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SPECTRA OF SOME ALGEBRAS OF ENTIRE FUNCTIONS OF BOUNDED TYPE,
GENERATED BY A SEQUENCE OF POLYNOMIALS

In this work, we investigate the properties of the topological algebra of entire functions of bo-
unded type, generated by a countable set of homogeneous polynomials on a complex Banach space.

Let X be a complex Banach space. We consider a subalgebra H,p(X) of the Fréchet algebra of
entire functions of bounded type Hj,(X), generated by a countable set of algebraically independent
homogeneous polynomials IP. We show that each term of the Taylor series expansion of entire func-
tion, which belongs to the algebra Hyp(X), is an algebraic combination of elements of IP. We gener-
alize the theorem for computing the radius function of a linear functional on the case of arbitrary
subalgebra of the algebra Hj(X) on the space X. Every continuous linear multiplicative functional,
acting from Hyp(X) to C is uniquely determined by the sequence of its values on the elements of
IP. Consequently, there is a bijection between the spectrum (the set of all continuous linear multi-
plicative functionals) of the algebra Hyp(X) and some set of sequences of complex numbers. We
prove the upper estimate for sequences of this set. Also we show that every function that belongs
to the algebra Hy,p(X), where X is a closed subspace of the space {« such that X contains the space
coo, can be uniquely analytically extended to ¢« and algebras Hyp(X) and Hyp(¢) are isometrically
isomorphic. We describe the spectrum of the algebra Hyp(X) in this case for some special form of
the set IP.

Results of the paper can be used for investigations of the algebra of symmetric analytic functions
on Banach spaces.
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INTRODUCTION

The theory of analytic functions is an important section of nonlinear functional analysis.
In many modern investigations topological algebras of analytic functions and spectra of such
algebras are studied.

The existence of algebraic basis plays an important role in the description of the spectrum
(the set of all continuous complex-valued linear multiplicative functionals) of the algebra, since
every continuous linear multiplicative functional is uniquely defined by its values on elements
of the algebraic basis.

The problem of description of spectra of algebras of analytic functions of bounded type was
considered by many authors (see, e.g., [2,3,10]). In the general case the problem of description
of spectra of algebras with the countable algebraic bases is not solved. However for some of
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these algebras descriptions of spectra were constructed. Algebras of symmetric analytic func-
tions of bounded type on spaces with symmetric structures are typical examples of algebras
generated by countable sets of polynomials and were studied in [1,4-8].

We generalize the theorem [2] for computing the radius function of a linear functional
on case of arbitrary subalgebra of the Fréchet algebra of entire functions of bounded type
Hy(X) with the topology of uniform convergence on a complex Banach space X. We consider
the subalgebra Hyp(X) of the algebra Hy(X) of entire functions, generated by a countable
set of algebraically independent polynomials P = {Py, P,,...,Py,...}, such that P, is an n-
homogeneous polynomial for every n € IN. We show that each term of the Taylor series
expansion of entire function, which belongs to the algebra H,p(X), is an algebraic combination
of elements of IP. Accordingly, every f € Hyp(X) can be uniquely represented in the form

(e 9]

flx) =f(0)+ ) Y. Ak, Ky, o (PL(X)) T (Pa(2))%2 -+ (Py(x))"r,
n=1ky+2kp+--+nk,=n

where x € X, ay, k,..k, € Cand ky, ko, ..., ky are non-negative integers. Therefore every con-
tinuous linear multiplicative functional ¢ acting from Hyp(X) to C is uniquely determined by
the sequence (¢(Py), (P2),..., ¢(Py)) of its values on elements of IP. Consequently, the spec-
trum of the algebra Hyp(X) is in one-to-one correspondence with some set of sequences of
complex numbers. We prove the upper estimate for sequences of this set. Also we show that
every function that belongs to the algebra Hyp(X), where X is a closed subspace of the space
¢« such that X contains the space c(, can be uniquely analytically extended to /., and algebras
Hyp(X) and Hpp(f«) are isometrically isomorphic. We describe the spectrum of the algebra
Hyp(X) in this case for the set P = {Py, P,, ..., Py, ...} such that

Py((x1,%x2,...,%p,...)) = x

forn € IN.

In the first section we recall some basic notions on the theory of analytic functions on a Ba-
nach space and the theory of the Fréchet algebras which are necessary for a full comprehension
of the paper.

In the second section we generalize the theorem for computing the radius function of a
linear functional on case of arbitrary subalgebra of the Fréchet algebra of entire functions of
bounded type Hy(X) on a complex Banach space X. We also prove that every term of the Taylor
series expansion of entire function, generated by the countable set of algebraically independent
polynomials, is an algebraic combination of these polynomials.

In the third section of the paper we describe spectra of the Fréchet algebras of entire func-
tions, generated by the sequence of polynomials P on complex spaces, which are the closed
subspaces of the space /«, and contain the linear space cqp.

1 PRELIMINARIES

In this section we will review the formal definition of polynomial on a Banach space and
introduce the necessary background. To begin with, we establish some notation. Throughout
the whole article the letter X will always stand for a complex Banach space. The set of all posi-
tive integers will be denoted by IN, whereas the set IN U {0} will be denoted by INy. We denote
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by Q™ the set of all positive rationals. We also denote by {« the complex Banach space of all
bounded sequences x = (x1,x2,...) of complex numbers with the norm ||x|jcc = sup;p |%i]
and by cqg the linear space of eventually zero sequences x = (x1,x2,...,X,,0,...) of complex
numbers with the norm ||x|| = sup;p |xi]-

Definition 1. Forn € N a mapping P : X — C is said to be an n-homogeneous polynomial if
there exists some n-linear form Ap : X" — C such that P(x) = Ap(x,...,x) forevery x € X.

n

We shall denote by P"(X) the vector space of all n-homogeneous polynomials from X to C.
Also let PY(X) be the vector space of all constant mappings from X to C. For each P € P"*(X)
we shall set

[P} = sup{[P(x)] : x € X, [|x|| <1}.

It is known that a polynomial P € P"(X) is continuous if and only if ||P|| < co.

Definition 2. A mapping P : X — C is said to be a polynomial of degree at most n, where
n € Ny, if it can be represented as a sum P = Py + Py + - - - + P, where p; e Pj(X) forj = 0,n.

Definition 3. Polynomials Py, P,, ..., where P; € P/(X), j € N, are called algebraically inde-
pendent polynomials, when for all n € IN and every polynomial g : C"* — C if the equality
q(Py(x), P2(x),...,Py(x)) = 0 holds for every x € X, thenq = 0.

Definition 4. A polynomial P : X — C is called an algebraic combination of elements of
P = {P,P,,...} if there exists n € N and a polynomial g : C" — C such that P(x) =
g(Py(x),...,Py(x)) forevery x € X.

Let us denote by B(a,r) and B(a,r) an open and a closed balls of radius r and center a € X
respectively.

Definition 5. Let U be the open subset of X. A mapping f : U — C is said to be holomorphic
or analytic on U if for each a € U there exists an open ball B(a;r) C U and a sequence of
polynomials fy, f1,..., where fo € C and f; is a j-homogeneous polynomial for each j € N,
such that

F6) = ¥ e —a)
uniformly for x € B(a;r).

Note that the power series ) - fn(x — a) is called the Taylor series of the function f at the
point a. If U = X the function f is called an entire function.

According to [9, p. 47, Corollary 7.3] the terms of the Taylor series of an entire function
f : X = C can be found using the Cauchy’s integral formula

1
fi) = 5 [ B,

where v > 0. (1)

Also recall that the radius of convergence p, of the power series } ", f»(x — a) is the supre-
mum of all » > 0 such that the series converges uniformly on the ball B(a, r). According to [4,
p- 27, Theorem 4.3], the radius of convergence of the power series is given by the Cauchy-
Hadamard formula

1 1
o = limsup |y
Pa n—o0
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Denote by Hy(X) the algebra of C-valued entire functions of bounded type on X, that is,
the space of all entire mappings from X to C, which are bounded on bounded subsets. We
endow the algebra Hj,(X) with the system of uniform norms

I£llr = sup{|f(x)| : x € X, ||x|| <}, wherer € Q™.

It is known that the topology on a countably-normed space can be given by some metric.
Note that the algebra Hy(X) is complete with respect to this metric. Hence Hy(X) is a Frechet
algebra.

Let H (X) be an arbitrary subalgebra of Hy(X). For every continuous linear functional

< (X )) there exists r € QT such that ¢ is continuous with respect to the norm || - ||,
where < ;EO) (X)) is the space of all continuous linear functionals on HIS )(X)

Analogically to [2, Section 2] let us define the radius function on <Hl§0) (X)) as follows.

Definition 6. For ¢ € (HISO)(X)> let the radius function R(¢) be the infimum of all v > 0

such that ¢ is continuous with respect to the norm || - ||,

Thus,
0 < R(¢) < o0.

For n € Ny let P*(X) = P"(X)N HZSO) (X) denote the space of n-homogeneous polynomi-
als on X, which belong to HzEO) (X). For each P € P"(X) we shall set

IP] = [[Pl[y = sup{[P(x)| : x € X, [|x|| <1}

Each f € HISO) (X) has a Taylor series expansion
f=3 fu 2)
n=0

where f, € 7/5”(}() for n € Ny, and the series (2) converges in HZEO)(X), that is, the series (2)
converges uniformly to f on each bounded subset of X.

Let ¢ € (H éo) (X )) . Taking into account the continuity and the linearity of ¢, we obtain
o(f) = 2 o(fn). (3)

n=0

We denote by ¢, the restriction of ¢ € (HISO) (X)) to P"(X). Then ¢, is continuous. Its norm
on P"(X) will be denoted by

lpall = sup{|9(P)| : P € P*(X),||P|| < 1}.

Definition 7. The spectrum of the topological algebra A is the set of all continuous complex-
valued linear multiplicative functionals = continuous complex-valued homomorphisms =
continuous characters.
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2 ALGEBRAS, GENERATED BY A COUNTABLE SET OF POLYNOMIALS

Let Pp(X) be the algebra, consisting of all polynomials, which are algebraic combinations
of elements of the set IP. Let us denote by Hyp(X) the closure of Pp(X) in the metric of the
algebra Hy(X). It can be checked that Hyp(X) is a subalgebra of H,(X) and that Hyp(X) is a
Frechet algebra with respect to the metric of the algebra Hy(X).

Proposition 1. Each term of the Taylor series of a function f € Hyp(X) can be uniquely repre-
sented as an algebraic combination of elements of the set IP. Consequently,

FO=fO+Y Tt (P (P )2 - (Pa(x)),

n=1ky+2ky+---+nk,=n
where x € X, ay, k,..k, € Candky, ky ... ky € No.

Proof. For n € N let f, be the nth term of the Taylor series of f. Let us show that f, can be
uniquely represented as an algebraic combination of polynomials Py, ..., P;.

Let us denote by Pp (X) the space of all n-homogeneous polynomials, which are alge-
braic combinations of polynomials P, ..., P,. Note that the set of polynomials of the form
P{“P;(’- .. .P,li”, where kq,ky, ..., k,; € Ng and ky + 2kp + ... + nk, = n, is a Hamel basis for the
space Pp (X). Since there is a finite number of such polynomials the space Pp (X) is a finite-
dimensional. Therefore Pp (X) is complete with respect to each of the norms. In particular
Pp, (X) is complete with respect to the norm || - [|;.

Since Hyp(X) is the closure of the algebra Pp(X), then there exists a sequence {a;}7°, C
Pp(X), which converges to the function f with respect to the metric of Hy(X). Let a;, be
the nth member of the Taylor series of the polynomial 4;. Note that a;, € Pp (X) for each
I € N. Let us show that the sequence {a;, }$° ; converges to f, with respect to the norm || - [|;.
According to the Cauchy’s integral formula (1), in which we take r =1,

o f(gx) 1 a,(Cx)
ful2) ag / d

_ d _
27i Jigoa g and ) =57 f g

Therefore
|fu(x) —ap,(x)] = ‘% - f(Cx>€11—+Elll(€x) dC'

1 f(Gx) —a(Zx)] . 1
<o [ L = [ @) — @) az

When x € X is such that ||x|| < 1and { € C is such that || = 1, we obtain ||{x|| < 1. So when
||x|| <1 we have

f(Zx) —a(Zx)| < [If —aill
It follows that
1
Ifo =l = sup |fa(0) = an(@)| < _lf ~ailh [ 2= ~alh.
x| <1 el=1

Since a; — f asl — oo, then ||f — a;]|1 — 0as ! — oo. Therefore ||f, — a;,||1 — 0as ] — oo.
Hence aj, — fu as | — oo with respect to the norm | - [|;. Since Pp (X) is complete with
respect to the norm || - [[1, then f, € Pp (X). Hence f, can be represented as an algebraic

combination of polynomials P, P;, ..., P;. Such representation is unique, since polynomials
Py, P,, ..., Py are algebraic independent. O
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Let Myp be the spectrum of the algebra Hyp(X). According to the Proposition 1 every func-
tion f € Hyp(X) can be uniquely represented in the form

f=Y.fa=f0)+) )y Oy .. oy Py PY2 -+ PET,

n=0 n=1ki+2ky+...4+nk,=n

where a, i, r, € Cand ki, ka ..., k, € INg. Consequently, for every non-trivial character ¢ €
Myp, taking into account that ¢(1) = 1, we have the following:

¢(f) = f(0) + i )3 Oy . (9 (P1)H (@(P2))2 - (@(Pa)) "

n=1k{+2ky+...+nk,=n

Thus we can see that ¢ is completely defined by its values on polynomials P;, where j € IN.
Hence we can identify every ¢ € Myp with the sequence {¢(P;) ]?";1.
Let us prove the following analog of [2, Theorem 2.3] on case of arbitrary subalgebra

HEEO) (X) of algebra Hy(X). Let us recall that we denote by ¢, the restriction of ¢ € <H£O) (X )) )
to P*(X), where P"(X) = P"(X) N HZSO)(X).

Theorem 1. The radius function R on <H£0) (X)) is given by

. 1
R(¢@) = limsup ||@y||7.

n—oo

Proof. Suppose that 0 < t < limsup,_, ., H(an%. Then there is a sequence of homogeneous
polynomials P; of degree n; — oo such that ||P;[| = 1 and |¢(P;)| > t". If 0 < r < t, then by
homogeneity, || P[], = 1", so that

AN
o) > (=) 1Bl

and ¢ is not continuous with respect to the norm of uniform convergence on rB. It follows that

R(¢) > r, and on account of the arbitrary choices of r and t we obtain R(¢) > limsup ||¢x|| .
n—o0
For the reverse inequality, let s be strictly larger than the supremum above, so that

|lpn|| < s" for n large. Then there is ¢ > 1 such that ||¢,| < ¢s”, n > 0. Letr > s is arbi-
trary, and a function f € HZSO) has Taylor series (2). Then the Cauchy estimates yield

fall = fallr < Ifllr, 7> 0.

Hence, [¢(fu)| < [[@nllllfall < Crs—nanHr, so that in view of (3) we obtain

o0

oAl <e( X 5)Ifll-

n=0
Thus ¢ is continuous with respect to the norm of uniform convergence on the ball B and

R(¢) < r.On account of the arbitrary choices of s and r, we can see that

. 1
R(gp) < limsup ||y ||7.

n—oo
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Proposition 2. For every ¢ € Myp there existsr € Q, such that the estimate
|9 (Pu)] < 7" Pullx
holds for all P, € Pp (X).

Proof. Each ¢ € Myp is continuous with respect to the norm of uniform convergence on some
ball in X. Let ¢ be continuous with respect to the norm || - ||,, where r € Q. Since the norm
of every non-trivial continuous complex valued homomorphism is equal to 1, the estimate

|9(Pn)| < [|1Pully, Pn € Pp,(X)

holds for all » > R(¢).

So, |¢(Py)| < sup |Py(x)|. Let us make the following replacement x = ry. Thus we obtain
x| <r
[@(Pa)| < 71" Sup [P, [@(Pa)| < 7| Pa]ls- N
ylI=<1

3 THE CASE OF SUBSPACE X, cgg C X C Yo

Let X be a closed subspace of ¢, such that X contains cyy and IP be a sequence of continuous
polynomials Py, ..., Py, ... such that

1. P, is an n-homogeneous polynomial;

2. P,’s are algebraically independent;

3. every P, depends only on a finite number of coordinates.

Lemma 1. Let us define the mapping | : Hyp({o) — Hyp(X) by J(g) = glx, where g €
Hyp(Y). Let gy € Hpp(loo) be an n-homogeneous polynomial. Then the following equality
holds:

18nll1 = 117(8n)1-

Proof. According to the Proposition 1 each term of the Taylor series g, can be uniquely rep-
resented as an algebraic combination of polynomials P, ..., P,. Since in our case every poly-
nomial P, depends on a finite number of coordinates, then polynomials g, depend on a finite
number of variables. Let us denote by x(j) the maximum among indices of elements of the
sequence x on which the polynomial p; depends on, j = 1,n,n € N. Obviously, «(j) € IN.
Also let us denote by k. = max{x(j) : 1 < j < n}. Then we can write down the following
chain of equalities:

llgnlli = sup{|gn(x)]| : x = (X1, ..., Xm, - ..) € oo, X = OVm > Kpax,m € N, ||x]| < 1}
= sup{|gn(x)| : x € coo, [|x]| < 1}.

Thinking analogically we obtain the following chain of equalities for norms of J(g,) € Hpp(X):

17(gn)ll1 = sup{|J(gn(x))] : x = (x1,.., Xm,...) € X, ||x]| <1}
= sup{|gn(x)| : x = (x1,..., %m,...) € X, x| <1}
=sup{|gn (%) :x = (x1,..., Xm,...) € X, xm = 0Vm > Kyax,m € N, ||x]| <1}

= sup{|gn (x)| : x € coo, [|x[| < 1}.
Thus the equality ||gx|l1 = ||J(gn)||1 is established. O
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Theorem 2. Every function that belongs to Hyp(X) can be uniquely analytically extended to
ls and algebras Hyp(X) and Hyp (¢ ) are isometrically isomorphic.

Proof. Let us consider a mapping | : Hyp(les) — Hyp(X) such that J(f) = f|x for every
function f € Hpp(¢s). It is easy to check that | is a homomorphism from Hyp(/s) onto
Hyp(X).

Next we will show that the mapping | is a bijection. Firstly, let us prove that for all fi, f» €
Hyp(£s) whenever J(f1) = J(f2), then fi = f,, that is ] is an injection. Let us consider ¢ €
Hpp(Ys) such that ¢ = f; — f, and g has a Taylor series representation § = Y.;° ;gu. By

assumption, [(f1) = J(f2), and so J(g) = J(f1 — f2) = J(f1) — J(f2) = 0. On the other hand,

— (Y e =Y (g
n=0 n=0

and the Cauchy estimate yields ||J(gx)|l1 < ||J(g)|l1, 7 € Np. Since J(g) = 0, then ||J(g)|l1 =0
and ||J(gn)|l1 = 0. According to Lemma 1 we have ||gx|l1 = ||J(gx)||1- Therefore ||, |1 = 0 and
it follows that g, (x) = 0 for all x € /.

Thus we obtain the chain of equalities

fi(x) = fa(x Zgn =

for all x € /. It follows that f; = f,. Hence, the mapping ] is injective.
Now let us show that | is a surjection, that is for every h € Hp(X) there is at least one
h € Hyp(le), such that J(i1) = h. Since h € Hyp(X), it has a Taylor series representation
h =Y 5o h, with the radius of convergence
polh) = ————— =
limsup,, . ||fnl{

for all x € X. Let us show that the last equality also holds for all x € f«. According to
Proposition 1 each term h;, of the Taylor series of /i can be uniquely represented as an alge-
braic combination of polynomials P, ..., P,. Since every polynomial P, depends on a finite
number of coordinates, then polynomials /, depend on a finite number of variables. Let
us denote by x(j) the maximum among indices of elements of the sequence x on which the
polynomial P; depends on, j = 1,n,n € N. Obviously, x(j) € N. Also let us denote by
Kmax = max{x(j) : 1 < j < n}. Then we have the following chain of equalities

(x)| : x (xl,...,xk,...)eX,HxH§1}
=sup{|hn(x)| : x = (x1,...,%k,...) € X, % = 0 Vk > Kpax, k € N, ||x]| < 1}
= sup{[hn(x)| : x € coo, [|x]| S 1}
= sup{|hn(x)| 1 x = (x1,..., X, ..) € loo, X = 0 VK > Kpax, k € N, [|x]|| < 1}
()] 1 x = (31,0, Xy ) € Lo, ||x]| <1} = |[Tu]1.

[hallr = SUP{’hn X

= sup{|hn(x)| : x =

~ 1 ~
Therefore limsup,,_, . ||11:l{ = 0 and respectively po(h) = L —ocoforall x € /.
limsup, oo |11 |

Hence every function € Hyp(X) can be uniquely analytically extended to {e. This extension
is a desired function h. Thus the mapping ] is surjective.
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It remains to prove that the given function ] is an isometry between algebras Hyp (/o) and
Hyp(X). For this it is sufficient to show that for all i € Hyp(X), I € Hyp(feo) such that J(i1) =
h,and r € Q" the following equality ||J ()|, = |||, holds, that is ||k]|, = ||k]],.

Leth = Y% oh, and h = Y=, I, be the Taylor series representations of the functions h €
Hyp(X) and h € Hyp (o) respectively. Alsolet S,y1 = ho+...+hyand S,q = ho + ... +
be the partial sums of the given Taylor series. Then the following equalities hold:

nh_{{}o”h_snﬂ”r =0, (4)
Jim ||l = S [l = 0. 5)
Besides, by the continuity of a norm we have the following inequalities:
Bl = Snsallrl < 1B = Sniallr, 6)
[Fllr = 1Susallel < W2 = Sl (7)

Taking into account (4) and (6) we obtain
nlgro‘o [Sn+1llr = (7]l

Analogically, by (5) and (7) we have

tim |3l = il
Therefore limy, oo ||Sy41 ||y = 1imy_seo ||Spp1 ]|y and so ||1]|, = ||%|,. Thus, the mapping ] is the
isometry and the algebras Hyp(X) and Hyp (/) are isometrically isomorphic. O
Theorem 3. Let P, : {.c — C be defined by
Pu(x) = x;

forx = (x1,x2,...) € oo and ||P,|| = 1,n € N. Then the spectrum Mp of the algebra Hyp({«)
coincides with the set of all point-evaluation functionals at points of «,.

Proof. Let ¢ € Myp be a character that belongs to the spectrum of the algebra Hyp (¢ ). Let us
denote by Jy the point-evaluation functional at a point x € {«. Let us show that ¢ = &, for
some X € {oo.

Every ¢ € Myp is uniquely determined by the sequence (¢(P1), p(P2),...,¢(Py),...). Let

us put x = (¢(P1), /@(P2),..., /9(Py),...). Since ||Py]| = 1,n € N, then according to the
Proposition 2 the sequence ((p(Pl) (p(Pz) ey q)(Pn) ..) grows no faster than some geometric
progression. Thus the sequence x = (¢(P), \2/(p(P2), oo, Y/ @(Py),...) is bounded and so,
X € loo.

Besides, the following chain of equalities holds

6x(Pu) = Pu(x) = 23 = ({/ 9(Pu))" = @(Pn).
Hence ¢ = 4y and every character ¢ € M,p is a point-evaluation functional at some point
of leo. O

Corollary 1. Letcog C X C {w polynomials P, : X — C be defined by
Py(x) = x,

for every x = (x1,x2,...) € X. Then the spectrum M,p of the algebra Hyp(X) coincides with
the set of all point-evaluation functionals at points of {c,.
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Y AaHiM poboTi AOCAIAXEHO BAACTMBOCTI TOIOAOTIUHOI aATeb6py IiAMX PYHKIIiM, TTOPOAXKEHOL
3AIUeHHOK MHOXXIHOIO OAHOPIAHVX TIOAIHOMIB Ha KOMIIAEKCHOMY 6aHaXOBOMY IIPOCTOPA.

Hexait X e xoMITAeKCHMM 6aHaxoBUM IpOCTOpoM. PosrasHyTo miaaarebpy Hyp(X) anrebpm
Dperure mianx dpysKui obmexesoro iy Hy,(X), HOpoAXeHy 3AI4€HHOI0 MHOXIHOO aArebpaiaHo
He3aAeXXHMX OAHOpiaHMX roAiHoMiB IP. TToxasaHo, Mo KoXeH uneH psiay Teiiropa minoi oyHKIII,
sika HaaexnTh aarebpi Hyp(X), € aarebpaiutoro kombiHamieo eaeMeHTiB IP. Y3araAbHeHO TeopeMy
IIpO ObUMCAEeHHST paAiyc pyHKIII AiHITHOTO PYHKITIOHaAa Ha BUMTAAOK AOBIABHOI MiAaATe6pY aATe-
6pu Hy,(X) ma mpocropi X. KoxxeH HerepepBHII AiHIHIIT MyABTUIIAIKATVBHII (PYHKIIIOHAA, SIKVIA
Ale 3 Hpp(X) y C OAHO3HAYHO BM3HAYAETBHCSI IIOCAIAOBHICTIO CBOIX 3HaueHb Ha eaeMeHTax IP. SIk
HacCAiAOK, icHye B3a€MHO OAHO3HAUHA BiATTOBIAHICTD MiX CIIEKTpOM (MHOXMHOIO BCiX HellepepBHMX
AIHIHUX MYABTUIIAIKQTUBHMX (pyHKIHOHAAIB) aarebpu Hyp(X) Ta AeSIKOI0 MHOXMHOIO IIOCAIAOB-
HOCTel KOMIIAEKCHMX umceA. BcTaHOBAEHO OLIHKY 3BepXy AASL IIOCAIAOBHOCTEN 3 ITi€l MHOXIHIAL
Taxox AOBEAEHO, IO KOXHY (PYHKIIIO, sika HaaeXnTs aarebpi Hyp(X), Ae X € 3aMKHEHNM ITATIpO-
CTOPOM IPOCTOPY oo 1 MICTUTD IPOCTIp Cop, MOXKHA EAVIHVM UMHOM aHAAITIYHO IMPOAOBXUTI Ha Lo
i aare6pu Hyp(X) ta Hyp (o) € i30MeTpuuro i3oMopdrammu. OmmcaHo criekTp aarebpu Hyp(X) y
AAHOMY BUIIAAKY AASI A€SIKOTO CIHelliaAbHOTO BUTASIAY €AeMeHTiB MHOXHM IP.

PesyabTaTii AaHOI pO6OTH MOXYTD 6yTV BUKOPMCTaHI AAST AOCAIAXKEHHS aATebpy CMMEeTPIUIHIX
aHaAITUIHMX PYHKIIIA Ha 6aHaXOBYMX IPOCTOpPaX.

Kntouosi cnosa i ¢ppasu: n-oAHOPiAHMI TIOAIHOM, aHAAITVUHA (PYHKITisI, CIIEKTpP aArebpi.



