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Let G/H be a para-Hermitian symmetric space. We can consider that G/H is a manifold
in the Lie algebra g of G . Quantization on G/H in the spirit of Berezin has been constructed
in [6]. Polynomial quantization (a variant of quantization) has been given in [7], with explicit
formulae for rank one spaces. Here an initial algebra operators is the algebra of operators in a
maximal degenerate series representation of the universal enveloping algebra of g. In this paper we
suggest a new approach to polynomial quantization using the notion of an "overgroup", see § 5.
Here covariant and contravariant symbols and the Berezin transform appear quite naturally and
transparently. Moreover, such a point of view can bring to different generalizations of the theory.

§ 1. Para-Hermitian symmetric spaces

Let G/H be a semisimple symmetric space. Here G is a connected semisimple Lie group with
an involutive automorphism o # 1, and H is an open subgroup of G?, the subgroup of fixed
points of o . We consider that groups act on their homogeneous spaces from the right, so that G/H
consists of right cosets Hg.

Let g and b be the Lie algebras of G and of H respectively. Let By be the Killing form of
G . There is a decomposition of g into direct sums of +1, —1 -eigenspaces of the involution o :

g=b+q.

The subspace q is invariant with respect to H in the adjoint representation Ad. It can be identified
with the tangent space to G/H at the point 2°= He.

The dimension of Cartan subspaces of q (maximal Abelian subalgebras in q consisting of
semisimple elements) is called the rank of G/H .

Now let G/H be a symplectic manifold. Then h has a non-trivial centre Z(h). For simplicity
we assume that G/H is an orbit AdG-Zj of an element Zy € g. In particular, then Zye€ Z(h).

Further, we can also assume that G is simple. Such spaces G/H are divided into 4 classes
(see [3], [4]):
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(a) Hermitian symmetric spaces;
(b) semi-Kéhlerian symmetric spaces;
(¢) para-Hermitian symmetric spaces;

(d) complexifications of spaces of class (a).

Dimensions of Z(h) are 1,1,1,2, respectively. Spaces of class (a) are Riemannian, of other three
classes are pseudo-Riemannian (not Riemannian).

We focus on spaces of class (c) . Here the center Z(h) is one-dimensional, so that Z(h)=RZ,,
and Zp can be normalized so that the operator I =(adZg)q on q has eigenvalues £1. A symplectic
structure on G/H is defined by the bilinear form w(X,Y)=By(X,IY) on q.

The +1-cigenspaces q~ Cq of I are Lagrangian, H -invariant, and irreducible. They are
Abelian subalgebras of g. So g becomes a graded Lie algebra:

g=q +h+q",

with commutation relations [h, ] Cbh, [h,q7]Cq™, [h,qT]Cq™.
The pair (q7,q7) is a Jordan pair with multiplication

(xvz) = [X,7] 2],

see [5]. Let r and s be the rank and the genus of this Jordan pair. The rank r coincides with the
rank of G/H .

Set QT =expq® . The subgroups P* = HQ* =Q*H are maximal parabolic subgroups of G .
One has the following decompositions:

G =QTHQ (1.1)
=Q HQT, (1.2)

where bar means closure and the sets under the bar are open and dense in G . Let us call (1.1) and
(1.2) the Gauss decomposition and (allowing some slang) the anti-Gauss decomposition respectively.
Decompositions (1.1), (1.2) mean that almost any element g € G can be decomposed as ( the Gauss
decomposition):

g=-expn-h-expé, (1.3)
or (the anti-Gauss decomposition):

g=exp&-h-expn, (1.4)
where he H, £€q~, neqt, all three factors in (1.3) and (1.4) are defined uniquely. We also use
the Gauss decomposition (1.3) in a little different form:

g=-expn-exp-h, (1.5)

where 1 and h are the same as in (1.3), and & is obtained from £ in (1.3) by Adh.
Decompositions (1.3) and (1.4) generate actions of G on q~ and g% respectively, namely,

{&=¢eg and nij=nog:
expf-g:explﬂﬁ‘expg, (1.6)

o~

expn-g=-expX -h-expn, (1.7)

where X €q~, Y €q" . These actions are defined on open and dense sets depending on g . Therefore,
G acts on q~ xq": (§,1)— (£,7). The stabilizer of the point (0,0)€q~ xq* is PTNP~=H,
so that we get an embedding

q xq" — G/H. (1.8)
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It is defined on an open and dense set, its image is also an open and dense set. Therefore, we can
consider (£,m) €q~ x qT as coordinates on G/H , let us call them horospherical coordinates.

Let us write explicit formula for embedding (1.8). We use a redecomposition "anti-Gauss" to
"Gauss". We take £€q~, n€qt and decompose the anti-Gauss product exp&-exp (—n) according
to formula (1.5) (the "Gauss"):

exp&-exp(—n) =expY -exp X - h, (1.9)

where X €q~, Y eqt. The obtained element h € H depends on ¢ and 7 only, denote it by
h(&,m) . Using (1.9), let us form the following element g€ G':

g=expYexp& =expX -h-expn. (1.10)

Then the pair &,7 goes just to the point z=2% where ¢ is defined by (1.10).
Under the action of the group G the element h(&,7n) is transformed as follows:

h(€,7) =h~" - h(En) - I, (1.11)

where h and h are taken from (1.6) and (1.7) respectively.
For he H , denote
b(h) = det (Ad h)|y -

The function k(§,n) =0b(h(§,n)) is N(§,n)~*, where N(&,7n) is an irreducible polynomial
N(&,n) of degree r in ¢ and in n separately. Considered as a function on G/H , the function
k(&,m) is an analogue of the Bergman kernel for Hermitian symmetric spaces. It follows from (1.11)
that under action of g € G the function N(&,n) is transformed as follows:

N(&,7) = N(&m) - b(h)"7 - b(h) 1/~ (112)
In horospherical coordinates the G -invariant measure on G/H is:
da = da(§,m) = [N (&) d dn,

where d¢ and dn are Euclidean measures on q~ and gq' respectively.

§ 2. Maximal degenerate series representations

In this Section we introduce two series of representations induced by characters of maximal
parabolic subgroups P* of G (maximal degenerate series representations).
First we take the character wy(h), AeC, of H:

wa(h) = [b(h)| "

and then we extend this character to the subgroups P* | setting it equal to 1 on Q¥ .
Let us consider induced representations ﬂ'f of G:

75 =Ind (G, P¥, ws)).
They act on the space DT(G) of functions f € C°(G) having the uniformity property:

f(pg) = wea(p) f(9), pe€ PT,
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by translations from the right:
(75 (9)f) (91) = F(g19).

Realize them in the non-compact picture: we restrict functions from Dit(G) to the subgroups
Q7 and identify them (as manifolds) with g%, we obtain

~ o~

(m5(9)f) (&) = wA(R)F(E), (m(9)f) () = wa(h™1)f(7),

where E, 71,, 7, h are taken from decompositions (1.6), (1.7).
Let us write intertwining operators. Introduce operators A, and B) by:

(o)) = [ INEmT p@de

BR© = [ INEn otmn

The operator Ay intertwines w, with 7TJ_F)\_ ., and the operator B) intertwines 7T/J\r with 77, .
Their composition is a scalar operator:
ByA_y_,, =c(N\)7t-id, (2.1)

where ¢(\) is a meromorphic function of A, it is invariant with respect to the change A+— —\ — .

We can extend W;\t, Ay, and B, to distributions on q~ and q*.

The representation 7, of the Lie algebra g is given by some differential operators of the first
order. This representation can be considered on different spaces of functions of &: for example,
the space C*°(q~), the space Pol(q~) of polynomials in &, the space D’'(q~) of distributions on
q~ , in particular, the space Z of distributions on g~ concentrated at the origin, etc. The same
concerns to 773{ .

Notice

wa(h(&m) = N ), (2.2)
hence formula (1.12) gives

~

INEDP = INE - wa(h) ™ -wr(h),

which can be interpreted as an invariance property of the function |N(&,7)*

T (9) @ m () |IN(En)* = IN(En)

§ 3. Symbols and transforms

In this Section we apply to a para-Hermitian symmetric space G/H the scheme of quantization
in the spirit of Berezin offered in [6]. We consider a variant of the quantization, we call the polynomial
quantization. For an initial algebra of operators we take here the algebra of operators 7, (Env (g)) ,
where A€ C and Env (g) is the universal enveloping algebra of g. In contrast to [6], we use the
non-compact picture for representations ﬂ'f , see § 2. The role of the Fock space is played by a space
of functions ¢(§), £ €q~, so that our operators act in functions ¢(§). We introduce covariant and
contravariant symbols of operators, the Berezin transform etc.
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As a (an analogue of) supercomplete system we take the kernel of the intertwining operators
A_y_,, from § 2, namely, the function

For an operator D=, (X), X € Env(g)), the function

1

is called the covariant symbol of D . Since £, n are horospherical coordinates on G/H , covariant
symbols become functions on G/H and, moreover, polynomials on G/H C g. It is why we call this
variant of quantization the polynomial quantization. Denote the space of covariant symbols by A) .
For generic A, this space is the space S(G/H) of all polynomials on G/H .

In particular, the covariant symbol of the identity operator is the function on G/H equal to
1 identically. If X belongs to the Lie algebra g itself, then the covariant symbol of the operator
7, (X) is a linear function By(X,z) of x€ G/H Cg with coordinates &, 7, up to a factor
depending on .

The operator D is recovered by its covariant symbol F':

DO = [ P60 gt ol do(uo) (32

G/H

where ¢=c¢()) is taken from (2.1). Indeed, the function ® has a reproducing property

(€)= (V) /G y jjﬁj”i () d(u, v).

which is nothing but formula (2.1) written in another form.

Let U be the representation of the group G by translations in functions on G/H (quasiregular
representation), for example, on the space C*°(G/H), and U the corresponding representation of
the Lie algebra g. The correspondence D +— F', assigning to an operator its covariant symbol, is
g-equivariant, it means that if F' is the covariant symbol of an operator D=, (X), X € Env (g),
then U(L)F, where L€ g, is the covariant symbol of the operator 7, (ad L-X).

The multiplication of operators gives rise to the multiplication of covariant symbols, denote
it by *. Namely, let F;, Fy be covariant symbols of operators D;, Dy respectively. Then the
covariant symbol F} % Fy of the product DyDs is

1
(&, n)
Putting in (3.1) D=D;, F=F; and ¢(u)=

(FI*FQ)(§7n) = (D1®1) (q’(fan)Fz(ﬁw)) .

<I>(u, 77)F2(Ua 77) , We get
(Fy % Fy)(6,m) = /G | FEDF) BE m,0) dol,0), (3.3)

where

O(E, v)®(u,n)

(&, m)®(u,v)

Let us call this function B the Berezin kernel. It can be regarded as a function B(z,y) on G/H x
x G/H . It is invariant with respect to G':

B(&, n;u,v) =c¢

B(Adg -z, Adg-y) = B(z,y).
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Define a transform z+ x” of the space G/H , that in horospherical coordinates &,n is the
permutation <, i e. (§,n)— (n,&). This transform induces the transform F+— F'~ of functions
in S(G/H): F~(&,n)=F(n,&). The Berezin kernel is invariant with respect to the simultaneous
permutation £<»n and u<>v. By (3.3) it implies that the transform F+— F'~ is an anti-involution
with respect to the multiplication of symbols:

(F1 * F'Q)v = FQU * Flv.

For operators D, the transform F+ F'~ of symbols means the conjugation D+ D~ with respect
to the bilinear form generated by the operator Aj :

(Arp,) = / IN(E )| (€ () de dn.

Moreover, if D=m, (X), then
D” = (XY),

where X + XV is the transform of the algebra Env (g) induced by the transform g+ g~! in the
group G.

Thus, the space Ay with multiplication * is an associative algebra with 1, the transform F'— F~
is an anti-involution of this algebra.

Now we define contravariant symbols. A function (a polynomial) F(£,n) is the contravariant
symbols for the following operator A (acting on functions (&) ):

(e =c [ Flun) g5 ol dofu,o) (3.4

G/H

(notice that (3.4) differs from (3.2) by the first argument of F' only). This operator is a Toplitz
type operator.

Thus, we have two maps: D+— F ("co") and F'+ A ("contra"), connecting polynomials on
G/H and operators acting on functions ().

If a polynomial F' on G/H is the covariant symbol of an operator D=, (X), X € Env (g),
and the contravariant symbol of an operator A simultaneously, then A=7", (X"). Therefore,
A is obtained from D by the conjugation with respect to the bilinear form

(F,f) = / F(€) £(6) de.
-

In terms of kernels, it means that the kernel L(&,u) of the operator A is obtained from the kernel
K (&, u) of the operator D by the transposition of arguments and the change A+ —\ — . So, the
composition O:D+— A ("contra" o "co") is

O: my (X)— 7, (XY).

This map commutes with the adjoint representation. Such a map was absent in Berezin’s theory for
Hermitian symmetric spaces.

The composition B ("co" o "contra") maps the contravariant symbol of an operator D to
its covariant symbol. Let us call B the Berezin transform. The kernel of this transform is just the
Berezin kernel.

Main problems here are the following. One has to do explicitly: (a) to express the Berezin
transform B in terms of Laplacians Aj,..., A, (7 being the rank), in fact, it is the same that

n
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to decompose a canonical representation (see § 4) into irreducible constituents; (b) to compute
eigenvalues of B on irreducible constituents; (c) to find a full asymptotics of B when A — —o0
(an analogue of the Planck constant is h=—1/)). In particular, two first terms of asymptotic
decomposition the Berezin transform B when A — —oo should be

1

~1—-—A
B 1A

where A is the Laplace—Beltrami operator. It gives the correspondence principle:

FixFy, — FiFy,
“ANFixF—FxF) — {1, Y,

in right hand sides the pointwise multiplication and the Poisson bracket stand.
These problems are solved for spaces of rank one and for spaces with the group G =SOq(p, q),
for latter spaces the rank is equal to 2, see [7], [8].

§ 4. Canonical representations and quantization

The main tool for studying quantization is the so-called canonical representations (this term
was introduced in [9]). For Hermitian symmetric spaces G/K , they were introduced by Vershik,
Gelfand and Graev [9] (for the Lobachevsky plane) and Berezin [1], [2] (in classical case). These
representations act by translations in functions on G/K and are unitary with respect to some
non-local inner product (now called a Berezin form).

We define canonical representations of a group G in a more general setting. We give up the
condition of unitarity (as too narrow) and let these representations act on sufficiently extensive
spaces, in particular, on spaces of distributions. Moreover, we permit also non-transitive actions of
a group G . Our approach uses the notion of an "overgroup" and consists in the following.

Let G and G be semisimple Lie groups such that G is a spherical subgroup of the G (i. e. G
is the fixed point subgroup of an involution of G). We call G an "overgroup" for G. Let P
be a maximal parabolic subgroup of G, such that PNG=H. Let Ry, A€C, be a series of
representations of G induced by characters of P. They can depend on some discrete parameters,
we do not write them. As a rule, representations EA are irreducible. They act on a compact manifold
Q (a flag manifold for G'). The series Ry has an intertwining operator @) . Restrictions Ry of R)
to G are called canonical representations of G . They act on functions on €). In general, {2 is not a
homogeneous space for G, there are several open G -orbits on 2. They are semisimple symmetric
spaces G/H; . The manifold 2 is the closure of the union of open orbits. The intertwining operator
Q@ called the Berezin transform.

One can consider a some different version of canonical representations, namely, the restriction
of canonical representations in the first sense (on functions on €2) to some open orbit G/H;.
Both variants deserve to be investigated. The first variant is in some sense more natural. But for
quantization we need just the second variant.

Recall, see § 1, classification (a), (b), (c), (d) for symplectic symmetric spaces G/H . As an

overgroup G for G for classes (a), (b) we take the complexification G€ of @, and for classes (c),
(d) we take the direct product G x G .
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§ 5. Polynomial quantization and the overgroup

Now let G/H be a para-Hermitian symmetric space, see § 2. As an overgroup for G we take
the direct product G =G x G . It contains G as the diagonal {(g,9),g€ G} .

First we describe a series of representations RA of G.

Let P be a parabolic subgroup P consisting of pairs (zh,hn), z€Q~, he H, n€ Q" . Let
@y be a character of P equal to wy(h) at these pairs. The representation of G induced by the
character w) of the subgroup P is denoted EA.

Let us give some realizations of representations }N%A .

Denote by C the manifold of "double" cosets

1
y=35Q QFse, s1,5€G.

This manifold is an analogue of a cone for representations of the pseudo-orthogonal group associated
with a cone. The group G acts on C as follows:

y— g1 'vg2, 91,92 € G. (5.1)

Denote by D) (C) the space of functions f on C of class C* satisfying the following homogeneity
condition

Fs7 PR Q™ Q% s2) = walh) f(s71 Q™ QT s9). (5.2)
The representation Ry acts on Dy(C) by

(Ralgr, 92) f)(y) = f97yg2), 91,92 € G.

Let us take in C two sections: "hyperbolic" section X and "parabolic" section I'.
The manifold X CC consists of cosets

r=s51Q QFs, seq.

The group G acts on X by z+ g lzg. The stabilizer of the initial point 20=Q~ QT is H, so
that X' can be identified with G/H .
The manifold I' CC consists of cosets

v=exp(-n)Q QVexp{, £€q, neqT. (5.3)

This manifold can be identified with g~ x g™ .
Let us embed I' X . It is the embedding q~ x q* — G/H , see (1.8), (1.9), (1.10) and further,
in terms of C.
Let a point z=s"1Q~Q%s, s€ G, has horospherical coordinates &,7. By (1.9) we find the
element h(§,n):
exp&-exp(—n) =exp(=Y)-expX - hy, ho=h(,n),

where X €q~, Y €qt, and by (1.10) we obtain

s=expY -exp& =expX - hg-expn, (5.4)
so that
r=s'1Q Qs
=exp (=) - hy Q" Qexp&. (5.5)
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Thus, the embedding above assigns to a point v €1I", given by (5.3), the point x € X', given by (5.5)
where ho=nh(&,n).

The representation R) can be realized in functions on these manifolds A and T'.

First consider X . A point x=5"'Q~Q"s in X under action (5.1) goes to the point gl_lxgg =
= gl_ls_lQ_Q+sgg in C. Take the element sga(sg1)™!,1i. e. the element sgggl_ls_1 , and decompose
it "by Gauss":

sgagy tsT = exp(—Y*) -exp X*-h*, X* €q, Y*eqt. (5.6)
Here the element h* € H depends on the point = only and does not depend on its representative s .
Let us form an element s*€G:

s =expY™* - -sgo =expX*-h¥sg. (5.7)
It gives the point z* € X:
CC* — (S*)_IQ_Q+S*.
By (5.7) we have
vt =g s (P TIQTQ  sg2.

Therefore,

f@®) = (W) ) flgy '2g2),

so that Ry acts in functions on X =G J/H as follows:
(B (91,92) f) (@) = wa(h*) f (") (5.8)
Theorem 5.1. In horospherical coordinates £,m on G/H the representation E,\ 18

Oy (E@g2,m001)

N wa(ha) wa(ATY) F(€ @ g2, nog1), (5.9)

(E,\ (g1,92) f)(&,m) =

where hy and hy are taken from decompositions (1.6) and (1.7) with g=go and g=g1 respectively.
Proof. Let a point x=s"1Q"Q%s, s€ G, has horospherical coordinates &,7. By (5.4) and
(1.6), (1.7) we have

sgg=expY -exp& -go=expY -exp Yo -ﬁg-expgg,
sgr=exp X -hg-expn -glzeXpX-h0~epr1-ﬁl-expﬁl.

where Egzgogz , M =nogy. Hence
s =expY™*-sg0 =expYs - h - exp 52, (5.10)

s*:epr*‘sgl:eprg-h*-ho-lAzl'expﬁl. (5.11)
Therefore, using (5.10) and (5.11), we obtain

Jr— (S*)lefQJrs*
I O P -
= eXP771'<h hohl) “Q7QT -hy-expéy
SUN -
= e (Whoh1)  he-Q Q" expl.
By homogeneity condition (5.2) we have
f(@) = f (expi - QQ" - exp&) - wox ((h*hohn) ') (5.12)
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On the other hand, by (5.5) we can write the point z* in the following form:
z* = expii - (hg)'Q QT - expl,
where hj=h (52, ﬁ1> . Whence again by homogeneity condition (5.2) we obtain
F@) = f (expin - Q Q" -exp ) -wn () 71). (5.13)
Comparing (5.12) and (5.13) we get

wn (AT hg ()™ ) = wx ((B5) 7).

whence o)
* Wiy T—1 T
h*) = h ha).
wr(h") o (o) wr(hy ") wa(ha)
Substitute it to (5.8) and remember (2.2) and (3.1), as result we obtain (5.9). O

Similarly, the representation ]SLA can be realized in functions on the manifold I, it is given by:
(R/\(91792) f) (&,m) = walha) wa(hy!) (€@ g2,m0g1).
It shows that EA is equivalent to a tensor product:

Ra(g1.92) = 7 (92) @ 73 (g1).

The group G contains three subgroups isomorphic to G . The first one is the diagonal consisting
of pairs (g,9), g€ G . The restriction of the representation R) to this subgroup is the representation
U by translations on G/H :

(Bal9.9)f) (@) = f(g™"wg).
Indeed, (5.6) and (5.7) with g1 =go =g give h*=e and s*=sg.

Two other subgroups G1 and G2 consist of pairs (g,e) and (e,g), where g€ G, respectively.
By virtue of Theorem 5.1, the restriction of the representation R) to the subgroup Gs is given
by

(e f)6n = et w® 1)

= sy Mo [feneeEn).

Similarly, the restriction of the representation éA to the subgroup G is given by

=™

(Ra(9.0) 1)) = s (10 (0) [Femnceon)].

Let us go from the group G to the universal enveloping algebra Env(g) and preserve notations
for representations. Let us take as f the function fp equal to the 1 identically. Then for X € Env(g)

we have
(Ra(0, X) fo)(€m) = %én)m—m © 1)@ (E,7), (5.14)
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(Ror-n(X,0)fo) (€)= @Aén)ﬂ @ty (X)) s (). (5.15)

Right hand sides of formulae (5.14) and (5.15) are just covariant and contravariant symbols of
operator D =, (X) in polynomial quantization, see § 3.

Let us change the position of arguments in ZA:EA, then we have a new representation fiA of (N}’,
namely, R, (g1,92)= ﬁ,\(gg, g1) - Using the realization of R, on the section I, we see that the tensor
product A ® B) intertwines the representation R) with the representation R_ A—s - Passing from
I' to & and replacing A by —\— 3, we obtain that the operator c(A\)A_,_,,® B_)_,, intertwines
the representation }A%_A_% with the representation R, and transfers contravariant symbols to
covariant ones. It has the kernel By(§,n;u,v), i. e. it is precisely the Berezin transform.

REFERENCES

1. Berezin F.A. Quantization on complex symmetric spaces // Izv. Akad. Nauk SSSR, Ser. mat., 1975. V. 39.
Ne 2. P. 363—402. English transl.: Math. USSR-Izv., 1975. V. 9. P. 341-379.

2. Berezin F.A. A connection between the co- and the contravariant symbols of operators on classical complex
symmetric spaces // Dokl. Akad. Nauk SSSR, 1978. V. 19. Ne 1. P. 15-17. English transl.: Soviet Math. Dokl., 1978.
V. 19. Ne 4. P. 786-789.

3. Kaneyuki S. On orbit structure of compactifications of parahermitian symmetric spaces // Japan. J. Math.
1987. V. 13. Ne, 2. P. 333-370.

4. Kaneyuki S., Kozai M. Paracomplex structures and affine symmetric spaces // Tokyo J. Math. 1985. V. 8.
Ne 1. P. 81-98.

5. Loos O. Jordan Pairs. Lect. Notes in Math., 1975. 460 p.

6. Molchanov V.F. Quantization on para-Hermitian symmetric spaces, Amer. Math. Soc. Transl, Ser. 2, 1996.
V. 175. P. 81-95.

7. Molchanov V.F., Volotova N.B. Polynomial quantization on rank one para-Hermitian symmetric spaces //
Acta Appl. Math., 2004. V. 81. NeNe 1-3. P. 215-232.

8. T'sykina S.V. Polynomial quantization on para-Hermitian symmetric spaces with pseudo-orthogonal group of
translations. International Workshop «Idempotent and tropical mathematics and problems of mathematical physics»,
Moscow, Aug. 25-30, 2007. V. 2. P. 63-71.

9. Vershik A.M., Gelfand I.M., Graev M.I. Representations of the group SL(2,R) where R is a ring of
functions // Uspekhi mat. nauk, 1973. V. 28. Ne 5. P. 83-128. English transl.: London Math. Soc. Lect. Note Series,

1982. V. 69. P. 15-110.

ACKNOWLEDGEMENTS: The work is partially supported by the state program of the Ministry
of Education and Science of the Russian Federation Ne 3.8515.2017/8.9.

Received 2 September 2017
Molchanov Vladimir Fedorovich, Tambov State University named after G. R. Derzhavin, Tambov, the

Russian Federation, Doctor of Physics and Mathematics, Professor of the Functional Analysis Department,
e-mail: v.molchanov@bk.ru

1245



ISSN 1810-0198 Bectuuk TT'V, 1.22, BoIn. 6, 2017

VIIK 517.98
DOI: 10.20310/1810-0198-2017-22-6-1235-1246
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Mb1 npeyraraeM HOBBII TI0X0JL, K TIOJIMHOMUAJILHOMY KBAHTOBAHUIO (BAPDUAHTY KBAHTOBAHUS
B ayxe Bepesuna) Ha nNapaspMUTOBBIX CUMMETPUYECKUX MIPOCTPAHCTBAX € UCIIOJIbL30BAHUEM
mousaTus "HaArpynns". DTOT MOJXOJ] JAaeT KOBAPUAHTHBIE U KOHTPABAPUAHTHBIE CUMBOJIBI
U peobpa3oBaHe BECbMa eCTECTBEHHBIM U ITPO3PAIHBIM CIIOCOBOM.
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