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On the Fourier transform of functions from a Lorentz space Ls;
with a mixed metric

The classical inequalities of Bochkarev play a very important role in harmonic analysis. The meaning of
these inequalities lies in the connection between the metric characteristics of functions and the summability:
of their Fourier coefficients. One of the most important directions of harmonic analysis is the theory of
Fourier series. His interest in this direction is explained by his applications in variousfdepartments of
modern mathematics and applied sciences, as well as the availability of many amnsolved problems. One
of these problems is the study of the interrelationships of the integral propertieshof functions and the
properties of the sum of its coefficients. The solution of these problems was dédicated toithe efforts of many
mathematicians. And further research in this area are important and interesting problems and can give
new, unexpected effects. In the article we receive a two-dimensional analog of the Bochkarev type theorem
for the Fourier transform.

Keywords: Lorentz Space, Hausdorff-Young-Riesz theorem, Bochkarev’s theorem, Cauchy-Bunyakovsky
inequality, Helder’s inequality.

Introduction

This article is devoted to the Hardy-Littlewoodyinequalities for an anisotropic Lorentz space. This
inequalities characterize the connection between the Fourier coefficients and integral properties of the
function. The study of relationship between\the integrality of a function and the summability of its
Fourier coefficients has been the subject of many papers. There are well-known classical results in this
direction, such as Parseval, Bessél, Riesz, Hardy-Littlewood, Palley, Stein [1,2], also modern works
[3-11] and others. However, thé Hausdorft-Young-Riesz theorem does not extend to the spaces L, if
r # 2.

In 1997 Bochkarev S.V. [12] established that, in contrast to the spaces L,,, 1 <p <2,1 <r < oo,
in the Lorentz space Lo ;2 < < oo the direct analogue of the Hausdorff - Young - Riesz theorem is
not satisfied. And‘he derived upper bounds for the Fourier coefficients of functions from Lo , replacing
the Hausdorff-Young-Riesz theorem and proved that for some class of multiplicative systems these
estimates are,unstrengthened.

Theorem (SaV. Bochkarev). Let {¢y, },2; be an orthonormal system of complex-valued functions on
0, 1

fnll < M, n=1,2,...

and let f € Ly,, 2 <17 <oo. Then the inequality

1
sup
neN |n|% log(n + 1)%7

n
1 Z a;kn < CHfHLQJJ
" m=1

o0

holds, where a,, are the Fourier coefficients of the system {¢,} - ;.
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In 2015 an analogue of Bochkarev’s theorem was received for the Fourier transform of a function
from the space Lo ,(R).

N
Theorem A [13]. Let Ry = {A = |J A;, where A; are segments in R}, then for any functions
=1
fe Ly, (R), 2<r<oo the following inequality holds:

1
sup sup —
N>8AC§RN |A\2 logy(1 4+ N)z27r

/ F©)de| < 230 f 1.

The aim of this article is to obtain a two-dimensional analog of the Bochkarev type theorem for
the Fourier transform. To do this, we need to introduce the following definitions:

Definition 1 [14]. Let p = (p1,p2), T = (r1,72) and satisfy the following conditionsi0 < p € oo,
0 < 7 < co. The Lorentz Space L;[0,1]? with a mixed metric is defined as the set ofiall Méasdrable
functions defined on [0, 1], for which the norms are finite:

B 1
1 1 1 1 T1 d R’ ;{‘1)‘ d "2
— = 11 to
0 = W s = | [ (25 | [ (700 )5 dty
t to
0 0 to
in the case 0 < 7 < oo, and

1 1

1Nl Lp0e = suptgt to3f "2 (fpy t2)

t1,t2
in the case ¥ = oc.
Definition 2 [15]. Let f € Ly (R?). Its two-dimensional Fourier transform is defined by the following
formula:

]8(51752): / /f(l'l,$2)€_2Wi($1€1+$2£2)dwlde-

—00 =00

Main results

To prove theamain theoremy it is necessary to prove an auxiliary lemma:
Lemma. Let % < qges< 2 and f € Lq’Q(R2). Then for any measurable sets A; and As of finite
measure in Ry the inequality

sup  sup //’f §1,§2 d§1dés <

A1CRN A2CRN ‘A1’q1 ’A2‘CI2
A Az

<o) ()
holds.

Proof. We consider the following inequality

/ / f(&1,&)d61ds| =

1 Az
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— / / / / f(21, z0)e 2™ 01812282 gy do | dE1dEs| <

1 Ay 00 —00
< |Ay]| Ay / / (@1 2)|dzrdes = [ Ay Asl |1 (1)

and from the Cauchy-Bunyakovsky inequality and from the Plancherel theorem we have:

//f £1,62)dE1des| < |A1|3| A2 (A// (&1, 52 d&dEz =

D=

1 A2 1 Ag
(2)
3
1 1
=il ([ [ (rlona) dodes | = anl Al i
1 Az
Consider representation (2) f = foo + fo1 + fio + fi1 constructéd like the following.

Let 0 < 1,10 < 00, X, (a:l) be a set characteristic function €2,
Quy = {(w1,22) ¢ [f(21,22)] > FR(T1582) } U ex,,
where e,, is a measurable subset {(z1,z2) : | f(z1,%%)| = *' (71922)} such that:
1(Qz,) = T
This set is always available, since for a fixed xs
pif(wr, 29[S (@1, w2)| > [ (11, 22)} < 71,

pid (z1,®2) = [ f (21, 22)[ > f7(T1,22) }-

Denote by gg and g1 the funetions
go(x1,22) = f(z1, 962))(9902 (1),

g1(w1,x2) = f(x1,22) — go(21, 72).

In turn, each function'gp, g1 can be represented as

g0 = foo + fo1, 91 = fio + f11.

Let
Wo = {z2 € (0,00) : [|go(, 22) ||z, > (lgo(-s x2)[IL,) ™ (72)} U e,
where
eo C {x2 € (0,00) : [[go(-s 22)ll, = (llgo(-, z2)||L,)**(2)}, pa(Wo) = 72,
and
Wi ={x2 € (0,00) : [[g1(-sz2) [z, > (lg1 (-, 22)l|£,) ™ (T2) } Uen,
where

e1 C{z2 € (0,00) : [|g1(-,z2) L, = (910 22)|£0) }s p2(Wh) =
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Then
Joo(z1,22) = go(w1, 2)xw, (T2), for(x1,22) = go(x1,22) — foo(x1,22),
fio(z1, 22) = g1(z1, z2)xw, (1), fui(zr,22) = g1(x1,22) — fio(z1, z2).
Thus representation is constructed
[ = foo+ for + fio + f11.
Then for an arbitrary 7 = (71, 72) € (0,00)?, we get
| [ i ede] <
1 Az
< foo(&1, &2)dE1d| + for(&1,&)de dés| 48
/] /]
+ fro(€1, E9)dErdEs| + f11(61, E9)dErdEs| 'S Rt I+ I3 + Iy
/] /]

For I we use inequality (1) and get the following estimate

I < !A1HA2\M1M2//\foo(l“l,@)\dxldm-
0 0

2 3
I < | Aol (A/ (A Joulen&)de | de | <

“+o0 400

3
S’Azﬁ /// /f(n x1,x2)e 2”1£I$Z£2diﬁ1d$2d§1 dé& | <

1 —00 —00

1
2 2
§|A2|% (A//fm T1, w2)e 28 dpydey | e P82y | dEy |

Applying Plancherel theorem, we get

Now let us estimate Iy

— 2

N

400 +00
I < |A2|% / //fm(ml,l‘z)e2”””1510@16151 dry | =
A A N
+o00 +00 2 %
= | 4,2 / //f01($1,$2)€_2m$1£1d$1d€1 dra | <
50 Ay 5o
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+oo [/ 400 2 1/2
< C|A|As|> / /|f01($17$2)|dx1 dzo
Let’s estimate I3
I = / / Fro(€1, E2)dérdes| =
1 Az

+o00 +o00

= /// /f10(961,902)eZﬂixlflx"’&dmdmdfld& <

1 A2 —00 —00

+oo| 400

/ / / / fro(z1, z2)e ™18 gy | dée” 2282 degdiry <

Ay Ag —00

“+oo| 400

§C|A2’// /flo(xl’x2)e—2ﬂ'i$1§1d$1d€1 dIQ.
Alf o0

Using Cauchy-Bunyakovsky inequality, we obtain

Fo0| +00 2\ 2
I3 < C|As|| Ay |2 / / /f1o(:c1,xz)e_%m&dxldgl dry <
A1 — OO o0
1
+o0 +o0 2\ 2

< C|As|| A / / / Fio(@n, za)e 2™ qiagy | | das.

-, \47 o

Using Plancherel theoremgwenget tlie following

+oo [ | +oo 2 %
1
I3 S C’A2HA1‘§ / /flo(xl,xg)dxl dxg.

Applying forsl, Cauchy-Bunyakovsky inequality and Plancherel equality, we get the following estimate

I = //fll(fl;&)dfldfz < |Ap|M3] Ag| M2 (A//fn (€1,&2) d§1d§2 =

1 Az 1 Az

+00 +o0 2

= |A1]V/2] A, |12 / /|f11 (21, x9)|? dz1das

Substituting the obtained estimates into relation (3), we have
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—+00 400
// (&1,&2)dE1dEy <\A1|A2|/ /|f00 r1, vg)|dr1dTo+
1 Ao —00 —00
1
+o00 [/ +o0 2 2
1
rfaals | [ | [ lnGoraa)ldn | doa |+
1
+oo / 400 2
1
HAzHAl\?/ /\f10(371,$2)2d$1 dxo+
+00 +o0 2
+‘A1|%’A2|% //|f11(a:1,x2)\2da;1dx2
Further
5
// (&1,&2)d&1dEs| < |A1||A2|/ /f*1 t)dt: | dita+
1 Ag to
00 o) *2 2 %
1
Halaaft | [ | (fsregan’] | an| o+
0 T to
00 o) *2\ 3
1
A S o2 | ) e
0 0 to
1
e'e] [e'e] *2 2
1 1
+|Ar|2[Ag]2 / /(f*l(tl,'))thl dt, | =
T2 71 to
=J1+ Jo+ J3+ J4.
Now we estimate each term. To estimate J; we use Helder’s inequality
if Tk i\ dt
Ji = |A4| IAz\/t )2 /tfltflf*l(tl,-)l 2 <
11 to
0 to

2 o 1 2
= = dt dt
< |A1|[Az] /th2 /(ﬁ“f“(%')) -1 =
t to
0 0
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N
NI

T2
— |4l Al £z, / it d
0

I\ % / 11
q 2 q 7 7
= | 4[| As|l|flx, <21> (;) P =

1
q 2 Q2 2 1= 1o
= |4,]|A i IF N
Al () () ™ o

To estimate the term Jy we also use Helder’s inequality

0 el *\ 2 %
1
= aliaaft | [ [ ) ) | <
0 ts
1
[ Ry S dt *22tdt§
:|A1||A2|% / t§2t2 a2 /tfltflf*l(tly')tl 2002 <
1 (5]
T2 0 to
T 200\ dt :
<ialaalt | [ | [ (mvptag) €] ) -
t to
72 0 to
o 5 T1 o 1/2
. /tl_q2 /tﬁdtl diz )
2 - t
T2 0
1
A NA 1 ootl—%dtg ’ I tql dtl
= 2 _ J—
el 81y | [0 ) (] (6) S
T2 0
1_1
Since g2 < 2, the second intégral is estimated in terms of 7'22 2 So
|
q & 27 g9
I < 1A AalE g () i) =
1
_ 1 T 21— f-o
—‘A1HA2’2‘|fHLqé <2(C]1—1)> 1 Ty
Now we estimate .J3
T2 ) *2\ 2
1
g= sl [ ooz ) | -
0 T1 to
1
= V. N2 gty ) §tdt
— gl [ | ([ (e maan ) B | B
ty 22
0 71 to 2
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We use Helder’s inequality

1
11 2 1 ® 101 th 2 dt ’
N I N A O I I
T1<t1 <00 t1 to
0 T1 to
TNy 3
X /<t2 "2) 2) =
t2
0
1 11 (7 2(1—i)dt2 :
S P I A
@ T1<t1 <00 t?
0
1 11 q_1 q2 2
= |A1|2]|A o 2 — .
Al gy (55 )
It remains to estimate the last integral
1
T [/ o0 *2 2
1 1 9 21152 g o2
nzimfiaaft | [ [orworas e mian |
0 T2 t2
Since g2 < 2, we get
1
i < 11 th *th 21111
Ji < |A1]2|Ag|2 / /<tflt§2f*l(t1,.)> Tll ?22 o, ?<
0 T2 to

11 1_ 1

Thus, we have

[SIE
[N

//f(£17€2) < 1fllLys (\AlHAﬂ (2((11(11_1)> (2((;2_1)) X

A2

1_
2

1
1 Q@ 2 P 1, 1 3= 3-%
+|A1]2| Az (2(%_1)> T Ty P A2 |l T ).

(ﬂﬁil))_l and T = @, we get

Choosing 71 = A [Az]
[ [ i) <, (AH'A?' () ()
1 Az

Mathematics series. No.3(111)/2023 145



N.T. Tleukhanova, G.K. Mussabayeva, M. Manarbek

11 1 _q
q1 a1 1 _q q2 92 1 4
X [ ————— Aq|a <) Aol T+
<2(Q1 - 1)> 144 2(g2 — 1) 142

1 14
1 q 2 a1 a1 L
+A¢||A 2< > ( ) Ao X

D=
—

q1 —
2 ue 11
g <2(qz—1)> Al )
//f(fl,fz) <

1 Az

We get the following inequality:

1 1 <£;,%) (;; >
o 5 q1 & a2 2
< MIA[F |4y (2(q1_1)> (—2<Q2_1)> .

D=

or

Fle &2)dg1des| <

Al 42 ] ]

() () i

Taking the least upper beundeveriall A; C Ry and A, C Ry, we obtain the assertion of the lemma,
that is,
i s [ [|f6.6)]dade <

AlCﬁRN<A2C$hv‘141%h|142ym Ay A

1 1

<o) () i

where [A| is the number of elements in A.
Theorem. Let @y, mo (21, 22) = ©my (T1) - Yy (2), m1,m1 € N be an orthonormal bounded system
of functions. Then, for any f € Lif(RQ), where 2 < r1,ry < oo the inequality holds:

1
sup sup + X

a2 2o | A3 Ag? (logy (| A | + 1))2 771 (logy(| Ao + 1))

A]CN  ApCN

S

r

©

< [ []iene)]dda <151,

Ay Ao
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Proof. Let |A1],|A2| > 8. Then for any (g1, g2) such that 1 < q1,¢2 <2 and f € L5 the following
estimate is true

1Ly < IFllzs Mz, 00 (4)
11,1 1 _1_1 :
where =35+ =3 7% Now we consider
: =
1 1 7‘1 rld ﬁd N
t1 to
1 = trLs - =
o= | [ [ ) &
0 \0
1 - /1 -
_ / i(ds)dn | / w(ad)di )
= t t =
i1 to
0 0
gl N
w7 B, i EN
_ 1 ' 1 2<<QCI1 >T/1<2(I2 )Té
Tl(i_%> ré(i_l> T \2-aq 230

Applying Lemma 1, we get
// |Feibt) | derdes <
| Ay]or !A2\"2

1 1

< (g () v

Taking into account (4), we getsthe following inequality

2.1 ‘f £1,€2) ‘d§1d52<c<(ql_1)> (%-3) (2((;2_1))(;2 )

|Ay| o a !Azlq2 ke A1 Rae A,
20 \7 [ 2
a1\ @\
X( )1< >2Hf!L2r
2—q 2—qo

Taking into.account the arbitrariness of parameters ¢; and go, we set

1

21 A
Q1=1 ogy |A1] <2,
0gy [A1] +2
21 A
q2:1 0g; [As| <2,
0gy [Aa| + 2
1 1 1 1 1 1
Lol s A = AR =242, |Aafe = 2|dg).

1 ~
W!Z‘f@l’&)‘d&dﬁﬁ

Mathematics series. No.3(111)/2023 147



N.T. Tleukhanova, G.K. Mussabayeva, M. Manarbek

(&) (%-3)

1 1
logg [Aq] logg [Ag]

1 1

- 11 11
2 (2 Tog; |A1\) 2 (2 Tog; \A2|>

L

1
x (logy |A1])" (logy |A2))™ || fl|L, -

Considering |A1], |A2| > 8, we get the following estimate

1
|A1]2|As|2 (logy | As])

51752 dérd&; <.C1/f ||z,

1
(logy | Az))* 7

1
7‘

D=

Aj Ag
Taking the least upper bound over all A1 and As from N, we get

1
sup sup X

=S 4125 | A) (3| Ay} (logy (| At 19)2 71 (logs (| Aa| +1))2”

A1CN, A,CN,

M\H
G\H

x//(f@l,&){d&dfz <Clfly,

A1 Ag

Conclusions

The results obtained in this study specifically the Bochkarev-type inequality in a space of a mixed
metric, allow us to effectively address problems concerning Fourier series multipliers [16-18].

References

1 Bepr 1. Uisrepuonsimonnsie npoctpancrsa / 1. Bepr, 1. Jleberpem. — M.: Mup, 1980. — C.
264.

2 Stein E.My Interpolation of linear operators / E.M. Stein // Trans. Amer. Math. Soc. — 1956. —
83.4 No. 2. — P. 482-492.

3 Hypcyaranos E.J1. O koaddunuenrax kparubix psjios Pypoe / E.JI. Hypceynranos // Uzs. PAH.
Cep. mar. — 2000. — 64. — Ne 1. — C. 117-121.

4 Hypcynranos E.JI. Ceresble npocrpancTsa u HepasencTsa Tuna Xapau-JIurrasyna / E.JI. Hyp-
cyaranoB // Mar. ¢6. — 1998. — 189. — Ne 3. — C. 83-102.

5 Nursultanov E.D. Interpolation properties of some anisotropic spaces and Hardy-Littlewood type
inequalities / E.D. Nursultanov // East J. Approx. — 1998. — 4. — No. 2. — P. 277-290.

6 Kopezhanova A. Relations between summability of the Fourier coefficients in regular systems

and functions from some Lorentz type spaces/ A. Kopezhanova, E. Nursultanov, L.E. Person //
Proc. A. Razmadze Math. Inst. — 2010. — 152. — P. 73-88.

148 Bulletin of the Karaganda University



On the Fourier transform of ...

7

10

11

12

13

14

15

16

17

18

Kanrakbaesa A.M. O cymmupyemoctu kKoaddurmerntoB @ypbe dyHKIMI n3 mpocrpancrsa Jlo-
penna / A.M. 2Kanrakbaesa, E.JI. Hypcynranos // Mar. xypu. — 2013. — 13. — 1(47). —
C. 73-89.

Zhantakbayeva A.M. Hardy-Littlewood type theorems / A.M. Zhantakbayeva, M.I. Dyachenko,
E.D. Nursultanov // Eurasian Mathematical Journal. — 2013. — 4. — No. 2. — P. 140-143.
Kopezhanova A.N. On summability of the Fourier coefficients in bounded orthonormal systems for
functions from some Lorentz type spaces / A. Kopezhanova, L.E. Person // Eurasian Mathematical
Journal. — 2010. — 1. — No. 2. — P. 76-85.

Jpsaenko M.U. O6 ogHOM KJ1acce METOI0B CyMMUPOBaHUsT KPATHBIX psajoB Oypwe / M. bs-
vgenko // Mar. ¢6. — 2013. — 204. — Ne 3. — C. 3-18.

Hpsraenko M.J. Teopema Xapan-JInTTiByaa A1 TPUTOHOMETPHIECKUX PAIOB C @=MOHOTOHHBIMHA
koaddurmenramu / M. JIpsiuenko, E.JI. Hypcynaranos // Mar. ¢6. — 2009. <2000+ Ne 11. —
C. 45-60.

Boukapes C.B. Teopema Xaycnopda-FOura-Pucca B npocrpancTeax JIopeHna @ My /IbTHILITKA-
tusHble HepasencrBa / C.B. Boukapes // Tp. MUPAH. — 1997. — 219. — @»103-114.
Mycabaesa K. Hepasencrso tuna Boukapesa / I'K. Mycabaesa /) Beer. Kazax. nam. yu-ra.
Cep. Maremaruka, Mexanuka, nadopmaruka. — 2014. — Ne 3(82) 4 C. 12-18.

Mussabayeva G.K. Bochkarev inequality for the Fourier transform®f functions in the Lorentz
spaces / G.K. Mussabayeva, N.T. Tleukhanova // Eurasianmathematical journal. — 2015. — 6.
— Ne 1. — P. 76-84.

Mussabayeva G.K. On the Hardy and Littlewood inequality in'the Lorentz space L, / G.K. Mus-
sabayeva // PrePrint CRM. — 2013. — 157. —<P. 1=14.

Tleukhanova N.T. The problem of trigonemetric Fourier series multipliers of classes in A, 4 spaces
/ N.T. Tleukhanova, A. Bakhyt // Bulletimof the Karaganda university. Mathematics series. —
2020. — No. 4(100). — P. 17-25.

Tneyxanosa H.T. O mynprunmukaropax psyioB @ypbe no cucreme Xaapa / H.T. Tneyxanosa,
A H.Bammuposa // Mathematical Notes, — 2021. — 106. — Ne 6. — C. 940-947.

Tleukhanova N.T. On trigonémetric Fourier series multipliers in A, ; spaces / N.T. Tleukhanova,
A. Bakhyt // Eurasianmathematical journal. — 2021. — 12. — Ne 1.— P. 103-106.

H. T4 Taeyxanona, I"K. Mycabaesa, M. Manapbek

JLH. Iymuaes @moirdaen. Eypasus yammus ynusepcumems, Acmana, Kaszaxeman

Apanaciwerpukanbl Ls; JlopeHi| keHicriringeri ®Pypbe
dYyHKITUATIaPBIHBIH, TYPJIEHIIPYJAepi >KaiijTb

L 'apMOHUKAJIBIK TaIIayda KJIACCUKAJIbIK BboukapeB TeHCI3AIKTepl Te MaHbI3/Ibl POJI aTKapa ibl. By TeHCI3aiK-
TEPiH, MOHI (DYHKIUSIIAPIBIH, METPUKAJBIK, CHIATTAMAJIApbl MeH oJapablH Pypbe Koah UImeHTTepitiy
KOCBIHAIBICHI apACHIH/IAFbl OalJIaHbICTa YKATHIP. | apMOHUKAJIBIK, TAJIAYABIH MaHbI3Abl OArbITTAPBIHBIH, Oipi
Dypbe KaTapapblHbIH Teopusicbl. OHBIH OYJI cajiara JereH KbI3bIFYIIbLIBIFBI Ka3ipri MareMaTuKa MeH KOJI-
JMaHOAJIBI FBUTBIMIAPIBIH OPTYPJIl caTaIapblHIa KOJIAHBLIYbIHA, COH/IAN-aK KOITEreH IIEITiIMEreH MoCceIe-
Jiepis, 60stybiHa GaitanbicTel. Ockl MakcaTTapabiH 6ipi DYHKIMSIHBIH HHTErPAJLIK KACKETTEP] MEH OHbIH,
K03 DUIHEHTTEPIHIH, KOCBIHIBICBIHBIH, KACHETTEPl apachblHaarsl OaiylanbicThl 3eprrey. Kenreren marema-
TUKTEP/IiH eHOEKTEPI OChI €CEIITEP/Ii IIENTyTe apHAJIbl. Byl camagarsr opi Kapaifbl 3epTTEyIep MaHBI3/IbI
2K9He KbI3BIKTBI 3epPTTey OOJIbII TaObLIA bl 2KoHE KaHa, KYTIEereH HOTUKejepre okelayl MyMmkin. Makasaga
®Dypbe TypJieHyi yIIiH BoykapeB THNTI TeOpeMaHBIH, €Ki OJIIIIEM/] aHAJIOTBI aJIBIHFAH.

Kiam cesdep: Jlopen kenicriri, Xaycunopd—Aur—Puc reopemacst, Boukapes reopemacst, Komu-BynsakoBckuii
TeHCi3miri, Xesbep TeHCi3/Iiri.

Mathematics series. No.3(111)/2023 149



N.T. Tleukhanova, G.K. Mussabayeva, M. Manarbek

H.T. Tneyxanona, ['K. Mycabaesa, M. Manapbex

Espasuiickutl nayuonarvorul yrusepcumem umeny JI.H. Dlymunesa, Acmana, Kaszaxcman

O npeobpazosanuu @Pypbe dbyHknuii B npocrpancrse Jlopenna Ly -

CO CMeNIaHHO MeTpUuKOii

Knaccuueckne nepaBencTBa BoukapeBa UrparT oUYeHb BayKHYIO POJIb B TapMOHUYIECKOM aHajmu3e. CMbICT
9TUX HEPABEHCTB 3aKJIIOYAETCs B CBSA3U MEXKJy METPUYECKMMM XapaKTePUCTUKAMU (DYHKIUH U CyMMU-
pyeMocTbio uxX Koadpdunmentos Pypre. OTHUM M3 BayKHEUIINX HAIPABJIEHUN TAPMOHUYECKOTO AHAJIHA3A
sapysieTcs Teopusi psanoB Pypre. Ero muaTEpec K 3TOMY HANpPABICHUIO OOBSCHSETCS €r0 MPUIOKEHUSMN B
Pa3JIMYHBIX Pa3/iejaX COBPEMEHHOM MaTEeMATUKHY U IPUKJIA/IHBIX HAYK, & TAKXKEe HAJIMYAEM MHOIUX HepelleH=
HbIX pobsieM. OHOM U3 TaAKUX 3a/1a49 SIBJISIETCS] M3yYeHNe B3AMMOCBsI3eil MHTErpaIbHBIX CBOMETB (DYHKIINY
¥ CBOMCTB CyMMBI ee Ko dunmenToB. Penrennio stux 3a71a4 6bLIHN TTOCBSAIIEHBI YCUINS MHOIMX MaTEMATH-
KoB. U nasnbHeiinme ncciemoBanus B 910 06JIaCTH sIBJISIOTCS] BAXKHBIMUA U MHTEPECHBIMMU 38 [a8aMU M MOT'Y'T
MPUBHECTH HOBBIE, HEOXKUIAHHBIE 3 deKkThl. B maHHOI cTaThe MBI MOIyYaeM JIBYMEPHBIA aHAJIOI TEOPEMBI
tuna boukapesa myis npeobpasoBanus Pypbe.

Kaoueswie caosa: mpocrpanctso Jlopenia, Teopema Xaycaopda-HOura-Pucca, Teopemayboukapesa, Hepa-
BercTBo Kommn-BynsikoBckoro, Hepasernctso enbaepa.
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