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- Introduction to Theory of Operator Algebras with Applications to Mathematics and Physics
Nikolay M. Nikolov
Lecture 4 (does not use Lecture 3)

Gegq[amJ ’WLéo r% (Tea/au.a Ha fem/mg) : “th@bfﬂ"c /oarz‘.

1 Mﬂxl‘mn/ ideals (makcumanny ugeamu) ond  characters (Xq/UaKTe,bu)

% A /fff/rl'ghf/‘lm—r/l&o{ ideal T ¢ A in an assooinfive d;ebm A
Is alled proper [ca§cr/e;r L{féﬂﬂ) f T4 A

A /eﬂ/righv‘/‘lwo—rlluf ideal N ¢ His alld maximal /eﬂ/righf/‘iwrs‘/z{cd
idol i it i proper and there is no proper /eﬂ/n‘gﬂ/{wo—r/(u{ ideal

J'ed <t JGY
P”P“‘t”"“ Y1 Let A be a wnital associative Mgebm . Then Wis dlvision
algebra iff (=) Vprofer left and ¥ proper ri@H \deals are 2ero.

M =D> Lot T be left idesl, (and cim}la%& dor r)gH). If act and
ot 0 then gl D l=dlae a'Ie] Dc-clecTe] (Vceo‘f).

=D JI=d e Jis nol proper.

<l:) ([\sgmme V proper &H ideal ¢ 2¢r0 (anal elm;(aréa xfor r)gln‘).

let aeh at0. Then J= Ao is abft ideal  a=1loed. = JI$0.
=D J t¢ not ploger , i.e. 1-4 Iy parficnfar féﬂ e Jeed: ca=]. O

Frecantion . Proposh"mm U A is not true dor dwo-sided ideals unlese
the algebro. A is commutative. Examp/cz Mat (v, C ).

Corollary 42, Lot A be a unital associative a[gpbra oand IS A be o
two-sided ideal  Then a T is a maximal bft and maximal right Ideal
it f H/‘J i< a division mﬁgebm.

&”_v[' let @i — %/5 be 4he canonical pm/écv‘/am.

Ten J¢7'84 = 0¢7l)%A4/T (;i'l""l?;(\-r/)=31>
} intermediate fzf\i idea Zs%
&nverse%: 0$T¢d/3 = JTg7n'(1)s (737';77%(1))=I> 3
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“ There are two common cases when a division complex a/geém oincides

with the a/gebm o WMP&X nuw bers :

o) the case of %’nlz‘eé ?ehem%e/ complex a/geéms

b) the case of Banach a/gzbras (&e(%n/—/‘{azur 74eprem/f?/1q6a%g—/{433p
from loture £

Emmg& The “(3”'"“ of rational functons df(é) is q dlvision z/gem

and C (1) 2C . But C(t)is not 7%/7‘4% ﬁznerm‘ed it has a
continuum (Konruné](e]n) set of generators (t-s)! owec .

Q@_ﬁ A character (Xﬂfmka’ep) of a unital associative com/o(éx a/g,ebm A
S a nonzero erphisw) X:A > C of unital al’gebms.

Bé‘ faroﬂm’g 2,18 fis commutative dhen Ker X is a maximal
/[wa-sla[ao() ideal gu‘cl the converce i< not a&vaé{s true.

T%Zaréwn 453 Levf A be a unital commutative Banach a/ge’bm .

(@) Everg maximal (let = right = two-sided) ideal s clpsed .

(6) The correspondence = % v Ker % is a one-4s -one correspoudence
between characters and maximal ideals

@ Everg character X Is bounded and [X|=1.

Observation 4.4 let NIE (4) be the subset of non-invertible clements
in a wnital associative algebra A.

@) Eve/';( beft (or r:‘gh‘) proper ideal J < N. 1L E /ﬂ)
(b) # A is a Banach adebm thow W.TE(A) is a closed subset in A.

Prood. () T 3o, 07'e T ~0ft 1deal then: 1=aae 1. = T= 4.
(+) Wh% V4\A/IE(¢4) ={acd|3al} is open 7

a-c = (4~c-a">-a. D (a-e)'= g (1- c-a">_!= il = (c-a"{)”
n=0
the series bel'ng ﬁbSolmlelg &am/ergsz if Hc-a"“ < Jlef|a! <1,

= Y acdNNLE(4) then as{ced| lel<lal} € ANNLE(4). O



25'_%‘?% A a aor‘aZZarg we obtaln Theorew 4.3 () sine if Jica proper ideal
then T ¢ N.1E (A) -dlosed . Henee | T < 4. TE.(A) € A1}

On the other hand , T is also 1deal (WAét ?> .
Froof of part (b). Wote Hirst that the correspondence X +o Ker X

i lw‘,zcv‘lve stne X is o Zlnem‘ fvmcv‘/oml ond
Ker X Aogether with J(1) <1 complitely didermines .

1¢ remaine 1o show that 4he divicion a/?ebm %/J obtalned
/sg a meima( ideal J wincldes afwags with € .

We s}\m(é nse ‘Me Ge[q[mma(-//azwr f/zao rem To Hx!s end we
hﬂWé fo S'/zola/ L%ﬂrf W/U hqs a s'émcv‘ure 07[ 756114&6/1 a[g@[)m,

We shall prove the later as a consequence of the dact that
J1¢ o dosed ideatl (bg part Cﬁ'\))

Lemma 4.5 <Rew\mder: qum‘)em‘ ol Banach spaces >
d7arT0/b Bana xobu HpoCTpancréa

Lei V be 7 @mmc}\ Space , W e V be o &/,asea/ lfneqr subs/gqa_
Then VA is a Banach space w.ri. the norm (quotient norus )

Il = W lorwl | where [vl=z= v W€ V/W.
we W

Prood. 10+ 0,)] = 1nd |4 0t wi € Inf llop wi+ Inf [orwl
weW weW weW

H[V}\\= 0 ¢&=D B{WMjgw , W, U &=D OeW’-‘W.
&mPﬁn‘eneSQ lot | [(fd.-(;k][l immo . 3 {(fd—subseqaeha ¢%.
l\[vh; U]W)” <17 2 we can choose Uy, -t HV\,‘K* Un | < l_é (fow ?).

=) {(fnuﬁ-ffnndmmemlml’.. =D afm qu v. fu’na [/fl/-()”u]”g ”U'UM“”
tew: m W)= (0] = bw (5] =[] (WA%?), a
R J—oao



w0 Loyma 4.6 fauoz‘/emf Banach a/?ebm).
Léz[ 44 be a Bnmcﬁ a feém and J be a césec/ -L[u/a-g}/ea( (deal .
Then A/ is a Banach a%ebm w.rt. he quotient norm .

Pool. [ [a-b]|| = tnt labtcl s ut | (atre) (b+d)l
ced cded ™ ~—
ab+(cb+ao{+cl>
=D | [a-h]] = cl:ﬁ | axell nf I b+d] = [ 310K . [

Thus, Theorews 4.3 () 1s abso proven. P‘m% part () follows from +he
defiviton of dhe quotient norm on A/l ¢ Sna ¥ coincldes with
the anonical projection A /i % then || =] (10 <1l 1001 11)- 1),
This wmpletes Jhe posf of Theorew 4.3. O

2. Existner of maximal ideals and Zorn's Lomma (Newa na %0/91{ )

Prepa ration -
Zéll X be o ,Oari'm% oro&reo/ s'e{/?:acrurw hmpeg,em Mﬂaq&crfo [or, posez‘)
le., X is endowed with a bfnar‘z relation (Sunapks penayns) 3 that is
() reflexive (pehrexonbun) : x L x
(ii) antisymmettic (anTuoumesputna @ X <y b yLz = x=k
(iii) transitive [maﬂgwuﬁm) S 4 _4% k é"* =) x =2
(Vx,g,& € X)
r4 Anear«% (or, 'fm‘ﬁﬂg) orzﬁereo( sulsea’ L QX s Such a Smbsa'{ Y/ "Mm‘ !
Vx,ge L either x &Yy or z £ x
Maximal (Makcuﬂmeﬁ) cloment x€ X is such an tlement that
ocﬁg =) x-= Y

Precaution : Maximal eliment + Maximuw (or, the bargest elwent ).

T.2. MAkGMangn emuenT Ke 03HAYAba Kalki-1ondn enemenr.

The largest ebwent itf it exists is maximal element but Lhore mﬁh‘ be
several maximal elemendtc sp Zhai there is no érges-/ elimendt.
Zorn Llemma., (We shall 4reat 1 as an a;r/am.)

let X be a nonem/yfg poset st ¥ l/nearé ordered subset | ¢ X has
an upper bound 2 (i.z. r<2 VxéL)-ﬂM, Smaximal tlment in X
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25.08.10 Proposlftf(?\n 14 let Abe 4 unital associative a/gebm and J <4
be o Ze{f/righ%/éwo—sidza( ideal 4hat is proper (Jfﬂ).
Then T is wntained in a maximal Ze{f/righ%/éwo-mdu{ ideal

Prood. Wo eonsider the case of bt 1deals (M other cases are simitar ).
Led M==Hl‘]§T$V4J I-&Hid@a”%;ﬁ. Mis a piset wrd. .
led us show that M satisfies Hhe conditions of 2oru's lemma.
led L €M be Zineo\r% ord ered e i I{JILé[ then
JeI,€1, 64 or 1€1,¢1,94. Set J'= UL . Then
Yeg e 4 We clajwm Ahat T'is a proper bf? ideal (and Amce) J'e M)
o) W/vj 1"1s a bnear smcc? I q,a, € J' =D a,€l, 0,el,
for Some I,1,€ L. Assume for te sake of definldenesc (o@\ Mpegmrwa/wm
ponegenckoce) that T¢I, Thn a0, €T, D xat<a,el 7"
b} It aec/]) cel why ace’? 3Tel st cel. = acelcd
) Wy Vis proper! YIel: T<mIE(4) = T'= ULSHIE(A)
J{LV\CL) loj H\,e Zorv\ Lewuma\) = Mm(;mZ dzw,em‘ in M. ]

[‘ora[&w} 48 Lo A be a unital associative a/jtbm)aé A/IEM)
Then 3 maximal &ft (or right) ldeal T A st aed.

Pmﬂ[- Ao i o &H deal . ¢ 4.0 (s{ncc ae /V.I.E.M)).
=D A.ais a proper &QC-} vdea AN% Prop. Uy 0O

3 The beldand map

Te 1dea 1s P considar the characters % as points of a space
associated with o commudative tomplex associative a/jebm
ond every acd as a function with vabue X(a) at 2.

gé%! X/H}iZX::{’X\%-‘#ﬂ(ﬂ'lsaclmmc#er&,
Yacd XeX : A(x):= X(a)




3510 Then a0 Is a morphism A — Maps (X) C> "
Gk (K) = (ab)= 1) wfb)= a0 B(x) = (53) (%)

Theorem 4.9 Lot f be a unital commutative Banach a[%zbro\.
Thew for Hae A A(X) = 6% (a)

(Proo&- zéG’bq(o\) &> a-2leNILE(A)

ded
@mg_g)ﬂm,z/_gm Jxe X a—z.leker%D
G D %(a— 2. l) =0
ObSerwﬁwn .4 (0\) %(a> _ A(%) = 2 D)

e, 2¢G,(a) o= 26 5(X) . O

&ro%mi U0 Lot ) be o wnital commitative Banach af%zbro\,
T’/IZV\ the Ge&fm/\d map aoa is o Marphfsm:

A — Bounded Maps (X)() .
Proof . Since /0\\(}() = GQH(M ~ wwmd set . O

&ra%/‘:‘{‘ q Al Everg character X om am_nﬂ‘q[ commutaiive
C’Sa%ebm A is real |2 %[a*) = X(a).
Prof. qugA 0 prove that a=a* =D %ﬁ?)é//?.
But if a=a* 4hen R 2 G‘;(Ot) = a()OB a(?() = X(@). O
lorollary 4.2 For @ wnital  commutadive C’fa%el)m A the Gelfand
ma p l}4 —0 @Ol/mo(éo( qus (X)(B IS an isometric iw/ecz‘ion.
Proof. Recall trow lechre ¢ [alt* = £y (a*ot> =

~ /N
= sup {lel| 2e @,(aa) = @0(X) ) = sup 2% (x) = sup K(&*)

e X xex
) (;ZPXIX&‘)O =(;”€PX ’a[%)l> - ”a\”z In par‘h’mér} Y

s iV\ll'ZC'l'JOA . 0
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£ 4 IMJGG*/V/'@ of the Gelfand map for Bonach aézbm: and
dhe Jacobson radical
e The Jncobson radical 1 an assouiative complex alythra A is

called the Intergection of ol waximal two-s)de Ideals of A.
I s agﬂlm a dwo-¢lded ideal .

%Séﬂ/ﬁ'ﬁah, Lo / be 4 (unital ) wuﬂmméfﬁyz Banach a{ﬁeﬁm.
Then Yo larnel of the belipnd map is the Jacobson radical

Proof. 4=0 o= YreX: 0=6(x)=%@) <> FxeX: acker X
By Thin #.3(h): B =0 <=> ae N{all maximal ideals J O

S lymmutative C"-algebms genemfeo{ by one eliment .

Prapasfilan Y13, Lot A be o unitel commutative C"—a/gebm
geherdeo\ bg an aéﬂvv\m\‘é a=a* Then A= C(%(a))

(4he afgebrq of wntinuous functions on @’4(0\)).

M Introdmee two subalﬂ;hms '-

Cla) = {p(n) ‘ pt)e € [t] - the pa%namml algebrﬁj

CT ey = { F€ Cloy) | 2pe L Ve sy () {(t)=p b))

Th vte that dor VY ] __ €
¢ we note that for Yp(¢)e € (t) P(“)/4 \P[gﬂ@

A~ ~

Pe) = (Plg, ) o A X =6 (@)

a

Tndeed far p[{)= t”) ?[a\)' = ﬁ = (a\)n = lo(a) = (Ooa. Sine
& X — Gy(a) is surjection then f - p]dw(a) is the unique olution of
@ = 3”03 . Even wore : SUp !P/(ﬂ\)(x)l: sup )Pﬁ)' .

_ xe X {GG’,A(a\)
enee , [1p()1 = | Pl g |-

T/lug Cla) & CCDNG’,A (s) are two 1'50mev‘r/ca%z z'mma/‘p/{[c ﬂ{éa/?(bm:
in A and C(@’H(n)) , r‘espec%ive% .
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S Bg assumption Cla) is dense in A (Z/u‘s means that A is generated
bé,f a as a Banach a[gebm).

H v“ﬂ%ﬂws ‘MZM that 04 = Mn/'ﬁr;w dﬂmrz 07[ fof]/g-;’[q) .
This dosure colncides with C(e}(t)) ivq the Weierstrass theorew .
(TCOF@HOI Ka BM/JL?PQC) |:|

Weierstrass theorem €L |p, oy is MnifWM&q{ donse in Cle,p] .00

The idea of the proof of Weierstrass theorem 15 first + prove
‘IWMHL ZV’Z/'&( AAVICVL/W 0VL Y A/‘M /\ 1

can be uniform a/)pmxiw;m‘eo/ o IZ
bg pa%nawz/ﬁ(s , Them MJ!'M; Such
&nc/‘lam_( one nf/ﬁrm(/maﬁ_( w;/ﬁ/‘m%
every eonfinuous 044144'7[/014 boq plece-wise
)

lfneqr (mwn‘(ka mieimn | Panctlous >

R@M“FLS /Va{e that 6‘:4(0\) c [- (304(4)} Pw(q)] and
”P(f)”g’w(o\) < llp({)l\ [-‘p‘A(a))P,A(“‘)] (‘Vpé CB]) ,

Thus, every wnital commutative Kfa%ebm A s C«Mam’m%( {Soma%ffcaZZZ_

enbedded A > Bounded Maps (}([A)) J’) b a A
We <hadl tharaclerize the Image of this aé’gebm by o ﬁausa{arsﬁ( [Xagc;apqé)
compact %ﬂpo&gvy on X(A) st. A% C(X(«/I)).

(Prop.é/. (3 coM/aév‘e: Zhe g{mcv‘/aim/ alenlas in ffaézémr ;
For acd - a unital wwwmutative C’fa%z/)m , a=a" (kermifian)
j7[ ’/p i The C"—:aba%ebm }m&mvtw( ég A (and () they,
4, = C’(G;] (A\> omd  for cvcr;r, confluyons F: é;z(”‘) — L
ve defue  Fl) —s Tl = Fol

Shit | & have comp bete spectrnl decompositon for & we
need v consbrucs F(a) fr characteristic gmctions byt 7%6;

do wnot ge&uj’in ?,enemfj o Gy(a) (if Gy(c) s commected  for fustince .
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0510 |/, g)maeeo( Yo Fhe v‘a/a jea l /arv‘ of He &//ma/ /Zlar:; .
Let s formu bde te ém( resnlt

ge/ﬁmf %0!"@»4

@> Lo+ 04 be o unital commudatve C)Eaéﬁm Then there exicts
an isow;efxtrlmz )Samor/o}lum 14 ’—A"'C)[V)) W/lerz \,/ i< a &omﬁma#

Haus%arf% (Xmé,a?a/oo/a) space and C[V) /s e a/y/;rz of

continuous fanctions on Y.

(b) Y:or ewrg aam,mo# Hausa{arﬂ S/mCe yt%ere_ (§ A mmomlm[

(Somor Az’ : s _ the of character

SOMOrphis m Y S X(C(V}) = Cs(eyvs ! ch %5)
¢, %3(%) = f(4) .

(c) V:ar e&/ér‘g Y’ 2 - Gom/ﬂﬁcvl J’(ﬁu.s’ﬂfor# S’/?aczf Mh/ Xi Y

~a tontinuons map )-Mz lndyced map e 6(22-)'_‘95(}/)
where FV%) -= Fejc IS a

c
mar/ah/s’m of anltal C’im&&ebm& F*(%)/JU“\JC
Y — 2
(OO Ewrg (n(gzbm /c) morphisu ¥ f[Z) — ([Y) o unltal x—a%z))ms

is of a rw. P= F* q%r a M/'7hé FrlV—2 2 coutinuous
uap bedwern (ha  compact Homsdorfd spaces ¥ ond 2 .
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250810 G Basic qzam‘s mewl ﬁﬁﬂ&%g .

L) Vations from sed {/woru(,
X -set fP(X) - the set of ol subsets of X

H FTe PX) thn U= U V) nfF=n Y
Ye? YeF

/7[5'0)/'7[': ?"”(Y.{l“’(épfj,'t%éh U?Eyyx, n_’,‘{:Q\(p&.
l,\Topaégéf on _ (3 J/—g 7)(){)

(o) e T, XeT
@i\ If FcT then UF e T

@3\ It ici T then OF 6T

UeX - open (inX) 9=D neT
7/(, IS a nm’g‘baur/woo( (o)oo/\mor) oﬁ X GX d;/b 7/{« (s apen and xe U .
Zt is closed (iu )(> ﬁ\) X\@t s op ey

fﬂ& U is opern =D  point of Y lies in U z,‘oftz%er with ne{glbaurhao{

») {¢, X} - indiscrete 'éapa&yy (anuguckperna gononsrus ) of X
(P(X) - discrete 'éopolo/y (7uc/e/oe7m rnonorusr)  of X
(a/erg Pm'wf is open and dpged subse+>

%pa&;#cnl space with discrete ‘fofo/a” = d)screte space

X is a dlscrete spoce ) Ve )() {x] is open set
Exercise (everg pm‘wf IS open se+>

lf. (x ‘/) ( ' K/ - z’opo[oﬂcal Spaces
x——> X ~ ontinuous =9 ’? C/ (‘\7’7/(/6//

dut
Prop 7[ IS conHnuous 4=V -l;’xg)( r'= 7//2) Vnz//qﬁéaurﬂoa/ 5/ .
jhzl7hbaurlwoo( Uy st 1y, ) € U,
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25_-1‘33_-*0 5) I;nyerglmvl Stfueha x,— %: YU - ne:‘ﬂbou;—/mo&/ 07[ x, In
st X, € U ¥ wm>u,

5-) Te paset of /4 7‘0/7#«,/0//(: on X

T, < T, T?
T L finer, stronger (no-ghuna , wo- cu ais) {continuous funotions X— Ry 4

warser weaker (vw—z/vy&t, 1o - o105 ) fcom/zrrm‘ sequenas ) |,

Ind!scm‘e '797/0 é/a{ - Z%Z m%‘?‘ carlse 'ZLO/M&/#.
continuons fanchions - only awnstant finctions,
W”V€r7,lui’ 6’(714.!146(5 - M sejuonces

Diserndte hpaé%{ - Yo wost fine ﬁpa@g.
confinmous funetions — ol fanchons

WnyLrgent seguences - onty ehimost coustrnt sejuencs.
1) T - wllckion of Sopalogres of X then T, is also toplogy
~ the most fine #/}aé% warger than ¥ T,
AMT o T e T Gv‘ A - the weakest fopo(oﬁ) hat 15 chronger
than ¥ =2 (Yﬂ
8\ (X)T) "éo{w[aﬁ"mz space Y<X - subspace
T'= duay - Ue T) - topology in ¥
Vote: it AcY e X

A Is open ln Y C}é 74 Is open ln A 1
/} is dosed in Y %> A s dosed in X l

But it Y 1 open I K then A isopen ln ¥ O Als open ln X
V i dosedin X then A s dosed in X G=o A is dosed in X,
_OQB.. gzm vwfrzma/éacrfa SQ X { Ton. M/o—é'a Xcz Kq/ma, /qactfeWw/

olko MKM&SA/MMM Ty no/o ul '{ J’e ?ucz/ozr/mw Tonore LA -
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2 ﬂ S ¢ mcrplrns 4= Yoxe ,.P J ”x9x -~ Okonnver , 7. %
UG = fl (o wess n e
%Ms&r# Gh @ Orptmn ¢ OKOANeCK OT acrqnnmw) ,
) X“M"F*”‘“ np-bs V"fq , é(faC)Q ’]/Mx(aﬂ ) UJ {97> L
T WU, 0 MZ\ = 0.
Wpump, Quckpes waea Wnosre wmy £ x«;c;ambv&,

QUTUwIMcHp LTIITA  — K ) Ako {X’?Z.

(3\ }(OMVM‘\K,V’M W0 WU (\/ﬁﬂMWﬁKTM MP"")"

Q_M_P- OV'éﬁfena uaz/urue_ Ka )(: ?g 7— T e U?= X

open cover — has a Pinite subeover
koankv’mW 4"2-:{0 ‘\77 oréppuna letfm’w f MJ?MWJ/CA/A kptv;ﬂﬂ
‘ manwpwwz [3 740 c 7 rew (j‘f,fa = )()

I&pn;nv

l(oMrmmrnw Vlﬁ//’l}wf%w’éo y d=0 Y e Komnagimo CM/;I/W IO NoND M LT
1a mgi,,,/,po,p,,,w@, [Fe ukggaaulmmm) ,

<F‘7—-‘D V oa‘éotpeM NoKpUTYE ke }/(‘%_’g 7 rze UVF 2 Y np e fa by
puine wogvogpurne (T, ¢ F qo0 VT, 21D

/faﬂqvem B KoM na k Tho 14/7/50 X

Y e Jadbopens - g Y e romnagrno
Qo X e Xﬂinofqéolﬁ
@50: ':_0} ‘Dﬂbo ?{—'0(1. Vtazpum{, 7 }’ , v ?fo\ Y] ~ o¢f. nokf. ka X

=) % U{X\ Yj - KPIVW—W Mo7wwx1;. ka X >) ch’ e M07Mﬂop. K .LV

é=> przoufnm n[mu(jéw}w xeX\Y = Yernm wornen , v x

{50'}7’7"!’%/\ WClka HA X\Y)D',e_ ze guxa" _0‘(?/“{066‘) Z{xgx\_\{

"[ij;e v ocd MorpuUTHE A 4
=D YC,—H\JXU"‘ngM
R A

G jonLs 1o Ko Y (7/{,‘/) Y= ¢) .

o A
__Xﬂ,ac;(,/ p/ga éa o
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25_-10310 //éOfCM Un 645&/0%1( ! qC! X"? Y - MMPechnam
(X}ﬂ——xannﬂcr}tv =) {(X) g  Komnayrrg

D6 /4%0 ?’e off. roxpudue ke 7[[/()/0‘7’ '{-/-//L()'Hé ?’j

e of. nogywove wn X =0 F]'f"((/{,c)= X = 04(,, 2%()().0
k=1 K=

(’A;z?omu: Xa,yc?mM/aoé’urz LOM v nois TD A0AD 1 B

M m HAA M o ng ADWL ¢ MMjceco’évW KA m;-”?z,oq&vo’ure 7o noA p i,
Y ﬁfmrwwv.

Prool.  (X,7) M, (X)TQ is contimns = T €T

Wen L Tis coupict and }&Wgafo@ﬁ/ ;J(/:) = F - towpach n 77
b Y F - oamlmav/ n 7= Y T=closed is T Lolosed set

= T=-7/ O

eine - Bored
jﬁ"ﬁﬁzﬁ”—- (M Xabne - @fén) .
B R. KSR e omniearw D gadbopeno ©  Olpamzeso

G@acﬂm : (’/(Anou‘(ec/en Teopemn Ko gﬁal,b?fﬁ():

UC-'X—‘> m =D 7£Z qu,w,zcm u 7[ 795,7424 Wp G — LoNP A G
| U Kbl ~HpNKATE o0 CADARD Y

f i

%(Xj ¢ owamtuns 71'[)() e gatbopens





