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A.V. Abanin (Rostov-na-Donu, Russia), Pham Trong Tien (Hanoi,
Vietnam)
avabanin@sfedu.ru, phamtien@mail.ru

DYNAMICS OF CLASSICAL OPERATORS IN WEIGHTED SPACES
OF HOLOMORPHIC FUNCTIONS!

It will be given a survey of some recent and new results concerning various properties
of classical operators in weighted spaces of holomorphic functions in the unit dick or
the complex plane defined by radial weights.

We will discuss the main results from [1], [2] where it was developed a new approach
to study boundedness and compactness of the differentiation and integration operators
and from [3] where Tien extended and partially improved some previous results by
Chan and Shapiro on dynamical properties of the translation operator.

The next point of the survey will be devoted to our new results concerning invariant
subspaces and cyclic elements of the integration operator. Recently, Aleman and Koren-
blum [4] and Constantin and Peldez [5] have proposed two different methods to study
this problem in weighted spaces of holomorphic functions. From some reasons these
methods can be applied to only those weights that have a very special form. We develop
a new technique that allows us to give a complete description of invariant subspaces
of the integration operator for a wide family of Bergman, Fock, Bloch, and Dirichlet
spaces given by weights of a general type. We show also that this technique works as
well for the differentiation operator.

REFERENCES

1. Abanin A.V., Pham Trong Tien. Differentiation and integration operators on weighted Banach spaces of holomorphic
functions. Math. Nachr. 2017. Vol. 290 (to appear). DOI: 10.1002/mana.201500405.

2. Abanin A. V., Pham Trong Tien. Compactness of differentiation and integration operators on weighted Banach spaces of
holomorphic functions. Collect. Math. 2017. Vol. 68 (to appear). DOI: 10.1007/s13348-016-0185-z.

3. Pham Trong Tien. Translation operators on weighted spaces of entire functions. Proc. Amer. Math. Soc. 2016. Vol. 145,
No. 2, pp. 805-815.

4. Aleman A., Korenblum B. Volterra invariant subspaces of H”. Bull. Sci. Math. 2008. Vol. 132, No. 6, pp. 510-528.

5. Constantin O., Peldez J. A. Integral operators, embedding theorems and a Littlewood-Paley formular on weighted Fock
spaces. J. Geom. Anal. 2016. Vol. 26, No. 2, pp. 1109-1154.

O.T. ABcanakun (Pocros-ua-/lony)
avsyanki@math.rsu.ru

MHTETPAJILHBIE OITEPATOPHI BOJIBTEPPOBCKOT'O TUTIA C
OTHOPOJIHBIMU APAMMN

[Iycrs B, = {x € R™: |x| < 1} u 1 < p < 0o. Paccmorpum Becosoe 11pocTpaHcTBO

Lyo(By) = {f(2): fx)o"(|z]) € Ly(Bn)},

IThe research of A.V. Abanin was supported by Russian Foundation for Basic Research under Project 15-01-01404
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rjie v(t) — HenpepbiBHasi U HOJyMyJIbTUIIMKATUBHAsE DyHKIMs, Takast 1ro v(t) > 1.

B npocrpancrse Ly, ,(B,,) paccMoTpuM HHTErpasibHLIN OnepaTop

(Ko)(z) = / k(r,y)e(y)dy, =z €B,,

2<Jyl<1

npejnoaras, 9ro dyukiws k(x,y) onpegenena va R" x R™ u yjposierBopsier cyey-
FOIIUM YCJIOBUSIM:
1) k(az,ay) = a "k(z,y), Va > 0;
2) k(w(z),w(y)) = k(z,y), Vw € SO(n);
3) | |f \k(er, )|yl Po(ly|™) dy < oo, rae e = (1,0,...,0).
yl>1

Hazosem cumBosiom oneparopa Al — K dyHKIuio

o(m, €) = A — / Kler, 1) Poler - )yl "7 dy.

ly|>1

rie ¥y = y/lyl, Pn(t) — muorowiens: Jlexkanapa. CuMBOJI 3a/12€TCs1 HA HEKOTOPOM
KOMIIaKTe, 3aBucsiiemM or Becosoil dyukiuu v(t). [Tokazano, 4T0 HEBBIPOXK JIEHHOCTD
cumBosia 0 (m, €) sBJIsieTcst HeOOXOIMMBIM U JIOCTATOUHBIM YCIOBUEM OOPATUMOCTH OI1e-
paTopa Al — K.

Obo3naanMm depes 2 HAMMEHbBINYIO0 3aMKHYTYIO M01a/re0py 6aHaxoBOi aareOpbl
L(Ly(B,)), conepxaryio Bce oneparopsl Al — K. Anrebpa 2 xommyTarusna. s
aareOpbl A MOCTPOEHO CHMBOJHIECKOE HCUYHCICHHE, B TEPMUHAX KOTOPOIO IMOJIyYeH
KPUTEPUil 00PaTUMOCTH OIIEPATOPOB U3 ITOI ajrebphi.

B kauecTBe cieJicTBHST pacCMOTpPeH citydait 6essecoBoro npocrpancrsa Ly (B,,).

A. Akbulut (Kirsehir, Turkey)
akbulut72@gmail.com

SOME EMBEDDING THEOREMS ON THE NIKOLSKII-MORREY
TYPE SPACES

In this study, the Nikolskii-Morrey type spaces were introduced and studied. Some
embedding theorems are obtained in these spaces with the help of Nikolskii type integral
representation.

This work was supported by the Ahi Evran University Scientific Research Projects
Coordination Unit. Project Number: FEF.A3.16.023.

REFERENCES
1. Akbulut A., Eroglu, A. and Najafov A. M. Some Embedding Theorems on the Nikolskii-Morrey Type Spaces. Advances in
Analysis 2016. Vol. 1, No. 1, pp. 18-26.
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2. Besov O. V., Il’'yin V. P. and Nikolskii, S. M. Integral representations of functions and embeddings theorems. M. Nauka.
1996.

T.M. Andreeva, A.V. Abanin (Rostov-na-Donu, Russia)
metzi@Qyandex.ru, abanin@math.sfedu.ru

THE SURJECTIVITY OF CONVOLUTION OPERATORS ON
HOLOMORPHIC WEIGHTED SPACES IN BOUNDED CONVEX
DOMAINS

Let G be a domain in C and H(G) the space of all holomorphic functions in G.
For a continuous function (a weight) v : G — R define the Banach space H,(G) :=

{f c H(G) : ||fllo := sup |f(2)|e ) < oo}. For an increasing sequence of weights
z€G

V' = (vy,) define the inductive limit VH(G) := indH,, (G).

Let p be an analytic functional on C carried by a convex compact set K. Under some
restrictions on a weight sequence which are similar to those used by V.V. Napalkov
(|2]) we study the continuity and surjectivity of the convolution operator px* f(z) : f +—
tw f (2 + w) that maps VH(G + K) into (onto) VH(G). We establish the surjectivity
criteria for the convolution operator in terms of its Laplace (Fourier-Borel) transform

A~

a(¢) = p.e*! via an appropriate description of the spaces that are conjugated to
VH(G+ K) and VH(G).

The main results are the following:

1) We obtain a criterion of continuity for the convolution operator px : VH(G +
K) — VH(G);

2) We establish a functional criterion of surjectivity for convolution operator in terms
of the closure of the image of the multiplication operator f + jif that is conjugate to
1%

3) In the case v,(2) = n|z|*, a > 0, we find out a criterion of surjectivity for
convolution operator in terms of regular growth of i (the lower estimate on || outside
some exceptional set).

A similar research was presented in [1] for the spaces of functions that are holomorphic
in a convex domain and have a polynomial growth near its boundary (the weight
sequence v,(z) =nln(l + |z|)).

The research was supported by Russian Foundation for Basic Research under Project

15-01-01404.

REFERENCES
1. Abanin A. V., Ishimura R., Khoi L. H. Convolution operators in A~ for convex domains //Arkiv for matematik. - 2012.
- T. 50. - No. 1. - C. 1-22.
2. Napalkov V. V. Spaces of analytic functions of prescribed growth near the boundary //Math. USSR-Izv., 30:2 (1988),
263-281.
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A.B. Anronesuud (Musnck, Besocrok), E. FO. JleonoBa (Mutck)
antonevich@bsu.by, genieleo@mail.ru

BAPUAIIMOHHBIN TPUHIINII JJId ITPOJTOJI2KEHN A
OVHKITMOHAJIA

Bapuayuonmvim npunyunom s byukiuonada [, 3aannoro a npocrpancrse C(X)
HEeIIPEePLIBHLIX (DYHKINN Ha KOMIAKTHOM MPOCTPAHCTBe X, HA3LIBACTCS €TI0 IIPEICTaB-
JIEHHE B BHJIE

f() = sup {/X p(x)dp — g(u)} , ¢ € C(X), (1)

neM

rje g ectb GyHKIMOHAJ Ha conpsikentoMm npocrpancrse C(X) u M ecrs HekoTopoe
nogmuo)kecTBO B C(X)'

B npunoxkenusx dbusndeckuii cmbics umeer GbyHknusg a(r) = e?) u f mopoxgaer
dbyuxmonan F(a) = f(lna), onpenenensiii Ha orkpsitom konyce K C C(X), cocro-
SIIEeM U3 CTPOro MOJIOXKUTEbHBIX (pyHKImi. Ho ycioBue cTporoi mosioKuTebHOCTH
(byHKIINN @ He ompaBIaHO (PU3NIECKH, B CBSA3M C UeM BO3HUKAET 3a/1a9a O ITPOJIOJKEHUH
F na 3amxuyThiil Konyce K, cocrosinmit n3 neorpunarenbupix Gynxumii. OcobennocTs
9TOM 3a/1a1U1 3aKJII0IAETCS B TOM, UTO, Jlaxke ecin (PyHKIMOHAJ F' HelpepbiBeH, y HEro
MOZKET He CYIIECTBOBATH HelpepbIBHOrO mpojomkenns Ha K. Wccienoanne sToii 3a-
Jadn moTpedboBao 0O0OIEHNsT HEKOTOPBIX KJIACCHYECKUX Pe3ysabTaToB. B dacTHOCTH,
MOJIYIEHO CJIeJIyIolIee YTBEPIKIeHNe, KOTOPOe siBJIsieTcsi 000bIeHnemM reopeMmbl IuHu.

Teopema 1. Ecau monomonno youi6aouas nociedosamesvbHocms noAYHenpepble-
nolx ceepry pynruud f, na xomnaxmmom npocmpancmee T crodumea moyvewro % f,
mo gynryus [ maxoce nosynenpepoiena ceepry u

lim max f,(¢) = max f(¢).

n—oo teT tel

Teopema 2. Ecau 6 npedcmasaenuu (1) pynrkyuonanra f mmuoocecmeo M oepanuye-
1o u cocmoum u3 (nososrcumervnux) mep, mo y dynkyuonasa F na K cywecmeyem
MOABKO 00HO MOHOMMONKOE U NoAyHenpepuisnoe céepry npodoascenue F na K u das
2MO20 NPOYONHCEHUA CNPABEONUS BAPUAULUOHHBIT NPUHULUT,

Fa) = sup { /X In ax)dj — g(,u)} CaeK

neM

E. G. Bakhtigareeva (Moscow, Russia)
salykai@yandex.ru

AN OPTIMAL IDEAL SPACE FOR A CONE OF DOUBLE
MONOTONE FUNCTIONS
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Let Tp € (0,00], Y =Y(0,T)) be an ideal space (shortly: IS), generated by ideal
quasinorm (shortly: IQN) p; let M be the set of measurable almost everywhere finite
functions, My ={f e M : f > 0}.

h(t) . h(t) }
Ki=qheY :0<h(t), —=<1,—= T¢;px,(h):=ph),Vh € K;. 1
1 T R S P ORTEY ST
Here, p,1 € C(0,2Ty) are given functions, \(t) := % oA e A Ne Ay &
SUDye(0,77) [%} < 0. Next, we fix ty € (0,7)) and consider
() (t)
ho(t) = ., t€(0,tg]; ho(t) = —=, tE€ (ty,Tp). 3
o(t) () (0, 20];  ho(?) o(to) (o, To) (3)
We have 0 < }Z’((tt)) 4, 0< }f;((tt)) 1. Let the condition be satisfied
p(ho) < oco. (4)
Then hy € K. Next, let the condition be satisfied, and : for V7 € (0, Tp)
A(t)
0, Tt by ). 5
Gt oo 0T Oy b )

Consider the operator Ay :  M(0,Ty) — M4 (0,Tp) (norm taken by 7):

(7)

T)Y(7)
Theorem 1. Under the conditions above consider the functional po(f) = p(Aof),
here Ay is the operator (6). Then, py is an IQN, and the space Xo = Xo(0,Ty) =

{feY |fllx, = p(Aof) < oo}, generated by po, is an IS, Xo CY'; moreover Xq is
minimal among all IS X = X(0,Ty) for embedding K; — X.

This work is supported by The Russian Foundation for Basic Research (pr. No. 15-
01-02732).

(6)

(of)(0) = 900 | L

Loc (OvTO)

REFERENCES
1. E.G. Bakhtigareeva. Construction of Optimal Ideal Spaces for Cones of Nonnegative Functions. Mathematical Notes. 2016,
Vol. 99, No. 6, pp. 810-820.

A. A. Belyaev (Khimki, Moscow region, Russia)
alexei.a.belyaev@gmail.com

MULTIPLIERS ON BESSEL POTENTIAL SPACES

The objective of the talk is to give a complete description of the multipliers acting
between Bessel potential spaces Hj(R") and HJ(R"), provided some assumptions on
the indices s, p, t, q.
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The importance of this problem in the case s > 0, £ < 0 for the correct definition of
elliptic operators with singular coefficients was pointed out in the paper of M. I. Neiman-
zade and A.A. Shkalikov [1]. Our final result in this direction (see [2|, where some
important partial cases were considered) is the following.

Theorem 1. Let s, t > 0, p, ¢ > 1, p < ¢ and let additionally either s > t and
s>n/port>sandt>n/q Then
Here p/ and ¢’ are Holder conjugate numbers to p and q.

Also we shall present an analogue of Theorem 1 for nonnegative smoothness indices
s>n/pand t > 0.

Theorem 2. Let p, ¢ > 1, s > n/p, t > 0 and let additionally p < q, s —n/p >
t —n/q. Then

MIH(R") = HY(R™)] = H. i (R).
In the case when the Strichartz-type condition s > n/p does not hold, under some
additional assumptions, we establish continuous embeddings of the type

similar to the continuous embeddings, established earlier for the space M[Hj5(R™) —
Hy'(R™)] and for the space M[H}(R") — H_*(R")] (sce [1] and [3] respectively).
Some results from the joint unpublished paper with A.A.Shkalikov will be used in
the talk.
The research was supported by the RNF grant No 14-11-00754.

REFERENCES
1. Neiman-Zade M. I., Shkalikov A.A. Strongly elliptic operators with singular coefficients. Russ. J. Math. Phys. 2006.
Vol. 13, No. 1, pp. 70-78
2. Belyaev A. A. Characterization of spaces of multipliers for Bessel potenti- al spaces. Math. Notes. 2014. Vol. 96, No. 6,
pp. 634-646
3. Belyaev A. A. Multipliers in Bessel potential spaces and singular pertur- bations of elliptic operators (Ph.D. dissertation).
2016. Lomonosov Moscow State University.

G.I. Botirov, U.U. Qayumov (Tashkent, UZBEKISTAN)
botirovg@yandex.ru

FUNCTIONAL EQUATIONS FOR THE POTTS MODEL WITH
COUNTABLE SPIN VALUES ON A CAYLEY TREE

The infinity state Potts model with external filed is defined by the formal Hamiltonian

H(o’) = — Z J$y5U($)7g(y) - Z go(w)('x%

<z,y>€L eV
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where J,, € Ris the interaction energy along edge < z,y >€ L, &(x) = (..., &1, &2, ...) €
R> represents the external filed, and ¢;; is the Kronecker delta symbol (i.e., d;; = 1 if
i = j and §;; = 0 otherwise).

To be more precise, for a given vector filed z € V- — h(z) = (..., hi(z), ho(z),...) €
R>. Fix a probability measure v = {v(i) > 0,7 € Z} and n = 1,2,... consider the
probability distribution 4™ on Q. defined by

,LLZ(O’n) - Z{l exp <6Hn(0'n) + 5 Z hon(:v)(x)> H V(O-(x))7 (1)

zeW, eV,

is the inverse temperature, Z,, = Z,(5, h) is the normalizing factor. The
Viy .

where [ = %
probability distributions p™ are compatible if for any n > 1 and 0,,_; € ®

> o1 V) = i (1),
wp €OWn

Here 0,1 V w, 1s the concatenation of o,_; and w,,.

Theorem 1. Probability distributions ™ (a,), n =1,2,... in (1) are compatible
iff for any x € V' the following equation holds:

(0 —1)ehiv + 3 ehno 41

hi,x = Z In OOnGZO , 1€ Lo
yes(x) O+ > ey
n€Zyg

Here, and below h; , = exp(h;y — hoy), @ € Zo and hy = (..., h1z, hoy,...) € R™.

REFERENCES
1. Rozikov U. A. Gibbs measures on Cayley trees// World Scientific, 2013, p.385.

E. Burtseva (Lule4, Sweden)
Evgeniya.Burtseva@ltu.se

BOUNDEDNESS OF WEIGHTED HARDY OPERATORS IN HOLDER
SPACES

We prove boundedness of weighted multidimensional Hardy type operators in Holder
spaces. We obtain the necessary and sufficient conditions for such boundedness in the
settings both with and without compactification of R".

The talk is based on the joint paper with L.-E. Persson and N. Samko.
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B. G. Vakulov, Yu. E. Drobotov (Rostov-on-Don, Russia)
bvak1961@bk.ru, yu.e.drobotov@yandex.ru

TWO-POLE RIESZ TYPE POTENTIAL IN GENERALIZED HOLDER
SPACES

The problem to be considered is of investigating conditions for smoothness of the
two-pole Riesz type potential operator over R”

(I°f) / do, zeR",
NI lz — o™ \9:—|—J|na

where R” denotes the one-point compactification of R”, r(z,y) = |z — y| is the

Euclidean distance.
One of the ways to determine smoothness is using the terms of the generalized Holder
spaces. The generalized variable Holder space H*() is determined by the following

Mr(wfaxvt)
ol + sup )
00 = I lciawy + sup =008

norm:

where Q C R”, w is a weight function, C' denotes the space of continuous functions
and the local continuity modulus is
M,(f,z,t) = sup |f(z) = f(y)l,
yeQr(x,y)<t
where 7 is the notion for a metric.
Earlier, the two-pole Riesz type potential operator over a unit sphere "' C R" was

considered [1]. It has been proved, that the operator improves smoothness of functions
from H} (S“‘l, p) exactly by an order JRa, where

HyY (S™p)={feC"(S"): M, (DFf, ) < cw(t)},

D¥ denotes the sphere differentiation operator from a special class, p(z) = |z — al”,
0 < p < n,and z,a € S" 1. Here, stereographic projection v is applied in order to
extend the results to the case of integrating over R™:

2|z —y| Jy— 2"y

) _ﬁa
JMF+1¢WF+1 (W!+Q

where .,y € R*, € = v(x), 0 = v(y), £, € S™.

REFERENCES
1. Vakulov B. G., Karapetiants N. K. Operatory tipa potenciala na sfere s osobennostyami na polyusah. Doklady Akademii
Nauk. 2003. Vol. 392, No. 2, pp. 151-154.

€~ of =
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D.V. Gorbachev, V.I. Ivanov (Tula, Russia), S. Yu. Tikhonov (Barcelona,
Spain)
dvgmail@mail.ru, ivaleryi@mail.ru, stikhonov@crm.cat
BOUNDEDNESS OF THE RIESZ POTENTIALS FOR DUNKL
TRANSFORM

Let R C RY\ {0} be a root system, R, positive subsystem, G(R) C O(d) reflection
group, and k: R — R, G-invariant multiplicity function.
Let also vg(z) = [ e, |(a, )| et = [h e~ 2y (x) de, dpg(z) = cpop(z) de,

1/p )
p>1 |Ifll, = (fRd If]P duk) be the norm in LP(RY, djuy).

Define the Dunkl transform of f by Fi(f) and the generalized translation operator
by 7V f. If k =0, then Fi(f) is the usual Fourier transform and 7¥f(x) = f(z + y) is
the translation operator.

Set Ay = d/2 — 14> ,cp, k(a). S. Thangavelu and Y. Xu defined the weighted

Riesz potential operator I¥ on Schwartz space S(RY) by

) = @) [ @l day),
where d¢ = 271 (o /2) )T (M + 1 — /2), 0 < a < 2X\; + 2.
We are interested in the inequality

2| 5 fllg < el By, psa, k)l 1l

on S(RY), with the sharp constant c(a, 3,7, p, q, k).
Theoreml.[f1<p§q<oo,fy<2’\’jT+2,5<%,7+620,0<a<2)\k+2,
and o« — vy — 3 = (]l? — %)(2)% + 2), then c(a, B,7,p,q, k) < 0.
If v = = 0, Theorem 1 was proved by S. Hassani, S. Mustapha and M. Sifi. If
k = 0, Theorem 1 was proved by G.H. Hardy and J.E. Littlewood (d = 1), S. Soboleff
(d>1,v=p=0), EXM. Stein and G. Weiss (the general case).

Theorem2.If1<p<oo,fy<2’\’]%2,6<%,a>0, and v = o — 3, then

F()\k+1 . Oé;ﬂ)l"()\k'/'rl . g)
c(a,B,7,p,p,k) = 27— L . (1)
DAt 4 ef)p(detl 4 2

If £ = 0, equality (1) was proved by LW. Herbst ( = 0) and W. Beckner (the
general case).
The authors were supported by RFBR N 16-01-00308.
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R. C. Guerra (Aveiro, Portugal)
ritaguerra@ua.pt

ON THE INVERTIBILITY PROPERTIES OF A CLASS OF INTEGRAL
EQUATIONS INVOLVING COSINE AND SINE KERNELS AND
THEIR ASSOCIATED CONVOLUTIONS

We consider a class of integral equations characterized by kernels of cosine and sine
type and study their solvability. Moreover, we analyse the integral operator T, which is
generating those equations, by identifying its characteristic polynomial, characterizing
its invertibility, spectrum, Parseval type identity and involution properties. Additionally,
new convolutions are introduced, associated with T, for which we deduce corresponding
factorizations properties. This is based on a joint work with L.P. Castro and N. M.
Tuan.

R. C. Guerra is supported by Portuguese Foundation for Science and Technology
(FCT) through the Ph.D. scholarship PD/BD/114187/2016.

V. Guliyev (Kirsehir, Turkey and Baku, Azerbaijan)
vagif@guliyev.com

CHARACTERIZATIONS FOR THE FRACTIONAL MAXIMAL
OPERATOR, RIESZ POTENTIAL AND THEIR COMMUTATORS ON
ORLICZ SPACES

In this talk, we shall give necessary and sufficient conditions for the strong and weak
boundedness of the fractional maximal and Riesz potential operators on Orlicz spaces.
Cianchi [1] found necessary and sufficient conditions on general Young functions ¢ and
U ensuring that these operators are of weak or strong type from L% into LY. Our
characte-rizations for the boundedness of the above-mentioned operators are different
from the ones in [1]. Moreover, we also give characterizations for the boundedness of
the commutators of fractional maximal and Riesz potential operators on Orlicz spaces
2]

This work was supported by the Ahi Evran University Scientific Research Projects
Coordination Unit. Project Number: FEF.A3.16.024.

REFERENCES
1. Cianchi A. Strong and weak type inequalities for some classical operators in Orlicz spaces. J. London Math. Soc. 1999.
Vol. 2, No. 1, pp. 247-286.
2. Guliyev V. S., Deringoz F. and Hasanov S. G. Riesz potential and its commutators on Orlicz spaces. accepted in J. Inequal.
Appl. 2017.
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P.B. Janmaksua (EpeBan, Apmenust)
dallakyan57@mail.ru

OB OJHOM IIPEJCTABJIEHUN ®YHKIIUN KJIACCOB A

UccnenoBanuio BecoBbix mpocrpancts AP (0 < p < +o00, —1 < a < +00) aHAIATH-
4eCKUX B eJuHuIHOM Kpyre |z| < 1 dbyukuuit [1, 2, 3|, oupejessiembix ycjaosuem

2w

1
//(1 — ) ‘f(rew)‘prdrde < +o00
0 0

HOCBSIIEHO MHOXKECTBO pabOT M3BECTHBIX CIIEIUAJIUCTOB.

JlokJ1aJ1 MOCBSIIEH YCTAHOBJIEHHOMY HEJAaBHO aBTOpPOM [4] 00600MIeHw0 OHOTO U3
naitiennpix M. M. Jlxpbamsanom B 1948r. npejcrasiennii kinaccop A2 (=1 < a <
+00). A umenno, yrBepsjienus o ToM, uro ecan f(z) € A2 npu xakom-nu6o —1 <
a < 400, TO PyHKIIUS

«

po(z) =

™

1 /(1 — )T fpz)dp

NpUHAJICKAT Kiaaccy Xapau H2 B |z| < 1, u umeeT MeCTO HHTErPATTBHOE MIPEICTABICHUE

2w .
1 wo(e'?)db
f(z):—/ ()M, 12| < 1.
2T (1 _ 6—292) 2
0
(em. Teopemy V B [1], a makxke [2]). Kak ormeueno B [1], panee, mpn o = 0, 310

npeJjicraBjienue ObL10 yeranosaeno M. B. Kesibimiem.

JUTEPATVYPA
1. Jorcpbawar M. M. O upobneme upeacrasumoctu anasurudeckux dyuakumit, Coobus. uucr. Mar. u Mex. AH Apwmsaunckoit
CCP. 1948, Brim. 2, cTp. 3-40.
2. Djrbashian A. E., Shamoyan F. A. Topics in the theory of A? spaces. Teubner-Texte zur Mathematic, Leipzig, 1988.
3. Hedenmalm H., Korenblum B., Zhu K. Theory of Bergman spaces. Springer Verlag, New York, 2000.
4. Hannraxan P.B. O mipencTaB/ieHUM OHOTO KJIACCa AHAJIUTUYIECKUX B €IMHUYIHOM Kpyre dyukrmii. Haydmrsie BemoMocTu
BenlV. cepua mar.-du3. 2013, T. 5(148), Bom. 30, cTp. 61-67.

B. B. [eunucenko, B. M. /leynask (Pocros-na-/lony, Poccus)
ru.victa@gmail.com, vl.deundyak@gmail.com

OBb OI'PAHNYEHHOCTU NHTEI'PAJIbHBIX OIIEPATOPOB C
OJHOPOJHBIMU dJPAMU HA I'PYIIIE 'EI3EHBEPTA

VeioBusi OIPaHMYEHHOCTH MHOI'OMEDPHbBIX MHTEIPaJIbHBIX OIIEPATOPOB € OJIHOPO/IHbI-
Mu siyipamu B ipocrpaticrse Ly(R™), rie 1 < p < 400, nonyvenst H. K. Kapanersmmem
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[1], [2]. Hesb nacrosimei paborsr — nepenoc pesysasraros H. K. Kapanersinia na kiace
MHTErPaJbHLIX OIEPATOPOB C OJHOPOIHBIMU sIAPAMHU, JIEHCTBYIOMUME B IIPOCTPAHCTBE
L,(H,), rne H,, — rpymma Teiizen6epra. Hanomnum, uaro rpymmoit I'efizenbepra Ha3bi-
Baercst muoxkectBo H, = C" x R ¢ oneparueii:

V(z,7r), (w,q) € H, :  (z,7)(w,q) = (z+w,r + ¢+ 2Im(z - w)),
(em. [3], c. 209).

JUTEPATVYPA
1. Kapanemany H. K. O HeoOXOQUMBIX yCJIOBUAX OTPAHUYEHHOCTH ONIEPATOPA C HEOTPUIATEbHBIM KBA3UOJHOPOIHBIM APOM
// Maremaruueckue 3samerxku. 1981. T. 30, Ne 5. C. 787-794.
2. Karapetiants N., Samko S. Equations with Involutive Operators. Boston: Birkhauser, 2001, 427 p.
3. Krantz S. G. Explorations in harmonic analysis: with applications to complex function theory and the Heisenberg group.
Boston: Birkhauser, 2009, 360 p.

F. Deringoz (Kirsehir, Turkey)
deringoz@hotmail.com

PARAMETRIC MARCINKIEWICZ INTEGRAL OPERATOR AND
HIGHER ORDER COMMUTATORS ON GENERALIZED WEIGHTED
MORREY SPACES

In this talk, we present criteria for the boundedness of parametric Marcinkiewicz
integral operator and its higher order commutator with rough kernels on generalized
weighted Morrey spaces based on the works of Guliyev [1] and [2].

This work was supported by the Ahi Evran University Scientific Research Projects
Coordination Unit. Project Number: FEF.A3.16.011.

REFERENCES
1. Guliyev V. S. Generalized weighted Morrey spaces and higher order commutators of sublinear operators. Eurasian Math.
J. 2012. Vol. 3, No. 3, pp. 33-61.
2. Guliyev V. S. and Aliyev S. A. Boundedness of the parametric Marcinkiewicz integral operator and its commutators on
generalized Morrey spaces. Georgian Math. J. 2012. Vol. 19, No. 2, pp. 195-208.

.,B. Iukapes (Korbyc, 'epmanus)
dikarill@tu-cottbus.de
CYIHIECTBOBAHUWE PEILHIEHN A OBOBH[EHHOI;'I SAJTAYN
OIITUMAJIBHOTI'O YIIPABJIEHNA C BECKOHEYHBIM
IroOPN30HTOM

B pabote paccmarpuBaeTcst 06001IeHHAS 3312498 OITUMaJILHOTO YIIPaBJIEHHs ¢ 6eCKO-
HEYHBIM TOPU30HTOM U KOMITaKTHOM o0J1acThio yripasienus U C R™. Jlonycrumbie Tpa-
EeKTOPUU PaCCMaTPpUBAIOTCs BO B3BemeHHOM (Co00JIEBOM IPOCTPAHCTBE W21 (R ).
Bec v Bwibupaercst TakuMm 00pas3oM, uTobbl BhinoHsioch Y(RTT) < oco. Beogures
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Kaace MG crienuajibHbIX ceMeficTB (=1 fi; }1er+ BEPOATHOCTHBIX MED fi; JIJIs [IPHMEHE-
HUA K 3ajladaM ylIpasJenus ¢ beckoneunblM ropuzontoM. Kiace M7 crpoutes 1oj00-
HO MHOXKeCTBY Iy 0000IIEHHBIX yipaBieHuii 1, BeegerroMmy Favkpennize B |1].

BBoust Ha ocu BpeMeHnn HEKOTOPYIO Mepy (, Ompejesis KIace MCU KaK MHOYKECTBO
dbyHKIHOHAIOB T U3 JBOficTBerHOrO pocrpancTBa Co(RT X U)* Buja 7 = p® ¢ u 1o-
nyuast uzomopduzm M ~ MV Gbuia nosryduena TeopemMa o CymecTBOBAHUU PEIICHUS
cJejytorieit 3a1a9u 0000IIEHHOIO ONTUMAJILHOIO YIIPaBJICHUSI:

T 7) = 7(r(t 2(1), v)) = /O N { /U Pt (1), v)dut} dc = Min!

/ftx v)dpy 1.8, x(0) = xo,

x e Wy (RY,v),
T E MC’ U C R™ — xoMnaxr.

JUTEPATVYPA
1. Gamkrelidze R. V. Principles of Optimal Control Theory. Plenum Press. 1978.
2. Bypbaxu H. VHTETPUPOBAHUE: Mephl Ha JIOKAJIbHO KOMITAKTHBIX MPOCTPAHCTBAX, MTPOIOJIXKEHNE MeDhl, MHTErPUPOBAHIE
Mep Ha OTIeIHMBIX IpocTpancrsax. ''Hayka’”. 1977.

I1. A. UBanos (Pocros-na-/lony, Poccust)
pavel_rsm@mail.ru
C. H. MenuxoB (Pocros-na-/lony, Bnagukaska3, Poccus)
melih@math.rsu.ru

OIIEPATOP IIOMMBE B ITPOCTPAHCTBAX I'OJIOMOP®HDBIX
®YHKIINN MHOTX KOMILJIEKCHBIX IIEPEMEHHBIX

N
ITycrs Q;, 1 < j < N, — obmacru B C, cogepxamue 0; Q := [] Q;; H(Q2) — upo-
j=1
crpancTBo Pperre Becex dhyHKImit, roomMopdubix B {2. Oupegesnm dacTHbie OlepaTopbl
[Tommbe:

F@)—f(1setj—1,0,t 41,0t N) tj # 0

D; l) = ; |
],O(f)( ) f(t17 R 7tj_1707 tj—|—17 c 7tN)7 t.] = 07

u nosoxkum st o = ()%, € Nif, e No := NU {0},
o Qg aN
DO . D170 R DN,O'
Omnepatop [ToMMbe 10APOOHO UCCIEOBAH B PA3IMIHBIX TPOCTPAHCTBAX TOJOMOPGhHBIX
dbyukuuit npu N = 1: onucanbl N€PEeCTAHOBOYHBIE ¢ HUM ONEPATOPBI, €r0 MUKJINIECKUE

BEKTOPLL, OH HPUMEHsLICS pu u3ydenuu psijos Heiorona u ocrarkos psiios Teitnopa
mgist rostomopdubix dyuknuit (em. [1]).
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B noknajie uier pedn o coiictax oneparopos DY, o € N, n acconmmmposannbix ¢
HuMu oriepaTopos cusura 1, z € €. OcHoBoii onpejesenns oneparopos T, siBjsiercst
pasernctso 1.(f) = >, 2°Dg§(f), cupasemmusoe st muorowienoB f. C mOMOIIBIO

aeNY
orepaTopoB capura onncan KommyTtant K(Dy) cucremsr {Dj: 1 < j < N} B KosbIe
BCeX JIMHEHNbIX HenpepoiBibix B H (§2) omepaTopos. B TomosornieckoM conpskeHHOM
H(Q) x H(Q) BBegeno ymuoxkenue o dyHkiponanos. OHo obiajaer TeM CBOHCTBOM,
aro anrebpa (H (), 0) msomopdua kommyTanty K(Dy) ¢ OOBITHBIM OMEPATOPHBIM
ymuoxkerueM. Asrebpa (H (), o) msomopdna takzke npocrpanctsy Hy(CS2) pocrkos

N

Beex dynkmmit, roromopdunix na [[(C\ Q) n obpamaonmxcs B 0 B 6eCKOHETHBIX
j=1

Toukax, ¢ ymuoxenneM (f,g) — (—1)Vz; -+ 2ng(2)h(2).

JUTEPATVYPA
1. Usanosa O. A., Meauzos C. H. O6 oneparopax, liepecTaHOBOYHBIX C OrIepaTopoM Tuia [JIoMMbe B BECOBBIX IIPOCTPAHCTBAX
nesbix GyHkumit. Anrebpa u amamm3. 2016. T. 28, Ne. 2, cTp. 114-137.

O. A. BanoBa (PocroB-na-/lony, Poccusi)
neo_ivolga@mail.ru

OBb AJITEBPE AHAJINTUNYECKNX ®YHKIINMOHAJIOB,
OINIPEJEJIIEMONM OIIEPATOPAMUI OBOBIIIEHHOI'O CJABUTA

B pabote [1]| ommcanbl onepaTtopsl, JUHEHHO W HEMPEPBIBHO JICHCTBYIONE B HEKO-
TOPOM CYETHOM WHJIYKTHBHOM mpejesie £ Becosbix npocrpancts Operre reibix (B C)
dbynkuuit u nepecranosodnble B Hem ¢ orneparopom llommbe Dy 4, acconunpoBaHHbIM
¢ Hekoropoil dpyuknueit gy € E. Ilycrs E' — Tonosornueckoe conpsizkennoe K F. Kax
nokazaio B |1, kommyrant K(Dy 4, ) oneparopa Dy 4 B KOJIbIle BCEX JHHEHHbIX Helpe-
PBIBHBIX Orepatopos B E uzomopden ajarebpe £’ ¢ oneparmeil yMHOXKeHUs (CBEPTKH)
®, OLPEJIEISIEMON ¢ TIOMOIIBIO OllepaTopa ¢iBura Jjis oneparopa [lommbe. B jiokiase
1T pedb 0 CBOfCTBax 3Toit anrebpol. Jokazano, 1to anrebpot (£, ®) u (Do 4, ) Tax-
XKe 1 Tomosiorndeckn nzomopdubl, ecin B’ cnabputs ciaaboit ronosorueit, a (Do 4,)
— TOMOJIONHEH MOTOUeYHON cxouMocT (Korja B E BBejiena ciabast Tonosorus). Yka-
3aHHas "TOmoJOrnIHOCTE" m30MOpd U3Ma MPUMEHSIETC S IPY PEIIeHNN 3aaUN O IIPE/I-
crapisiennu oneparopos u3 K(Dy 4 ) B Buge Dy, o-onepaTopoB GECKOHEUHOrO HOPSIJIKA.
Kpome Toro, onucanbl MyJIbTUILIMKATUBHBIE (DYHKIIMOHAJBI Ha 3TUX aJiredbpax. Kcin
dyHkIus gy He uMeer HyJiel, TO Takoi (pyHKIMOHAJ ejJMHCTBeHeH. B obiem ciydae
takux pyaknuonajos "wa 1 6osbine | gem myneit y go. CyImecTBeHHBIM MOOYIUTE b
HBIM MOTHBOM K JIAHHOMY MCCJIEJIOBaHWIO Mocaykuna craths B. A. Tkauenko [3]. B [3]
YCTAHOBJIEHBI TTOJIO0HBIE CBOMCTBA KOMMYTAaHTA, ONEpaTOpa 000OIEHHOTO UHTEIPUPOBa-
Hust [p B CHJIBHOM COMpsizKeHHOM K BecoBomy (LB)-mpoctpancTBy 1esbix (yHKITHIA,
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POCT KOTOPBIX OTPeJIeNIsAeTcss HEKOTOPOil p-TPUTOHOMETPUIECKHU BBITYKJION (DyHKITHEN.
[Ipu sTom oneparop Ip sABisiercst conpsizKennbiM K oneparopy ITommbe Dy r, Tie P —
HEKOTOPBI# MHOTOUIeH. [IpuBesennbie pesysnbrarhl noaydersbl copmectrno ¢ C.H. Me-
JIMXOBBIM ¥ OTYOJMKOBAHBI B [2].

JUTEPATYPA
1. Heanosa O. A., Meauxos C. H. O6 oneparopax, MepecTaHOBOYHBIX € OIIEPATOPOM THIa IIoMMbe B BECOBBIX IPOCTPAHCTBAX
nenbix Gyskmit. Asrebpa u anasms. 2016. T. 28, Ne. 2, crp. 114-137.
2. Usanosa O. A., Meauzos C. H. O6 anrebpe anaauTuyeckux (pyHKIMOHAJIOB, CBA3AHHON ¢ omeparopoM ITommbe. Biaau-
KaBK. mareM. xkypH. 2016. T. 18, Ne. 4, cTp. 34-40.
3. Tkauenxo B. A. O6 oneparopax, KOMMyTUPYIOIIKUX ¢ 0OOOIIEHHBIM MHTEIPUPOBAHUEM B IIPOCTPAHCTBAX AHAJIUTUIECKUX
dyukmmonasaos. Marem. 3amerku. 1979. T. 29, Ne 2, cTp. 271—282.

A.C. KanutuH, A.U. NUHo3emues (JIunenk, Poccus)
kalitvinas@mail.ru inozemcev.a.i@gmail.com

O ®PEJT'OJIMOBOCTHU OJTHOI'O TUIIA YPABHEHUII C
MHOI'OMEPHBIMU YACTHBIMU NHTEI'PAJIAMNI

B mpoctpatcrse HenpepbiBabix Gyuknuii C(G), rae G = [a, b] X [c,d] X [e, f], pac-
cMaTpuUBaeTCs (PPEAroJIbMOBOCTEL YPABHEHUST

b d
x(t,s,u):/ [(t,s,u, 7)x(T, s, u) dT+/ m(t, s,u,o)x(t,o,u) do+

—|—/f n(t,s,u,v)x(t,s,v)dv + f(t,s,u) = (Kx)(t,s,u) + f(t,s,u) =

=((L+ M+ N)x)(t,s,u) + f(t,s,u) (1)

¢ HenpepwbiBHBIMU yHKIMAME [, m, n, f. Oneparoper K, L, M, N ¢ nHenyieBbIMA siapa-
Mu He KoMIakTHbl. OTcioja ciejyer, uro ypasaenue (1) He siBiistiercst ppejirosbMOBbIM
B 00IIEM CJTydae HempepbiBHbIX sjep [, m, n. B pabore [1]| conepxkarcst kpurepuu dhpeji-
rOJIbMOBOCTH JIMHEHHBIX ONEPATOPOB U ypaBHeHuil ¢ yacTHbiMU uHTerpajamu B C(G), B
ciaydae G = [a, b] X [¢, d]. B nannoii 3amerke npuBojurcsi Kpurepuit hpejiroybMoBoCTH
omeparopa I — K u ypasuenus (1) 8 C(G) = C([a,b] x [c,d] x [e, f]).

Ecan obparumbt oneparopnt [ — L, [—M, I—-Nu (I-L) ' =I1+R;, (I-M)! =
I+R,,, (I-N)"! = I+R,, rie sapa 9acTuIHO NHTErPaIbHBIX onepaTopos Ry, Ry, R,
wenpepbiBHbl, 10 [ — K = O[] — B1g— Bis— Bog— Bia), 1ie © = (I—L)(I—M)(I—N),
Bis=LM + RoLM + Ri{LM + RoR{ LM, By3 = LN + R3LN + R{LN + R3R{LN,
Bos = MN 4+ RsMN + RoMN + R3RoM N, a Biog — KOMIIAKTHBII HHTErpaJibHbIII
oneparop B C(G). Ecim reneps (I — Bya)™ = I + Ryg, (I — Bi3)™' = I + Rys,
(I—ng)_l = I+R23, 0l —K = @A[I—ngg], riae A= (I—Blg)(I—Blg)([—ng>,

a Hi93 — MHTErpaJbHBII OllepaTop ¢ HEMPEPLIBHBIM SIJIPOM.
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Taxum obpazom, uz ooparumoctu onepatropoB I — L, I — M, I — N, I — By, I — B3,
I — Bz B C(G) crnepyer dpearonbmoBocts oneparopa [ — K. Bepro u obparhoe
yTBEPK JIeHHE.

Teopema. ITycmv dynkyuu l,m,n u f nenpepwenv. Tozda ¢ C(G) dpedzorvmo-
eocmv onepamopa I — K u ypasnenus (1) pasnocusvno, obpamumocmu onepamopos
I—L,I—M,I1—N,I— DBy, I— B3, I — Bsg.

JUTEPATVYPA
1. Kanumeun A. C., Kasumeun B. A. Vlurerpasbpusie ypaBaerusi Bosabreppa u Bosbreppa-®@pearoabma ¢ YaCTHBIMU HHTE-
rpagavu. Jlumenk, 2006.

A. Karapetyants (Rostov-on-Don, Russia), S. Samko (Faro, Portugal)
ON A CERTAIN NEW CLASSES OF BERGMAN TYPE SPACES

We present a new general approach to the definition of mixed norm Bergman space
A%X(D), 1 < q¢ < oo on the unit disc D. We study a problem of boundedness of
Bergman projection in this general setting. Second, we apply this general approach for
the new concrete cases when X is either Orlicz space or generalized Morrey space, or
generalized complementary Morrey space, or generalized Orlich-Morrey type spaces.

L. P. Castro (Aveiro, Portugal)
castro@ua.pt

EXPLICIT RESOLVENT OPERATORS FOR BOUNDARY VALUE
PROBLEMS IN DIFFRACTION THEORY

The main aim of the talk is to present how to construct resolvent operators for
certain classes of boundary value problems in diffraction theory. We will use an operator
theory approach to analyse problems of wave diffraction from polygonal-conical screens.
These are formulated as boundary value problems for the three-dimensional Helmholtz
equation with Dirichlet or Neumann conditions on a plane screen of polygonal-conical
form (including unbounded and multiply-connected screens), in weak formulation.
The method is based upon operator theoretical techniques in Hilbert spaces, such
as the construction of matricial coupling relations and certain orthogonal projections.
Various cross connections will be exposed, particularly considering classical Wiener-
Hopf operators in Sobolev spaces as general Wiener-Hopf operators in Hilbert spaces.
This is based on joint works with R. Duduchava and F.-O. Speck.
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A.B. Ko3zak, 1. U. Xauun. (FOxusbiit denepaapHblii yHUBEPCUTET)
avkozak@bmail.ru, dihan@mail.ru

I[MPUBJINKEHHOE PEINIEHUE MHTET'PAJILHBIX YPABHEHUI C
MHOTOMEPHBIMU OIIEPATOPAMMU CBEPTKIM HA BOJIBIIINX
MHOYKECTBAX C KYCOYHO-IJIAJKOM I'PAHUIIEN

B nokiajie paccMaTpuBaeTcsl ypaBHEHKUE TUIIa MHOIOMEPHON MHTErpaJbHON CBEPTKU
B L,(R™) na GOJIbIIOM MHOXKECTBE ¢ KyCOUHO-TUIJIKOil rpanuneil. Mcxommoe Muoxe-
CTBO Pa30MBAETCs Ha HEIEPECEKAIOIMMECs: JaCTh, B KaXK/I0H U3 KOTOPBIX HPUOIUIKEH-
HOe pellleHne UINeTCs OT/AeAbHO. B IeHTpaabHoll YacTH pelleHne UINeTcs ¢ IOMOIIBIO
orieparopa CBEPTKM MO BCEMY MPOCTPAHCTBY, aHAJOTHTHO TOMY KaK 3TO JI€JaJ0Ch JIJIsT
MHOI'OT'PAHHUKOB U JIOKJa/biBaJIoch Ha KoHdepeniuu B 2015 rony. Bmecro oneparopa
CBEPTKU TIO0 BCEMY MPOCTPAHCTBY MOYKHO KCIIOJB30BATH OIIEPATOP CBEPTKHU C MEPUOJIH-
YECKUM SIJIPOM.

B oxpecrnocTn (puKCHpOBAHHOW IPAHUYIHON TOUKM pEIeHNe MPEIIaraeTcss NCKATh
¢ IIOMOIIBIO OIIEPATOPA CBEPTKH 110 HOJIYIIPOCTPAHCTBY, €CJIU YKa3aHHash (DUKCUPOBAH-
Has TOYKA IPUHAJJIEIKUT TJIaJJKOMY YIaCTKY IpaHuIlbl. B OKpecTHOCTAX »Ke OCTaJIbHbIX
I'PAHUYIHBIX TOYEK pPeLIeHNe MOXKHO OIPEIEIUTD YUCACHHO UK C IIOMOIIBIO OIIEPATOPOB
CBEPTKM B HEKOTOPBIX KOHYCaX, €CJIN MOC/eiHAe yaacTcs 3pdeKTruBHO 00paTuTh. Joka-
3aHBI OIEHKU IOIPEITHOCTH B TEPMUHAX OIIEPATOPHLIX HOPM U YOBIBAIOIIMX (DYHKITMI
CIIENUAJILHOTO BHUJA, JOKasbIBaiomue 3pPeKTUBHOCTL MeTOo/1a JJIsi JOCTATOYHO OO0JIh-
IITUX MHOYKECTB.

JUTEPATVYPA
1. Kozak A. V., Khanin D. I. Approximate solution of integral equations with multidimensional convolution operators on
large sets with piecewise smooth boundaries. Boletin de la Sociedad Matemadtica Mexicana. 2016. Volume 22, Issue 2, p. 487-—501.
2. Kosax A. B. JlokanbHbIi npuHnmn B Teopun npoekimonabix metoaos. Joki. AH CCCP. 1973. Tom 212, Ne6, c. 1287-1289.
3. Cumonenro M. B. Oueparopsl tuna ceeprku B konycax. Marem. ¢6.. 1967. 74(116):2, c. 298-313.
4. Cumonenko . b. O6paTuMOCTb OmIepaTopa CBEPTKHU B 60JIbIKX 06/1acTsax. Maremarmdeckue uccirenoBanus. 1980, c. 56-66.

A. B. Kozak, Bb. 4. Illreiitn6epr, O. B. IllTeitn6epr
(Poctos-na-lony, Poccus)
avkozak@bmail.ru, borsteinb@mail.ru, olegsteinb@gmail.com

PA3BUTUE UCCJIEJOBAHNN BEICTPOT'O BOCCTAHOBJIEHN S
CMA3AHHOI'O NUSOBPAZKEHN A

B noknaje paccmarpuBaeTcst 3a/a19a, BOCCTAHOBJIEHUsI CMa3aHHOI'O M300ParXKeH sl 110~
JIYUEHHOI'O PABHOMEPHO Bpalialoiieiicss kamepoit. JJannyro 3a1a4y MOJeJIMpPyeT CUCTEMA,
JINHEMHBIX aJiredpaniecKuX ypaBHEHHI ¢ MUKJINICCKONR MATPUIell CIeIUuaJbHOTO BU/IA.
Dra CJIAY sBisiercst ypaBHeHNEeM CBEPTKHU Ha, [UKJINIECKONR TPYIITE ¢ sSIPOM — XapaK-
TEPUCTUUIECKON (PYHKIUEH cerMenTa.
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Kak 6b110 uccseoano apropamu pasee [1]-[3], paxe npu ujeajbHOM ropusoHTalb-
HOM CMa3e BO3HHMKAET ILIOXO OOYCJIOBJIEHHAsI CUCTeMa ypaBHeHuil. B peasnbnoii 3aaqe
BPAIIAIONIASACA KaMepa PACIOJIOXKeHa M0J| YIJIOM K FOPU30HTY M CMa3 Ha, e MaTpPUIe
IIPOUCXOJANT HE FOPU3OHTAILHO, & 110 HEKOTOPLIM KPUBBLIM, YTO IIPUBOJUT K OOJLIIMM
IOIPEIIHOCTAM ¥ JIeJIaeT BOC-CTAHOBJICHUE M300parKeHust 0e3 ydera TreoMeTPUIeCKUX
MCKAXKeHUIl HeBO3BMOXKHLIM. B pabore ucc/ieoBaibl BOSHUKAIOIINE T€OMETPUICCKUE UC-
KayKCHUST U MPEJIOKEH METOJ UX KOMIICHCAIINN.

B upejbiiymux padborax [1|-[3] ucciegosadics ciydaii, npu KOTOPOM MaTpuia CUcTe-
Mbl JIMHEHHBLIX YpaBHEHUIl, MOJECIUPYIONAsd cMa3 U300parkKenust, HeBbIpoxKieHa. s
3TOTO CJIydas ObUI MOJIydeH OLICTPBIA aJrOPUTM BOCCTAHOBJICHUS M300PasKeHUsT, TPe-
Oyromuit okoJio 4 onepalnuii Ha MKceJib. B jlanHoit pabore paccMaTpuBaeTcs CJy4daii
BLIPOXKJICHHOM MATPUIILI, JIJIST KOTOPOTO TaK:Ke MOJIydeH OblcTphlil aaroputM. C mosy-
YEHHBIM AJIFOPUTMOM IIPOBOJSTCS YNCICHHBIE SKCIIEPUMEHTDI.

JUTEPATVYPA

1. Kosax A.B., IIImetnbepe B.A., [IImeinbepe O.B. YpaBHeHue IUCKPETHONW CBEPTKU C XapaKTepUCTUUECKOHN dbyHKumel
cermenta u ero upusoxenue. B ¢6. «Tpyapt nayunoit wkosst U.B. Cumonenko. Beutyck sropoit», 2015 r., zn-80 F)xuoro
denepanpHOro yuuepcurera, r. Pocros-ua-/lomy, ctp. 157-167.

2. Koszax A.B., IIImetnbepe B.A., [HImetnbepz O.5. OueHka morpentHocTefl mpyu pPeIleHur ypaBHEHWS CBEPTKU i BOC-
CTaHOBJIEHUS CMa3aHHbIX u300pakenuil. Tesucnr mexaynapoauoil koudepenuuu "CoBpemennbie MeToAbl U 1POBJIEMbL TEOPUKU
OIIepaTOpPOB M FAPMOHUYECKOr0 aHam3a u ux npuioxkenus VI".r. Pocros-na-lony. 24 - 29 anpensa 2016 roza.

3. Kosax A.B., IIImeiin6epe B.4., IIImetinbepe O.5. BoicTpoe u TOYHOE BOCCTAHOBJIEHUE CMA3aHHOI'O W300DAKEHUs, TOJLY-
4eHHOr0 Bpalnaoweiics kamepoit. Tpyast Mexaynaposuoit koudepenuuu 10 uporpammuoii unxkenepuu CEE-SECR ’16, October
28-29, 2016, Moscow, Russian Federation (©) 2016 ACM.

B. H. Koznos, A. A. Edpemos (Cankrt-Ilerep6ypr, Poccus)
sailu@ftk.spbstu.ru

K YCTOMYMBOCTN PA3BHOCTHEIX OIIEPATOPOB C
ITPOEKIIMOHHBIMU MHTEPBAJIBHO JOIITYCTUMBIMUI N
OIITUMAJIBHBIMU YIIPABJIEHNAMUN

He#icTByomuil B €BKJIMJIOBOM IIPOCTPAHCTBE YIIPaBJIsieMblil PA3HOCTHBIN OrlepaTop
Thyl = Haxp. + Fuuk, Y = CTE, Tk, = To € D,

4 tne Ep,, € RP™W P G € RPMXPMe TIpornossl Zy, #a [k, k+p|] € N BLIX010B 1
yIpaBJieHnii 3a/laHbl JIMHEHHBIM MHOIM0OOpa3ueM

T
D'y = {Zk:p = (Yap, Usp) | AZky=bi, A= [E,n, |-G] € Rp”yx(mﬁpnu)}’
rne Fyp, € RP"v*PM G € RP'P' | a orpaHndenna — mapaMu

DY ={ Ziy = (i, U)" | 1 Z1l3 < r*}.
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Ouneparop uHTEpBaJbLHO Jlolycrumoro yupasjienust (MJIY) ¢ napamerpamu jiomycru-
moctu 0, € [0, 1] u . = p~ 2}/ (21) npn ynpapienun Mo COCTOSHUIO NMEeT B/

ﬁk (ép, xk) = Ty Pyby (QSk) + épTU POCp_1/2a1/2 (a:k) )
riae bk = bk (:Uk) = cﬁajk, PA = AT<AAT)_1, PO = Eny — PAA

po(6) = 0,561 18- 1/+1) € [0, 1] 10" () = [~ po (IQul?)] . @ =
PacHxy,. TIpoexTop oneparopa UIY (2) Buma

pe (1@ =5 ([1Qe || 1Qul? — (r 2P| 47+ (= 2) e[ = 27]

mmmnes: |a'/? (¢) — a'?(d) | < Lola(c) —a(d)|,Lq € [0,1r% 0,97%] . Dra no-
CTOSIHHAST — KOPPEKTHAsI, eCJiu || QkHQ € {52, (r — 5)2 . «DyHKIUA» TapaHTHPYET KOp-

2 .
PEKTHOCTH KBAJIPATHOIO KOPHs ¢ aprymenTom || Qk||”. Yeroituusocts ciejyer us yciio-
BUS C2KATHUS

| Xk = Xl < H| | X=Xl + 1 F |y ]- 1T | %
(FPall - H |- Hell + 0] - 12| LaLpa | Xi+ Xl - 1D 1) 1 Xk = Xell

OMPEJIEJISIONIET0 MapaMeTPhl HCCJIEyeMbIX omepaTopos |1]
[yl < A=1THI) x (HPA”'HHH lell+

+2(0,| 7 || p& || LaLpa HDH W E |- N Tw )

JUTEPATVYPA
1. Kossaoe B. H. Herytagkue cucreMbl, oneparopbl onrumusaiuu u ycroitausocrs. 3n-8o [lomrexn. yn-ra. CII6. 2012.

V.D. Kryakvin (Rostov-na-Donu, Russian Federation)
kryakvin@sfedu.ru

CHARACTERIZATION OF THE HOLDER-ZYGMUND SPACES
WITH VARIABLE SMOOTHNESS BY THE POISSON INTEGRAL

We consider the Holder-Zygmund space A*C)(R™) of the distributions u (€ S'(R™))
for which the norm

AsO(Rn) *= 21111\1) Suﬂf ‘2k3(x)¢k(D)u($)‘
eN zeR"”

I

is finite (|2]). The variable smoothness s(-) is the bounded real-valued function satisfied
of the log-continuity condition and {t} is the Littlewood-Paley partition of unity.
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Known ([1]) characterization of these spaces for constant positive smoothness s by
means of the Poisson integral

o wlr — _ CnlY
wro) = [ Bt =Dt B0 =

transfers in the case of the variable smoothness s(-) with the use of the condition

0" u(z,y) ‘
sup sup |———
0<y<l zeR» ys(x)—kayk

where k > sup,cpn s(z) and inf cgn s(x) > 0.

REFERENCES
1. Stein E. M. Singular integrals and differentiability properties of functions. Princeton. 1970.
2. Kryakvin V. D. Boundedness of pseudodifferential operators in Holder-Zygmund spaces of variable order. Siberian Mathematical
Journal. 2014. Vol. 55, No. 6, pp. 1073-1083.

M. B. Kykymkuu (2KenesnoBoack, Poccus)
kukushkinmv@rambler.ru

O CBOIICTBE CUJIbHON AKKPETMBHOCTU OIIEPATOPOB
JAPOBHOI'O /INOPEPEHIIMPOBAHUNSA

HuddepennmaababiM oriepaTopaM BTOPOIo MOPsijiKa ¢ JIPOOHOI TTPOU3BOIHON B MJIaJI-
IMUX YJIeHaX MOCBSIIeHbl paboThl [1-2]. B manHoii pabore Mbl pACCMOTPUM OMEPATOPHI
JpobHOTO Jud hepeHnupoBaHus B Pa3IUIHbIX cMbIciax. Ha KoMmIakTe paccMOTpUM
oneparopbi: Kunpusinosa, Pumana-Jluysusisi, Mapiio [3]. Ha ocu: Pumana-JTuysusiis,
Mapiio. YeraHoBUM, 9TO CBOHCTBO CUJIbHOM aKKPETUBHOCTH [4] siBjisieTcst 06IIUM CBOJi-
CTBOM OIIepaTopoB ApobHoro auddepeHimposanusi. Tak:Ke JOKaXKeM, ITO CBOHCTBOM
cekropuasbHOCcTH [4], obamaor mquddepenuaibabie OnepaTopbl BTOPOro MOPSJIKA C
JIpPOOHOI 1IPOU3BOIHON B MJta ux 4jieHax. VcciiejlyeM pacriojioyKeHue ClieKTpa u pe-
30JIbBEHTHOI'O MHOXKECTBa OIEPATOPOB BTOPOI'O 1OPsijiKa C JPOOHOM 11POU3BOJIHON B
MJIAJIIIX dyieHax. [JokaxkeMm, 9TO CIIEKTP CYMMBI OTIepaToOpa W CONPSIYKEHHOIO SBJIIeT-
cs JINCKPETHBIM. B KauecTBe MPUJIOXKEHUsT CBOMCTBA CEKTOPUAJIHLHOCTH CHOPMYJITUPYEM
TeopeMy CyIIeCTBOBaHUs U €JIMHCTBEHHOCTH pelieHus JuddepeHnnajbHoro ypaBHe-
HUS BTOPOTO TOPSIKA ¢ JPOOHON MPOM3BOHON B MJIAINNX dJeHaX. B KadecTBe mpu-
JIOZKEHUST CBOMCTBA CUJIBLHOM aKKPETHBHOCTH, MOJIYUUM OIEHKY COOCTBEHHDLIX 3HAUEHU
orepaTopa BTOPOI'O MOPsIJIKa C JPOOHON MPOM3BOLHON B MJIAJIININX UJICHAX.

JUTEPATVYPA
1. Kunpuanos U. A. Oneparop apo6uoro nuddepeHnnpoBaHNAs U CTETIEHN JITUTITHYECKUX OrepaTopos. Jokmaasr Akamemun
mayk CCCP. 1960. Tom. 131, Ne. 2, cTp. 238-241.
2. Hazywes A. M. 3amaga lrypma - JIuyBuiuisa nia o6bikHOBEeHHOTO /i DepeHnnaIbHOro ypaBHeH!sT BTOPOrO TOPAIKa €
JPOOHBIMHU MTPOM3BOAHBIMU B MyIaamux uiaenax. JTokmaapr Akamemun nayk CCCP. 1977. Tom. 234, Ne. 2, crp. 308-311.
3. Camxo C.I.,Kunbac A.A.,Mapuywes O. H. VInTerpaiibl U MpOU3BOIAHBIE JPOOGHOIO MOPSIIKA M HEKOTOPHIE WX ITPUJIOKEHUS.
Munck "Hayka u Texuuka'. 1987.
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4. Kato T. Perturbation theory for linear operators. Springer-Verlag Berlin Heidelberg New York. 1966.

. A. Jleonos, B. M. [leyuask (Pocros-ua-/lomy)
tori 92@inbox.ru

O PEIIIEHUU YVPABHEHUI JIBYCTOPOHHE CBEPTKU HA
KOHEUYUHBIX HEKOMMYTATUBHBIX I'PVIITTAX.

Metos @yphe HA KOMMYTATHBHBIX I'PYIITaX JIABHO ITPUMEHSIETCsl BO MHOI'MX 00J1aCTSAX
MaTeMaTuKK, (PU3NKKU U TeXHUIeCcKux Hayk. Hapsijly ¢ 0JJHOCTOPOHHUMU CBEPTKAMU U
COOTBETCTBYIOIIMMH CBEPTOYHBIMU YPABHEHUAMU MOSABUJINCH JIBYCTOPOHHUE CBEPTKU HA
HEKOMMYTaTUBHBIX I'PYIIIIax, KOTOPbIE BOSHUKAIOT B CUJIY HEKOMMYTAaTUBHOCTH I'PYIIIIO-
BOI1 orepanuu. PaccmaTpuBaroTcest 1ByCTOPOHHUE CBEPTKY HA, TPOU3BOJIbHBIX KOHEUHBIX
HEKOMMYTATUBHBIX I'pyliax. [Ipusojurcs Kpurepuit 00paTuMoCT OlEpaTopa JBYCTO-
POHHE!l CBEPTKM W aJITOPUTM DEIICHUd YPaBHEHUA JIBYCTOPOHHEH CBEPTKU Ha MPOU3-
BOJILHOW KOHEYHOW HEKOMMYTATUBHON rpyrirne. Haxogsrcess OleHKN BbIYUCIUTE/IHHOM
CJIO’KHOCTHU 1IOCTPOEHHOI0 ajiropurMa. [locTpoennblit ajaropurm mojpodHo paccMarTpu-
BAaeTCs Ha IIPUMepe KOHeTHOH ansapansroit rpymmnst Dy, n rpynnst Leiizentepra H(IF,)

HaJ IIPOCTBLIM IIOJIEM Faﬂya. HpI/IBO,Z[HTCH pe3yJyibTaThbl YUCJEHHBIX 3IKCIICPDUMEHTOB.
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I. Louhichi (Sharjah, UAE)
ilouhichi@aus.edu

ON THE COMMUTATIVITY OF TOEPLITZ OPERATORS

Describing the commutant of a given Toeplitz operator, that is the set of all Toeplitz
operators that commute with it, is one of the most challenging open questions in the
theory of Bergman space Toeplitz operators. In this talk, I will survey former results
and recent developments related to this problem, with a particular attention to the
so-called quasihomogeneous Toeplitz operators.

K. B. JIsikoB (Camapa, Poccust)
alkv@list.ru
QKCTPAIIOJIAIIMOHHOE OIIMCAHUNE
CUMMETPUYHO-HOPMIUPOBAHHBIX NJIEAJIOB !

1PaBora moamep:xana rpantamu POPH 16-41-630676 p_au 17-01-00138 a.
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Teopema 1. Ilycmv X — banazxosa peuwemra 00HOCTNOPOHHUT YUCAOBHLL NOCAEI0-
samenvrocmet, a X — udeas KOMNAGKMHHLT ONEPAMopos, JetcmeyUUT 6 HEKOMOPOM
cenapabesvHom 2usvbepmosom npocmpancmee H, onpedesernviii yciosuem

n o0
AeXx & A= {Zsj} < 0,
j=1 n=1 X
20e {sj}]‘?‘;l — nocaedosamervrocms s-vwucen onepamopa A. Ipednonoscum, wmo ¢ X
deticmeyem oepanuuenno onepamop S : {x,} — {x,2}. Toeda ¢ nexomopot xoncman-

moti C, ne 3asucawetd om A € X, 6unoAnAOMCAs HEPABEHCMEA

CMAl < {14} || <Al

2de HAHp(n) — nopma Hlammena-gon Hetmana onepamopa A npu p = p(n) = lolgiﬁl,
n 23, ul|Al,u) = [[Allyy npun=1un=2.
[Tycrs A — koMmnaxTHBI oneparop B H. Yepes

1 . 1 .
ARzé(A—I-A) u AJ._QZ'(A A)

0003HAYUM, COOTBETCTBEHHO, JIEHCTBUTEILHYIO U MHUMYIO KOMIIOHEHTY oneparopa A. C
IOMOIIBLIO TeopeMbl 1 1 m3BecTHOR Teopembl Martaesa 00 orenke nopMbl IlarTena-gon
Heiitmana ngeficTBUTEIbHOM KOMIIOHEHTHI BOJLTEPPOBA OIlepaTopa depe3 HOPMY MHHUMOI
KOMITOHEHTBI [TOJIy4aeM CJIEJLyIONUi pe3yJibTar.

Teopema 2. Ilpednonoosicum, wmo A — soavmeppos onepamop, a udean X 1ydo-
saemeopaem ycaosuam meopemor 1. Feau Ay € X, mo Ar € %(log_l), 2de udean
X(log™h) onpedessemea yeaosuem Komeunocmu Hopmbl

R >
1T |11 = HMZSJ}

j=1 n=1 b%

M. V. Maliutina, S.S. Orlov (Irkutsk, Russia)
fanofevanescence2008@yandex.ru, orlov__sergey@inbox.ru

PERIODIC SOLUTION OF GENERALIZED ABEL INTEGRAL
EQUATION OF THE FIRST KIND !

Let us consider the integral equation
— — ) lpt)dt = > 1
o @ =00 = f). e >0 )
0

IThe reported study was funded by Russian Foundation for Basic Research according to the research project No. 16-31-00291.
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where f is given function, I'(«) is gamma function of fixed value «. It is assumed that
a > 0. This case includes 0 < a < 1, when integral has a weak singularity and equation
(1) is called generalized Abel equation.

In the academic literature little attention is paid to the problem of the existence
of continuous periodic solutions of integral Volterra equations. We have studied this
problem for the class (1) of Abel type equations.

Theorem. Equation (1) has a unique continuous T-periodic solution if and only if

the source f expression is of the form

[a]+2 Ai_lx{a}+i72 1 d y

[0 =2 Farvi=n ey & / (z =D E@)dr

i=1

where -] and {-} are floor and fractional value functions; E(x) € C’[[gf]:[io) is T-periodic

function such that E0V(0) = —A;_y for alli =1, ..., [a]. The solution is given by
the formula
() = A1 + gl (z), > 0.

This theorem is true for o ¢ N. The case of integer values of the parameter « is

considered in [1].

REFERENCES
1. Maliutina M. V. Problema sushchestvovaniya nepreryvnykh periodicheskikh resheniy integral’'nykh uravneniy Vol’terra
(The Problem of Existence of Continuous Periodic Solutions of Integral Volterra Equations). Obozreniye prikladnoy i promyshlennoy
matematiki. 2016. Vol. 23, Issue 4, pp. 369-370. (In Russian)

C. H. MeauxoB (Pocros-una-/lony, Biagnkaskas, Poccus)
melih@math.rsu.ru

Ob NHBAPVNAHTHBIX IIOJAIIPOCTPAHCTBAX OIIEPATOPA
OBOBIIIEHHOI'O CABUT'A BJIEBO

B nokiaje uger pedb 0 cOOCTBEHHBIX 3aMKHYTHIX HHBAPUAHTHBIX TOAITPOCTPAHCTBAX
oneparopa 000061ennoro ¢asura sieso Dy 4 (oneparopa ITommbe) B (LF)-npocrpancrse
E nenbix dyHknmii, n3oMopdHOM IIOCPEJICTBOM IIpeodbpazoBanus Jlammaca cUIbHOMY
COTIPsIKEHHOMY K TipocTpatcTBy H ((Q)) Becex pOCTKOB (DYHKITHI, AHAJIUTHICCKUX HA BbI-
Iy KJIOM JIOKaJIbHO 3aMKHyTOM MHOXKecTBe () C C. CemeiicTBO TaKMX MHOXKECTB COJIeP-
JKUT BCE BBINMYKJIbIE OTKPBITHIE W BBIMYKJIble 3aMKHyThie MHOXKecTBa B C. Omnepartop
Dy, 4, accoruupoBan ¢ HeKOTOpoii yukiueit gy € £ Takoit, uro go(0) = 1. Ou npume-
HSIETCsI TIPY M3YIEeHNN PA3IOKEHUI aHAJIATHIeCKIX QYHKIUH B PsIIbI SKCTIOHEHT, YPaB-
nenuit csepru. Ecim go = 1, 1o Dy 4, siBasierca Kiiaccuueckum otieparopom Ilommbe.
B [1] onncannt Bce cobeTBenble 3aMKHyThie D 4 -HHBAPUAHTHDIE TIOAIPOCTPAHCTBA £
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A2 2 € C, 11l HEeKOTOPOro

B cIydae, Korjga byHKIUs gy He UMeeT HyJiel, T. e. go(z) = e
AEQ.

3J1eCh Mbl IPUBOJIMM OIUCAHUE BCEX COOCTBEHHDBIX 3aMKHYTbIX D g -MHBADHAHTHBIX
MOJANPOCTPAHCTB E st QyHKIWMKE ¢y, UMEONeil KOHEUHOe YUCJI0 HyJed, T. e. s
go(2) = P(2)e**, z € C, rne A — nexoTopas Touka u3 (), a P — MHOTOWIEH CTeleHn
ne menbie 1. JIns raxkoit dbynkiun go oneparop Dy 4, B OTJIMUKE OT cilydasd go i= e,
HE SIBJISETCS OJHOKJIETOUYHbIM, T. €. €0 COOCTBEHHbIE 3aMKHYTHIE [OIIIPOCTPAHCTBA, HE
00pas3yIoT 1emb. VX COBOKYITHOCTL COCTOUT y2Ke U3 MHOXKECTB JIBYX BUJIOB. [lepBoe (0HO
KOHETHOE) COJIEPYKUT MPOCTPAHCTBA KOHETHON KOPa3MEPHOCTH, a BTopoe (OHO CUeTHOE)
— IPOCTpaHCTBa KOHEYHOH pasmepHocTu. [ojyuena anajuruueckas peaau3alus * B
H(Q) ymuoxenns ®, 3aJaBaeMoro onepaTopoMm cIpura Jyist oneparopa Dy, B TOMO-
JoruueckoM comnpsizkenaom F' Kk E. C moMomubio NpUHIIAIA, JIBOACTBEHHOCTH OMUCAHDI
BCe COOCTBEHHbBIE 3aMKHYThIe ujieasbl B ajredbpe (H(Q), x), nsomopdnoit (£, ®).

[TpuBesiennbie pe3ysibrarhl mosydeHbl coBMectHo ¢ O.A. VIBaHOBOIA.

JUTEPATVYPA
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M. A. Muratov, J. S. Pashkova (Simferopol, Russia)
mamuratov@gmail.com

THE KLEINECKE-SHIROKOV THEOREM IN =-ALGEBRAS OF
MEASURABLE OPERATORS

Let M be a von Neumann algebra of operators acting on a Hilbert space H, S(M)
x-algebra of all operators measurable with respect to the M, and P(M) a complete
structure of orthogonal projections in M.

Theorem 1. If an operator T' € S(M) is self-adjoint, then exists a dense invariant
linear subspace D C H, such that ||T"|| < C?Hf” for any £ € D (D C Hy(T)).

Theorem 2. [f T, S € S(M) are self-adjoint operators, then exists a strongly dense
linear subspace D C H, such that D C Hy(T) N Hyp(.5).

If 7,5 € S(M) are self-adjoint operators, and [T, [T, S]] = 0, then operators T" and
S commute as elements of the %-algebra S(M).

Theorem 3. If G be a real finite dimensional nilpotent Lie algebra and @ : G —
S(M) be a its skew-symmetric representation in S(M), then w is commutative that
is, [m(x), m(y)] =0 for all x,y € G.

Let fi(t), gi(s), ﬁ(t), gi(s), i =1,2,...,m. the polynomials of one real variable, and
Kalts) = S h0g (), Kalt,s) = S0 Flt)aics).

Theorem 4. Let T,S € S(M) are self-adjoint operators, and exists a strongly
dense linear subspace D C Hy(T) N Hyp(S), such that
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1). D is invariant with respect to each of operators T and S;
2. D=,-{R.(H), R, € PIM), R, 1 I;

3). TR, = R, T¢ and SR, = R,SE for all £ € D;

4). TR,,SR, € M, n €N and |TR,| <n, [|SR,|| <n.
If {(t,s): Ki(t,s) =0} = {(t,s): Kao(t,s) = 0}, then

Zfz )Sgi(T —0<:>Zfz )Sgi(T

REFERENCES
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A.B. Muravnik (Voronezh, Russia)
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HALF-PLANE DIFFERENTIAL-DIFFERENCE ELLIPTIC
PROBLEMS: SOLUTION ESTIMATES

The problem

Uge + Y hllge(T + g, y) + 1y = 0, 2 € (=00, +00),y > 0, (1)
k=1

u =up(z), r € (—00,+00), (2)

y=0

where a; and hy, k = 1, m, are real parameters, there exists a positive constant C' such
m

that 1+ > ag cos hp& > C for any real x, and ug is a bounded continuous function, is

‘ k=1
considered.

In [1], the following integral representation of its solution is provided:

ule,y) = / E(x — £, y)uo(€)de, 3)

where

3

— l/ GO cos [2€ — yGy(€)] dE,
0

Gy (©) f\/ JZAONEEL o) = a(€) + 1(E) + 2a(6) 1 1.
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a(§) = i ay cos hip€, and b(¢) = % a sin hy€.
k=1 k=1

Here, the following estimate for the function u(x,y) is proved in the half-plane
(—OO, +OO) X (07 +OO)
u(z,y)| < Sup |uol. (4)

REFERENCES
1. Muravnik A. B. Half-plane problems for differential-difference elliptic equations. Abstr. of the 13th International Conference
“Operator Theory, Complex Analysis, and Mathematical Modeling”. Southern Mathematical Institute of Vladikavkaz Scientific
Centre of Russian Academy of Sciences. 2016, p. 128.
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PABHOCWUJIbHAA PEI'VJIAPU3AIINA OJHOI'O KJIACCA
ABYMEPHDBIX OIIEPATOPOB TEIIJINIIA

Mycrs I' = {¢ € C: |¢| = 1}, [? =T x T. O6osnaumm uepes Ly (I?)un W (I'?) cran-
JapTHBIE IIIL6EPTOBO IPOCTPAHCTBO CyMMUPYEMBIX ¢ KBapaToM Ha Tope 12 dbynkiuii
u QyHKIUHA ¢ aDCOJIFOTHO cyMMupyeMbiMu KO3 duimenramu Oypbe coOTBETCTBEHHO.
[ycrs Ly~ (FQ) MOIITPOCTPAHCTBO, COCTOSIECE U3 BCEX JIEMEHTOB Lo (FQ), aHAJTUTH-
weckn npogoizkuMbx B obmacts {(€,m) € C?: €] <1, |np < 1|}, a P - onepatop
IPOEKTUPOBAHMUS Ha TOJIPOCTPAHCTBO Lo (F2).

Paccmarpusaercst oueparop Ternuna T, : Lyt (T?) — Ly+ (I?), (T,9) (&n) =
P™a(&n) ¢ (& mn), (&n) € I'?, mae dynkuusa - a(¢,n) € W (I'?) n nassBacrca
cumBosiom orepatopa T,. .B.Cumonenko [1| nosyuen ciaeayronmii Kpurepuii HeTepo-
BOoCTH: oneparop 1, HeTepOB TOTIa W TOJHKO TOT/IA, KOTJA €TI0 CUMBOJI YIOBIETBOPSIET

yeaosusim a (€,1) # 0, (€,n) € T% iTngCL(f,U) = i?})da(ﬁ,n) = 0.

Teopema 1. [lycmo gynryua a (€,n) =a* (§,m)n", 2de a*= (§,n) € W (I'?) ana-
aumuyecky npodosscuma 6 obaacmo {n € C:|n| > 1} npu aobom durcuposarrom
¢ € T nopoocdaem nemepos onepamop Tenauua 6 npocmpancmee Ly~ (FZ). Tozda
umeem mecmo npedcmasaenue T, = Ty-nTo—-Tyr- T+ To—+Ton, 20e a*T (&€, 7m) Komno-
nenmol Kanonuveckol gaxmopusavuu pynkyuu a (€,m) 6 arzebpe W (F2).

[Tpn momory npecTaBaeHus, MOJYyIeHHOTO B Teopeme, ypapuenne 1,¢ = f npu-
BOJINTCSl K PABHOCUJIBHON cucTeme u3 n ypaphenuit. Orepartop, MOpoXKaeMblii 9TOi
cucreMoii, neiictpyer B npoctpancrse (LT ()" u npencrapager coboit cymmy MaTpud-
HOI'O TeIINIEBa U BIIOJIHE HEIPEPBIBHOIO OMEPATOPOB. DTO MPUBOJIUT K MOCTPOCHUIO
PAaBHOCUJILHOTO PEryJIsSTPU3aTOPa, BHIMUCHIBAEMOTO Ye€pe3 KOMIOHEHThI KaHOHUIECKOI
dbaxTopuzaluu MarpudHOro cuMBoJia. Ilpu n = 1 peryispusarop BbIIKCHIBAETCS B
sIBHO# (popme.
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JUTEPATVYPA
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ITIOCTPOEHUME OBIIEI'O PEIITEHNA OJHOPOJAHOI'O
YPABHEHUNYA CBEPTKU B ITPOCTPAHCTBAX
VIABTPAAN®PEPEHIINPYEMBIX ®YHKIINI

B pabote paccMaTpuBaioTCs IPOCTPAHCTBA 5(1w> (R) ynbrpagnddepernupyeMbix (yHK-
[l HOPpMAJILHOT'O TUIA Ha BCEI YMCJIOBOM MIPAMOIL:

EL)(R) = {f € C®(R) : Vg € (0,1), Vi € (0, 00)

o
sup sup u < oo} .
3J1ech w — BecoBas (PYHKIMs, 3a/1a1011ast IPOCTPAHCTBO; ) — conpsixkennasi 110 FOnry
c w(e’).
B 8(1 w)(R) HCCJIEJYETCST OJHOPOIHOE YPaBHEHNE CBEPTKH

T,f=0. (1)

Ero cumBoJ 1 ipejicTaB/sieT coOoit HEKOTOPYIO TEeNYIO (PYHKIIHIO, YIOBJIETBOPSIONLYTO
OIIPEJICJIEHHBIM OIPDAHUIEHUSIM POCTA.
Kak qacrubiii coryuaii ypasrenust (1) Briodator B cebst juddeperimanbHbie ypaBHe-
(0. ¢]
HUsT GECKOHEUHOTO MOPSIJIKA ¢ MOCTOSTHHBIME KO dutmertamur » | ay f (k) = 0, a Takxke

k=0
HEKOTODBIE PA3HOCTHBIC ypaBHeHUs — Hanpumep, ypasuenue f(x+1) — f(z —1) = 0.

[Tycrs (M), — nynn cumBosia (i(2) KparHocTed kg, DTUM HyJISM OTBEYAIOT HJie-
MenTapuble pemienus ypasuenus (1) suja (—iz)Fe ™% 0 < k < ky. Kak ussecruo, B
o0ITeM cJlyuae yKa3aHHbIE SJieMEeHTapHble pellleHns He 00s3aHbl 00Pa30BbIBAThL 0A3MUC
BCErO MIPOCTPAHCTRA pereHnii ypasnenus (1).

B pabore nposejieHa rpyinpoBka HyJieil cumposia i(2), 1 yCraHOBJIEHO, YTO B IPO-
CTPAHCTBE PeIleHuil nMeeTcs: abCOTIOTHBIM 0a31C, COCTOAIMMHA U3 JTUHEHHBIX KOMOUHA-
Uil 3JIEMEHTaPHLIX PEIIeHn i, OTBEUAIOIINX CIPYIINPOBAHHBLIM HYJISM.

UccnenoBanue cyImecTBEHHBIM 00pa30M ONMMPAETCss Ha KPUTEPUil CIOPhEKTUBHOCTH

oneparopa cseprku 1), ycranosiennbiii B padore [1].

JUTEPATVYPA
1. A6anun A. B., Abanuna /]. A. Teopema nesieHust B HEKOTOPBIX BECOBBIX IIPOCTPAHCTBAX 1esblX (GyHkumii. Biiajgukask. mart.
xypa. 2010. T. 12, Ne. 3, cTp. 3-21.
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THE THEOREM ON THE NORM OF OPERATOR

The norm of integro-differential operators (p.d.operators) in the scale of Sobolev
spaces was studied by R. T. Sili [1]. In these investigations, a similar theorem is proved
for s.p.d. operators Kipriyanov-Katrakhov. We follow the methods and approaches of
the work of J. Kohn and L. Nirenberg [2].

For the symbol class a(x; &) and the class of the operator A corresponding to these

symbols in [3] we use the notation — ="

Theorem 1. Let A € =", Let’s pretend that
mas Ja(a,€)| = K

R ISDINS

K < o0. Then we have the equality
K = il%f |A+T

5.7

where |||| s, is the norm of the operators in the scale H and the lower bound is taken
over all operators of order m — 1.

Theorem 2. Let A € =7". Then the following statements are equivalent:
I. The symbol of the operator A is identically equal to zero.

II. A=0.

III. For some | < m, the operator A has order [.

JUTEPATVYPA
1. Cuau P. T. Unrerpo-guddepennuanbabe oneparopel Ha BEKTOPHbIX paccaoenuax // C6. Maremaruka. — 1967. — C. 57
— 97.
2. Kon Jowc., Hupenbepe A. Anrebpa ncesmommuddepernmanpabix oneparopos // C6. Ilcesnomuddepennmanbabie onepa-
Topel. — M.: Mup. — 1967.
3. Kampazoe B.B., Jlazoe JI. H. Ilonaoe npeobpa3osanne Pypoe-Beccenst n anrebpa cuuryaspHsix ncesaoavd depeHtm-
aybHbIX oneparopos. Juddepenm. Ypasuen. — 2011, T. 47. Ne 5. — C. 681 — 695.

G. Rozenblioum (Gothenburg, Sweden)
grigori@chalmers.se

TOEPLITZ OPERATORS WITH VERY SINGULAR SYMBOLS IN
BERGMAN TYPE SPACES

We develop a new approach to defining Toeplitz operators in Bergman type spaces
(the reproducing kernel spaces) based upon considering sesquilinear forms with special
properties. The approach allows, in particular, to define operators and investigate
boundedness and compactness conditions for highly singular symbols, in particular,
involving distributions and hyperfunctions in certain classes. To check these conditions
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we introduce and study ’Carleson measures for derivatives’. Particular applications
include operators in the classical Bergman space, the Fock space, and the Herglotz
space of solutions of the Helmholtz equation. The talk is based upon a series of papers,

joint with N.Vasilevski, Mexico.

REFERENCES
1. Rozenblum G., Vasilevski, N. Toeplitz operators defined by sesquilinear forms. Fock space case. J. Funct. Anal. 2014. Vol.
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CBOICTBA MHTETPUPYEMOCTU NC,;,-MHOT'OOBPA3UN

Omnpenesierne 1 [1]. AC-cmpyxmypa, zapaxmepusyeman mostcdecmeom

V(@)Y + Vy(P)X =EVx(n)PY + EVy ()P X+
+n(X)Vey +n(Y)Vex& XY € X(M),
nasveaemcs N Cho-cmpyxmypot.

AC-muoroobpasne, cnabkennoe N Cg-cTpykTypoii HasoiBaeTcs N Cg-MHOTO0Opa3neM.

Teopema 1. NCig-MmHoz000pasue umeem 3aMEHYMYI KOHMAKMHYI0O Hopmy mo-
2da U MoAvKo mozda, Ko2da 01O ABAAEMCA MOYHETUE KOCUMNAEKMUYECKUM MHO2000-
pasuem, m.e. K020a A0KAALHO IKGUBANCHMHO NPOU3EEIEHUIO NPUOAUNCEHHO KEAEPOBE,
MH02000Da3UA A BEULELCNBEHHYIO NPAMY0. Fcau mroz000pasue 00nocea310, mo yKa-
3aHHBLE NOKANDHDIE IKBUBANECHTHOCTNU MOACHO 8DIOPAMD 24000ADHBLMU.

Teopema 2. Hnumezpupyemas N Cho-cmpyxmypa ABAAEMCA KOCUMNACKMUYECKOT
cmpyKmypo.

Teopema 3. Unmeepupyemas NCho-cmpykmypa A0KAABHO IKGUBAAEHMHE NPOU3-
GEDEHUIO KEAEPOBA MHO2000Pa3UA Ha Geuecmeennyto npamyro. Ecau mrozo006pasue 00-
HOCBA3HO, MO YKA3AHHBIE NOKAALHBLE IKEUBANEHMHOCTIIU MOHCHO 8LLOPAMD 24004.40HbI-
M.

Omnpenenierne 2 [3], [4]. [Houmu xonwmaxmmuaa mempuyeckas cmpyxmypa Ha3ol-
saemea nopmarvnot, ecau N(X,Y) 4+ 2dn(X,Y )€ = 0.

Teopema 4. Hopmaavnas NCio-cmpykmypa Aciiemces Kocumniexkmuueckoti, a
BHANUM, AOKAALHO IKEGUBAACHINNA NPOUSEEOCHUIO KEACPOGA MHO2000pA3UA HA GEULE-
cmeennyto npamyro. Ecau mrozoo00pasue 00moc64A310, MO YKA3AHHBIE NOKANDHDLE K-
GUGANCHIMHOCTIU MONCHO 6b1OPamb 240000 HHLMU.
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Teopema 5. IIycmv S = (n,€,®,9 = (-,-)) — AC-cmpyxmypa. Tozda credyrousue
YMEEPAHCOeHUA IKGUCANCHIIHDL:

1)S =& ®,9=1,-)) — unmeepupyemas N Cio-cmpyrmypa;

2)S=(n&P,g=1,)) — nopmarvnas NCio-cmpyxmypa;

3)S=m&®,g=1(,)) - KocumniekmuuecKas cMmpyYKMYpa.

Teopema 6. Xapaxmepucmuueckuti sexmop & NCho-cmpykmypol A6AAEMCA Gek-
mopom Kuarumea.

Teopema 7. Konwmaxmmnasn gpopma n NCho-cmpyxmypor asasemca popmot Kua-
AUH2A.

Teopema 8. NCy-mHozo006pasue c N(Q)(X, Y) = 0 wokarvno sKsusasenmmo npo-
U36EIEHUIO NPUOAUNCERHO KEAEPOBA MHO2000PA3UA HA GEWECTNEEHHYI Npamyto. Ecau
MH02000pa3UE 00HOCBA3HO, MO YKA3AHHBLE NOKGADHBLE IKEUBAAEHMHOCTIU MOAHCHO Gbl-
Oopamv 2400a45HBLMU.

Teopema 9. Ha NCig-mroz006pasuu N(3)(X, Y) = 0 moeda u moavko mozda,
K020a MH02000pasue AGAACNCA MOYHETULE KOCUMNACKMUYECKUM MHO02000pasuem. A
BHAYUM, NOKAABHO IKEUBAACHIMHO NPOU3CEIEHUIO NPUONUNCEHHO KEAEPOBA MHO2000-
PA3UA MG GEULECBEHHYI0 npamyto. Ecau mmozoobpasue 00Hoc84A3H0, MO YKA3AHHDLE
NOKANOHDLE IKEUBANEHIMHOCTIU MOHCHO SbLOPAMY 2400000 HLMU.

JUTEPATVYPA
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COMMUTATORS OF WEIGHTED HARDY OPERATORS ON
MORREY TYPE SPACES

We prove theorems on the boundedness of commutators of the weighted multidimen-
sional Hardy operator from a generalized local Morrey space to local or global space.

A. Sathish Kumar (Department of Mathematics, Visvesvaraya National
Institute of Technology Nagpur Nagpur, Maharashtra-440010, India)
mathsatish9@gmail.com

APPROXIMATION BY GENERALIZED KANTOROVICH SAMPLING
TYPE SERIES
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In the present article, we analyse the behaviour of a new family of Kantorovich
type sampling operators (K2 f),~o. First, we give a Voronovskaya type theorem for
these Kantorovich generalized sampling series and a corresponding quantitative version
in terms of the first order of modulus of continuity. Further, we study the order of
approximation in C(R) (the set of all uniformly continuous and bounded functions on
R) for the family (K¢ f)y~0. Finally, we give some examples of kernels such as B-spline
kernels and Blackman-Harris kernel to which the theory can be applied.

REFERENCES
1. Bardaro C., Mantellini I. On convergence properties for a class of Kan-torovich discrete operators. Num. Funct. Anal.
Optim. (2012). 33(4): 374-396.
2. Bardaro C., Vinti G. An abstarct approach to sampling type operators inspired by the work of P.L. Butzer. Part I-Linear
operators. Sampl. Theor. Signal Image Process. (2003). 2(3): 271-296.
3. Bardaro C., Vinti G., Butzer P. L., Stens R.L. Kantorovich-type generalized sampling series in the setting of Orlicz spaces.
Sampl. Theor. Signal Image Process. (2007). 6: 29-52.
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ON THE CONVERGENCE OF NEW METHOD FOR VARIATIONAL
INEQUALITY PROBLEM OVER THE SET OF SOLUTIONS THE
EQUILIBRIUM PROBLEMS

Let H be a real Hilbert space with inner product (-, ). For operator A : H — H, set
M C H, and bifunction F' : H x H — R we denote by VI(A, M) and EP(F, M) sets
{reM: (Av,y—x) >0 Vye M} and {xr e M : F(x,y) >0 Yy € M}, respec-
tively.

We are interested in approximate solution of problems

find z € VI(A, EP(F,C)), (1)

and,

find z € V](A, EP(Fl,Cl) N EP(FQ,CQ)) (2)

Problems of form (1) or (2) are referred as variational inequality over the set of solutions
the equilibrium problem or over the set of solutions the system of equilibrium problems.
This problems have found applications in a wide array of disciplines, including mechanics,
economics, partial differential equations, approximation theory, signal and image proces-
sing, game theory, optimal transport theory, probability and statistics, and machine
learning.

Motivated by the idea of Korpelevich’s extragradient method and Antipin’s extensions
the extragradient method to equilibrium problem, we’ll introduce a new and maybe
efficient method for solving problem (2). One version of this method is following.
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Select an arbitrary point x1 € H and generates the sequence (x,,) iteratively by

Uy, = PYOX)\ py(z,,)%ns Yn = PTOXy p (4, )T
Up = PrOXy py(z,,)Tns Zn = PIOX\ @ (4, )Tn;
Wp, = %yn + %Zm

Tpi1l = Wy — ayAw,.

where A\, o, > 0.

This method use the proximity operator. Principal difference here, at each iteration,
we solve strongly convex programming problems only instead of a auxiliary equilibri-
um programming problems. We'll prove the strong convergence of these methods under
mild conditions.

A.1I. Yeronuu (Pocros-ua-/lomy)
apchegolin@mail.ru

KOMIIVIEKCHBIE CTEITEH KJTACCUTYECKOI'O IBYMEPHOI'O
TEJIETPA®HOI'O OIIEPATOPA

B pabore B pamMkax HPOCTPAHCTB P-CyMMUDPYEMbIX (PYHKIUI SBHO BOCCTaHOBJIE-
HbI KOMTIJIEKCHBIE CTEIEeHN KJIACCUIECKOTO TeerpadHOTo oneparopa ¢ OTpUNaTeIbHOI
JeRCTBUTETBHON 9acThIO TOPSJIKa CTeNeHn cuMBoJia. [Ipu 9ToM mapaMeTpbl cuMBOJIA
MMEIOT KOHKPETHBIN (PU3NYECKNIT CMBIC U COOTBETCTBYIOT TejierpapHOMY yPaBHEHUIO.
OmnepaTopbl ¢ MOJIOXKUATETHHON JIEHCTBUTETLHOM YaCThIO PEATN3YIOTC B aHAJOMMIHbBIX
1 BECOBBIX TTPOCTPAHCTBAX B BUJIE AIMTPOKCUMATUBHLIX KOHCTPYKIINMA, TOCTPOEHHBIX TIO
MHOXKECTBAM BBIPOXKJIEHUS CUMOJIA.
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Session 11

Function Theory and Approximation
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M. B. Babymkusn, B. B. 2Kyk (Cankr-IIerepGypr, Poccus)
maxbabushkin@gmail.com, zhuk@math.spbu.ru

O CJIbHOYM ®OPME ACUMIITOTUYECKUX ®OPMVJI TUIIA
BOPOHOBCKOWM-BEPHIIITENHA C IIOTOYEYHON OIIEHKO!
OCTATOYHOT'O YJIEHA

st TIIpOKOTro Kpyra MeTO0B MPUOJIMKEHNsT YCTaHABINBAIOTCA Pe3yIbTaThl, KOTO-
pbie Juist mosinHoMOB BepHinreiina (B yrmpoméHHOM BUJE) BBITJISIST CAEAYONUM 06-
pazom. ITycrs F — MHOXKECTBO BCex BbIILYKJIbIX MOJLyJieil HeupepbiaocTu, By, (f, x) =

Z f (%) pnk(x) — TOJIMHOMBI bepHinreiina, rie pnk(gj) — C;fa:k(l _ :L‘)”_k_
k=0

Yreepxkaenue 1. [Tyemv p > 1, w € O, n € N, z € [0,1], daa oeparnurennol
dynruyuu f:[0,1] — R npu ecex t maxux, wmo x +t € [0,1], cnpasedauso nepasen-

cmeo |f(x +t) — f(x)] < w(|t]). Toeda
n p 1/p n » /p
(Z (%) - s pn,m)) <u (Z pn,m)) ,

k=0 k=0
8 wacmuocmu, npu p = 2

k
——x
n

3 r(l—=x
((Bu(f.) = F@) + Bu(f% ) — B(f.)) " < ( %) .
VYrBepxkaenue 2. [lycmo w € U, n € N, oepanuvennas dynwyus f:[0,1] — R
umeem 6 mouke x € [0,1] npoussoduyro, npu ecex t maxux, wmo x +t € [0,1],
cnpasedauso npedcmasaenue f(x +t) = f(z) + f'(x)t+

+e(t)t, 2de |e(t)] < w(lt]); an(z) = /22 Toeda

() - s -rw (E-2)

JUTEPATYPA
1. Teaaxoscrkuti C. A. O ckopoctn npubimkenus: ¢GyHkiuii Muoorouwienamu Beprmreitna. Tp. MM YpO PAH. 2008. Towm.
14, Ne, 3, cTp. 162-169.
2. XKyx B.B. O cusibrom upubsimkenun GyHKUMA IOCPEACTBOM 1I0JIO2KUTEJIbHBIX Oueparopos. 3aiu. nay4us. cem. ITIOMIU.
2015. Tom. 440, cTp. 68-80.

n

2

k=0

Pa k() < an(2)w (@n(2)) .
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X.X. Bypuaes (I'posusrii), B.I. Psa6eix (Pocros-na-lony), I'. FO. Pa6bix
(PoctoB-na-Iony)
ryabich@aaanet.ru

O IMPUBJIM>KEHNN HEAHAJINTUNYECKNX ®YHKIINN
AHAJINTUNYECKNMMU !

Ilyctrb D={2€C: 2| <1}, T={teC:|t| =1}, A,(Hy) — obbrunbIE IPOCTPAH-
crBa Beprmana (Xapw) no equnnanomy kpyry; w € L,(D) = L,. Usyuaercs 3anada
0 cBOHCTBaxX (PyHKIMU

XeA,: ;relianw—xHLp = [Jw = X||z,-
P

Teopema 1. Ecau 1 < p < p; <2 uw = (1 —|z2|)k, 2de k € Ly, (W' (D),
pe=p1/(2—p), mo X € () H,.

V<p-
Teopema 2. Fcau 1 < p < p1, 2 < p1 < 00 uw = (1 — |z])k, 2de k €

Lo NYWPH(D), mo modyav enewned dynwyuu X (2) npunadaescum Lip((1—2/p1)/p; T).

B uwacruocru bynxius w = (1 — |z|)k, k € Ay, yJ0BIeTBODSIET YCIOBUSM, yKa3aH-
HbIM B Teopemax 1 n2.

B [1] nokazano, uro npu w € W 1 < p < oo, bynkuua X € H,. Ilogobuas
sagada B H,, ncciegosana B pabore [2].

JUTEPATVYPA
1. Khavinson D., M Carhtyt John E. and Shapiro H. Best approximation in the Mean by analytic and Harmonic Functions
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2. Pabwz B. I Ilpubmmkenne neanammruaecknx GyHknuii anajmuruaecknvu // Mar. cGopamk. 2006. T. 197, Ne 2. C. 87-96.

. A. 3akopa (Cumdeporosn, PD)
dmitry.zkr@gmail.com
O P-BA3BVCHOCTU CUCTEMBI KOPHEBBIX 9/JTEMEHTOB B
O/THOI 3AJTAYE I'MJIPOJANHAMUKNI

PaccmarpuBaercst 3ajiaua 0 MaJibiX JIBUXKEHUSX MJI€AJIbHON PeJaKCUPYIONen »Ku/i-
KOCTH, 3alloJIHsIONIeH orpanndennyio obsacth () C R3 u naxousieiics B HeBecoMocTH

1PaBora BHIMONHEHA TpH bUHAHCOBOH TIoAAepxkKe PODU (mpoexT 15-01-00331).
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(em. [1]):
ou(t, ) _
T = _agop() 1V,0(t, ZU)+
+aooZ/ =DV (s, x)ds + £(t,z) (8 Q),
W + podivu(t,z) =0 (8§), u(t,z) n=0 (ma 0Q),

u(0,2) = u’(z), p(0,2)=p'(x).

Bnech u(t, z), p(t,r) — mose cKOpoOCTel U TUHAMIYIECKAST IOTHOCTD YKUJKOCTH, Py —
IJIOTHOCTH XKUJIKOCTH, (o — CKOPOCTH 3BYKa B CRKuMaeMoit xkujkoct, f(t, r) — masoe
10JI€ BHEITHUX CHUJI, HAJOXKEHHOE Ha T'PABUTAIMOHHOE, NI — BHENTHWH €JIMHUIHbBI HOD-
MAJILHBIA K ) BEKTOp, OCTAILHDIE TAPAMETPLI B YPABHEHUSIX — 3TO TOJOXKUATEILHDIE
dus3nIecKre KOHCTaHTHI.

C paccmarpuBaeMoil 3ajatueil acconnnpoBaH ONepaTopHbIi OJIOK, JeiCTBYIONA B
OPTOrOHAJBLHON CyMMe THJIhOEPTOBBIX HpocTpaHcTB. [lokazaHo, 9T0 cucTema KOpHe-
BBIX 9JIEMEHTOB 3TOT'0 OIIEPATOPHOI0 OJI0Ka 0Opa3yeT p-0a3uc B COOTBETCTBYIOIIEM IPO-
cTrpaHcTBe. Pemenne paccMarpuBaeMoil ITHMHAMUYIECKOR 3a/1a91 MPEJCTABICHO B BUJIE

psijia, TI0 BOBHUKAIOIIEH CHCTEME 3JIEMEHTOB.

JINTEPATVYPA
1. Kopachevsky N. D., Krein S. G. Operator Approach to Linear Problems of Hydrodynamics. Vol. 2: Nonself-adjoint Problems
for Viscous Fluids. Birkh&user Verlag. 2003.

B.II. 3acraBusrii, A. /I. ManosB (JoHenk)
zastavn@rambler.ru, manov.ad@ro.ru

TTOJIOXKUTEJIBHA S OIIPEJIEJIEHHOCTH KOMIIJIEKCHOU
KYCOYHO-JINMHENHON ®YHKIINN 1 HEKOTOPHIE EE
IIPUMEHEHNS

Oynkuus f : R — C nasbiBaercs noJioxkuresibHo onpejenénnoin na R (f € ®(R)),

ecin ipn mobbix m € N, {zp 1, C R u {¢;}}; C C BoinosmsieTcss nepaBeHCTBO
m

kzlckc_jf(ack —x;) = 0.

’ Paccmarpusaercs ciaenyiomas 3ajada. st 3agannbix o € (0,1) u ¢ = h + 10,
h,B € R, dyukmusa f,.: R — C onpenensiercs caemyionum obpazom: 1) dbyukmms
fo.c ABasgeTCs SpMUTOBOH, T.€. foo(—2) = forc(z), © € R; 2) foo(r) =0mnpux > 1, a
na orpeskax [0, a] u [a, 1] dyukuus f, . aiasercs auueiinoit u fo.(0) =1, fo.(a) =
¢, fac(l) =0. dus kaxgoro puxcuposantoro a € (0, 1) Tpebyercs HafiTn MHOKECTBO
Becex ¢ € C, ms koropbix fo . € P(R)
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Eciu ¢ = h € R, 1o 910 3ajaua P.M. Tpuryba, koropast peuena agropamu 8 [1].

B obmem cirydae moydena cieayonast

Teopema 1. ITycmv o € (0,1), c=h+1if5, h, € R, m(a) =0, ecau 1/a &€ N, u
m(a) = —a, ecau 1/a € N. Toeda pynryua fo. € P(R) <= m(a) <h<1l—au
18] < 2@, ), e0c

Foun(t)

v(a, h) == teug\ljgga GoD)] Ng, ={t € R: G,(t) =0},
1 —a—h)(1—cos(at)) + ah(l —cost a+h
Gult) = sin(at) — asint Gan(0) = 0.

a(l — a)t?
Ecaum(a) < h < 1—aua e Q, movy(a,h) >0, u~vy(a,h) =0 6 ocmasrvnvix
caywaar a) « € Q; b) h=1—a; ¢) h=m(«).
Haiinennr 3nauenune xoncrantsl y(o, h) mig a = 1/2, 1/3 u 2/3. C momonipio Teo-
pembl 1 ToJTyden KpuTepuii BroaHe MoHoTonrocty dbynkumit suza f(z) = (Ax? + B +
Cz)/(z(z* + 1)(2® + a®)) 1 J0Ka3aHO TOUHOE HEPABEHCTBO sl TPUTOHOMETPUYECKIX

MHOI'OYJICHOB.

JUTEPATVYPA
1. A. Manov, V. Zastavnyi Positive definiteness of piecewise-linear function. Expo. Math. (npunsita B nevars, DOI: 10.1016/
j-exmath.2016.12.002)

E. B. kounukosa (r. Boponex, Poccust)
uralochka 87@mail.ru

OB YPABHEHUAX HENTPAJIBHOT'O TUIIA C BBICTPO
OCIINJIJINPVIOIIIEN ITPABOM YACTBHIO

B sannoii pabore jiokazaHa KOMIAKTHOCTh MHOXKECTBa, pelieHuit 3agaun Korm jijist
nuddepeHnualbHbIX YpaBHEHHI HEATpaJIbHOIO TUIIA ¢ OBICTPO OCIUJIINPYIOIIEH mpa-
BOIl 4aCThIO CJIEJIYIONIErO BHJIA:

2(r) = F (Zoa(r —eh). 2/(r = eh).e) .7 € [0, (1)

2(7) = o, %o = const, T <0,

e h = const, h € R}H a F' yJloBJIeTBOPSET CJICAYIONIMM YCJIOBUSIM:

ADNE R x R" x R" x [0, 1] — R" — HenpepbIBHOE 110 COBOKYITHOCTH TIEPeMEeHHbBIX
oTobparkeHue;

A2) Oyukuust F(-,-, -, ) apiasgercs T-nepuoguydeckoii 1o neppoii nepeMeHHoi;
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A3) F(-,+,-,¢€) yaosiersopsier ycioputo Jlumnimmna 1no nepBoii, Bropoii u Tperbeil
nmepeMeHHbIM ¢ KoHctantamMu k1 > 0, ko > 0 u 0 < k3 < 1 cOOTBETCTBEHHO.

Nsyuenbl coiicTBa npeenbibix Todek B npoctpanctse C'([0, d], R™) Takux perre-
Huit. Bblio yeranossieHo, uro juis perenuit 3ajaqu (1) pesysibrar KJIacCuueckoro puH-
muna ycpeanenns H.H. Boromo6osa-H.M. Kpriiosa B ob1iem ciyuae He BepeH. YKa-
3aHbl YacTHbIE ciaydar (GyHKIuU F, JJIsg KOTOPLIX IPUHIMII YCPEJHEHU BEpeH. DTO
ypaBHeHust, jinHeiinbie 1o 2/ (7 — eh), 1o ecrb:

Z(r)=F (g,Z(T — sh)) +a (

Z(T) = 0, Yo = const, T < 07

g) (1t —eh), 7 €[0,d];

r7ie a(-) yIOBIETBOPSET YCIOBUSIM:
D1) oneparop a(§) : R" — R" nuneen u T-nepuojuden 1o &;
D2) fa(&) s < 1
D3) a(-) ymosrerBopsier ycaosuio Jlummmia ¢ KoncranToit kg > 0.

A.C. Kamursun, H. 1. Tpycosa (JIunenk)
kalitvinas@mail.ru, trusova.nat@gmail.com

PA3PEIIINMOCTL CUCTEM HEJIMHEMHBIX
NMHTETPO-IN®PEPEHIINAJILHBIX YPABHEHUM BAPBAIIITHA
C YACTHBLIMU MHTETPAJIAMU B ITPOCTPAHCTBE CW*(D)

Paccmorpum cucremy unHTerpo-audepeHnuaabHbIX ypaBHEeHU ]

d
Ox;(t, s i
—%;3EZFMua@ua»+/£mu&m@um»m-+%w@, 0
j=1 !
¢ HAYaJbHBIM yCJIOBUEM
xi(a'y S) — 902'(8)7 (2)
met=1,---,n,t €la,bl,s €l|c,d|, a;;(t,s,u), c;i(t,s,o,u) n g;(t,s) — 3ajanubic HA
j j

D = [a,b] x [¢,d] x (—00, +00), D X [¢,d] X (—o0, +00) u D coorBercrenno (yHKIMHY,
a WHTerpaJibl MOHUMAIOTCs B cMbicsie Jlebera.

IIpeanonaraercs, aro [a, b] u [c, d] — Koneumnble oTpe3kn, a perrennem 3aga4au (1)/(2)
camuraercst BeKrop-dbyHkiusa r = (xy, ..., x,) (r; — HenpepbiBHas BMecte ¢ (x;); QyHK-
s ), yaoBieTBopsonias cucreme (1) n magampaoMy yemosuio (2). Ilyers C(D) —
MPOCTPAHCTBO HenpepbiBHLIX Ha D dynknuii, a CV"(D) — mpocTpancrso BekTOp-
bynkimit x(t, s) co snavennsimu B R" u ¢ (x;)}, (2;), € C(D) (i=1,---,n).
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Teopema. [lycmo dynrwyuu a;j u c;j HENPEPLIGHBL EMECTME C LACTIHHLMU NPOU3E00-
HOLMU N0 nepementot s,

laij(t, s, 7,u) —a;j(t,s, 7,v)| < Lijlu—v|,
lcij(t, s, T, 0,u) — cij(t, s, 7,0,v)| < Nijlu— v,

ede Li; u N;j — nexomopuie xoncmanmo, @; € C([c,d]), g € C(D) (4,5 =1,---,n).
Tozda sadava (1), (2) umeem eduncmeennoe pewenue ¢ C"(D).
Jnist okasaTesbcTBa OTMETHM, YTO 3aJada CBOJUTCS K SKBUBAJEHTHON CHCTEMe
HEJIMHEHHBIX YpaBHEHMU{ ¢ YaCTHBIMEU MHTErpaJaMi U ¢ PUMEHEHHEM MeTOJ0B u3 [1]
JIOKa3bIBAETCS CYIIECTBOBAHUE U €JIMHCTBEHHOCTH €€ PEeIeHNsI.

JUTEPATVYPA
1. Kasumseun A.C., Kasumsun B.A. Unrerpasbabie ypasuenus Bosabreppa u Bosbreppa - ®@pearosbma ¢ 9acTHbIMU
uaTerpasamu. Jlunenk: JIFILY, 2006. — 177 c.

Armen Kamalyan
kamalyan_armen@yahoo.com

O HEKOTOPLIX OIIEPATOPAX THUIIA CBEPTKN

Bronarcsa onnoMepHble olepaTopbl TATIA CBEPTKH B ONIPEJIEIEHNH KOTOPBIX POJIb TTpe-
obpazoBanne Pypbe WTpaeT CHEKTpagbHOE MTPeodpa3’oBaHue HEKOTOPOI'O CaMOCOIPS-
>keHHoro oneparopa [HItypma-JInysuiis na ocu. PaccmarpuBaercst 3a/1aum CBsi3aHHbIC
¢ reopueit Opejirosibma U ¢ Teopueit 0OpaTUMOCTU ITUX OIEPATOPOB.

D. B. Karp (Vladivostok, Russia)
dimkrp@gmail.com

GENERALIZED HYPERGEOMETRIC FUNCTIONS AS
COMPLETELY MONOTONIC, STIELTJES AND RADIAL POSITIVE
DEFINITE FUNCTIONS

In the talk we discuss various aspects of the theory of generalized hypergeometric
functions discovered recently by E.G.Prilepkina, J.L.Lépez and the author. In particular,
we demonstrate representations of these functions as Laplace, generalized Stieltjes and
Schoenberg transforms. In all cases the measure being transformed is expressed in terms
of Meijer’s G function. Applying the positivity conditions for this functions found by us
earlier, we give rather complete description of cases when generalized hypergeometric
function is completely monotonic, generalized Stieltjes and radial positive definite.
We calculate its exact Stieltjes order, relate the representing measures for the original
function and for the function of the reciprocal argument and negative reciprocal argument
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and examine various consequences of such representations. We further employ some
recent results from [1] to discuss when the generalized hypergeometric function is
radial positive definite for R” but not for R"*. Most results presented in the talk
are contained in [2-4] and our forthcoming paper [5].

REFERENCES

1. Golinskii L., Malamud M. and Oridoroga L. Radial Positive Definite Functions and Schoenberg Matrices with negative
Eigenvalues, Transactions of AMS, 2016, DOI:10.1090/tran/6876

2. Karp D. Representations and inequalities for generalized hypergeometric functions, Journal of Mathematical Sciences,
2015, Volume 207, Issue 6, 885-897. DOI:10.1007/s10958-015-2412-7

3. Karp D. and Lépez J.L. Representations of hypergeometric functions for arbitrary values of the parameters and their use,
to appear in Journal of Approximation Theory, 2017. Preprint arXiv:1609.02340

4. Karp D. and Prilepkina E. Hypergeometric functions as generalized Stieltjes transforms, Journal of Mathematical Analysis
and Applications, Volume 393, Issue 2 (2012), 348-359. DOI:10.1016/j.jmaa.2012.03.044

5. Karp D. and Prilepkina E. Stieltjes and completely monotonic generalized hypergeometric functions and related integral
evaluations, in preparation.

M. Lanza de Cristoforis (Padova, Italy)
mldc@math.unipd.it

ANALYTIC DEPENDENCE OF A PERIODIC ANALOG OF A
FUNDAMENTAL SOLUTION UPON THE PERIODICITY
PARAMETERS

We prove an analyticity result for the periodic analog of the fundamental solution
of an elliptic partial differential operator upon the parameters which determine the
periodicity cell. Then we show concrete applications to the Helmholtz and the Laplace
operators. In particular, we show that the periodic analog of the fundamental solution
of the Helmholtz and of the Laplace operator are jointly analytic in the the spatial
variable and in the parameters which determine the size of the periodicity cell. The
analysis of the present paper is motivated by the application of the potential theoretic
method to boundary value problems corresponding to anisotropic periodic problems in
which the ‘degree of anisotropy’ is a parameter of the problem.

Based on joint work with Paolo Musolino (Aberystwyth, Wales UK)
musolinopaolo@gmail.com

M. B. Hesckuii, A. FO. Yxasos (fpociasib, Poccus)
mnevsk55@yandex.ru, alex-uhalov@yandex.ru

O MMHUMAJIBHO HOPME MHTEPIIOJIAIIMIOHHOT O
ITPOEKTOPA

I[Iyctb n € N = [0, 1|™. Jlng n-MepHOro HEeBBLIPOXKJICHHOI'O CUMILICKCA S 4depes
9 n 9
0S obozHaunM 00pa3 CUMILIEKCA ITPU NOMOTETHH OTHOCHTEIHHO ero IEHTPa TsXKeCTH

¢ koapdunuenrom o. [Mosoxkum £(S) = min{oc > 1 : Q, C 05}, & = min{{(9) :
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S C @Qn}. B cuyuae S C @, vepes P 0003HaYMM MHTEPHOJISIIUMOHHBIA IPOEKTOD,
neicrBytonmii u3z C' (Qn) Ha [IPOCTPAHCTBO JIMHEHHBIX (DYHKIIUN 1 IePEeMEHHBIX, Y3JIb
KoTOporo copnaatoT ¢ Beprmuaamu S. Ilycrs 0, = min{||P|| : S C @Q,}, e || P|| —
nopma P kak oneparopa uz C(Q,) B C(Q,).

[Ipu m1060M N ClipaBeIMNBLI HEPABEHCTBA

1 1
"l -1 r1<e, < 1T
n

Tounble 3HaveHus @, U3BECTHBI JuUlIb Jid n = 1,2,3,7. s 5TuxX n npaBoe HepaBeH-

(6, — 1) + 1. (1)

ctBo B (1) obpartaercst B papeHcTso. metor Mecto coorHomennst 6, < n'/?, n<¢, <
n+ 1. Ecim cymecrByer marpunia Ajjamapa nopsiiaka n—+ 1, To &, = n. [Io noBosy 3Toii
pOOJIEMATHKE U PA3HOOOPA3HBIX OIMEHOK cM. [1].

B nokmazie mpennosaraerces MpuBECTH HEKOTOPBIE HOBBIe pesynbrarst (|2, [3]). Ho-
Ka3aHo, 4To

05 < 2.44804, & =5, & < 6.0166, & =9.

Takum obpazom, CyIEeCTBYIOT TaKue N, JJjs KOTOPBIX N + 1 He sBjisgercs aucaom Ama-
Mapa u, TeM He MeHee, &, = n. [lo npejo/ioxKenno aBTOpOB,

7 19 + 5v/13
b= =23333.... §4:+T‘/_

Ecin 310 1npejioioyxKenre BEpHO, TO MUHUMAJBLHOE 7, TIPU KOTOPOM TIPaBOe HepaBeH-

=4.1141...

crBo B (1) siBisiercst crporuM, paBHo 4.

JUTEPATVYPA
1. Hescxuti M. B. 'eomeTpruyiecKkue OIEHKH B MOJUHOMUAIBHON mHTepHonganuu. fpocnaasas: Apl'y. 2012.
2. Hesckul M. B., Yzanoe A.I). O 4ucioBhIX XapaKTEPUCTHKAX CHUMIIJIEKCA M WX OIleHKaxX. Mozen. u aHaam3 mHOOPM.
cucrem. 2016. Tom 23, Ne 5, crp. 603-619.
3. Hescxuti M. B., Yzansoe A. 0. HoBble OIIEHKN YNCJIOBBIX BEJUYWH, CBSI3aHHBIX C CUMITIEKCOM. Moges. u aHaimms3 nHbOPM.
cucrem. 2017. Tom 24, Ne 1, cTp. 94-110.

B. B. HoBukoB (Duresnc, Poccus)
vvnovikov@yandex.ru

SABJIEHUE TUBBCA IJId JAKYHAPHOII MHTEPIIOJILIINN

O6oznaunm vepes Q,(f, ) rpuronomerpuueckuii (0,2,3) MHTEPHOJAIMOHHBIT MHO-
rowien Bupkroda (cm., Hampumep, [1]) 2r-nepunouaeckoit bynknun f ¢ ysnamu {zy, =
2nk/(2n + 1) }}__, Takoii, 4To

Qn(fa xk,n) - f(xk,TL)a Q;;J(fa xk,n) - Q/r;/(fa mk,n) — 07 k= —n,n.

B Teopuu psijioB Oyphe 110 pa3jiniaHbIiM OPTOTOHAJBLHBIM CUCTEMAM XOPOIIO U3BECTHO
sipjienune ['nb0ca. He menee usBecTHbiM pakTOM SBJISETCSH CXOJCTBO MEXKJIY 4aCTUYHbI-
MU cyMMaMu psjia Pypbe U HEKOTOPBIMU WHTEPHOJAIUOHHBIMI TTOJUHOMaMU. B cBa3n
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C 9TUM BO3HUKAET BOIPOC O HAJIMIHMK aHAJOra dBjeHus ['ubOca g pa3jniHbIX HHTED-
NOJISIIIMOHHBIX TIpoIeccoB. OTHOCUTENHHO HeaBHo, B 1994 rojy [2], Haauuune siienmust
['nb0Oca ObLIO yCTAHOBJIEHO JIJIsi MHTEPIIOJSIMOHHOIO Tpolecca Jlarpanxka. Kak B yka-
3aHHOII cTaThe, TaK W B PsiJie TIOCIEIYIONMNUX padoT, pacCMaTpUBAJIACh TPUTOHOMETpHIIe-
CKas MHTepHoJdnys Jlarpanxka ¢ paBHOOTCTOSIIMME y3JaMy WU ajredpandeckas NH-
reproJsinns ¢ yajaamu Heodnimena 1 poga. Cremyiolnee yTBepKeHIE JTaeT IaCTHIHbI
OTBET Ha BOIPOC O HaJMUuK siBjieHust ['ub0ca st JAPYyIrUuxX TUIIOB UHTEPHOJSAIUMOHHBIX
ITPOIIECCOB.

Teopema. Awnanroz asaenus [ubbca umeem mecmo Oid AGKYHAPHO20 UHIMEPTLONA-

yuonnozo npouecca {Qn(f, )} .
JUTEPATVYPA
1. Lorentz G. G., Jetter K., Riemenshcneider S. D. Birkhoff interpolation. Reading, Massachusetts: Addison-Wesley, 1983.
2. Helmberg G. The Gibbs phenomenon for Fourier interpolation. J. Approx. Theory 1994. V. 78. P. 41-63.

M. B. Hopkun (Pocros-na-/lony, Poccus)
norkinmi@mail.ru

KABUTAIIMOHHOE TOPMOYKEHUE JIJIUTITUYECKOTO
MUJINHIPA B YKUJIKOCTU IIOCJIE VIAPA

PaccmarpuBaercs BepTUKAIbHbBINA U 0E30TPHIBHBIN yJap SJIUIITUYECKOTO TUJINHJIPA,
HOJIYIIOI'PYKEHHOI'O B MJI€aJIbHYIO HECXKUMAEMYIO 2KUJIKOCTH KOHEeUHOH 1yiyOunbl. [Tpeji-
[oJiaraeTcs, 4To Mocje yjapa CKOPOCThb MUJINHAPA YMEHBIIACTCA 110 JIMHEHHOMY 3aKOHY
(MpOMCXOUT TOPMOXKEHNE TeJia B KUJAKOCTH). [Ipn GOJIBIINX YCKOPEHHUSIX BO3HUKAIOT
00J1aCTU HU3KOI'O JlaBJieHUst BOJIM3U Tejia U 00pas3yroTcs MPUCOEMHEHHbIE KABEPHDI.
OTpBIB BO3HUKAET Cpa3y MO KOHEYHLIM yJacTKaM TOBEpXHOCTH Teja. [Ipu sToM Bask-
HYIO POJIb UI'PAIOT Ha4vaJIbHbIE 30HbI OTPbLIBA U KOHTAKTa, KOTOPbIE OIPEJIeAA0TC Ha
OCHOBE peIleHns CMEINTaHHON KPaeBoil 3a/laun TeOpUn MOTEHIMAJA ¢ OJHOCTOPOHHUMUA
ONpaHMYCHUSIMK Ha [MOBEPXHOCTHU TEJIa B MEPBOHAYAJBHO HEBO3MYIIEHHON obstactn ()

AP, =0, Re, P = —f(q)o), Re S
0,
on
0P
a—nl > wny, po—P1— f(Pg) — Fry=0, RE Sy

0P, 0*® . 0Py 1 9
oy o2 y=—H; f(q)0>—a—y+§(v‘1’o)

3nmech S11 u S1o — HaYAJbHBIE 30HBI KOHTAKTa M OTPLIBA; So — HEBO3MYIIEHHAS CBO-

= wny, p0—<I>1—f(¢0)—F7“*2y>0, Re S

bosHas rpaHuna xujkoctu; H — riybuna »xujgkoctu; $y — noreHIua s CKOpocTei, mpu-
OOpeTEeHHbIX YaCTUIIAMU YKUJKOCTH B pe3ysbTare yjapa; w — 0e3pazMepHoe YCKOPEeHHUe
MUJIUHJIPA; Py — Oe3pazmepHoe arMocdepHoe nasiaenue; Fr — uncio Opyna.
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Ha ocnoBe pemenns 3Toit 3a1a9m OMPeEIOTCA BO3MYIIEHN BHyTPEHHe! 1 BHETI-
Heil CBODOJIHBIX I'PAHNIL XKUJKOCTH Ha, MaJIbIX BpeMeHax. [IpuBojsaTest npuMepbl ducjieH-
HbIX pacueToB 00pa30BaHUsi OJIHON M JIBYX KaBepH BOJIM3U I'DaHUIlLI Teia. B dacTHOM

cllydae KPyroBOTO IUJIMHJpa TTOCTABIEHHAS 33/[a9a U3ydeHa B crarbe [1].

JUTEPATVYPA
1. Hopxun M. B. KaBuTanmoHHOEe TOPMOXKe€HHe KPYTrOoBOr'0 INMJIMHApPA B XKUIKOCTH IOocje yaapa. llpuknanmada MexaHWKa U
rexanaeckaa dusuka. 2017. Tom. 58, Ne. 1(341), crp. 102-107.

A.S. Silva (Aveiro, Portugal)
anabela.silva@ua.pt

AN INVERTIBILITY CRITERION FOR WIENER-HOPF PLUS
HANKEL OPERATORS ON VARIABLE EXPONENT LEBESGUE
SPACES

In this talk, we present an invertibility criterion for Wiener-Hopf plus Hankel operators
acting between variable exponent Lebesgue spaces on the real line. This is obtained by
a so-called odd asymmetric factorization which is applied to the Fourier symbols of the
operators under study.

This is based on a joint work with L.P. Castro. A.S. Silva is supported by FCT-
Portuguese Foundation for Science and Technology through the postdoctoral scholar-
ship SFRH/BPD /96763/2013.

Smirnova I.Yu. (Rostov-on-Don, Russia)
ON A CLASS OF MIXED NORM BERGMAN TYPE SPACES

We introduce and study the weighted mixed norm Bergman type space on the unit
disc D in the complex plane. We prove boundedness of the Bergman projection and
provide characterization of a function in such spaces in terms of behavior of their Taylor
coefficients.

JI. B. Crecdanenko (Pocros-na-/lony, Poccusti)
stefanenko.lv@mail.ru

O CIOPBEKTNUBHOCTU OIIEPATOPA CBEPTKU B
ITPOCTPAHCTBAX POCTKOB I'OJIOMOP®HLIX ®YHKIINI HA
BBIIIVKJIBIX MHO2KECTBAX

ITycts () — coberBennoe Bhimykioe nogmuoxkectso C, obiajatoriee caeTHbIM Da3u-
COM OKPECTHOCTEH, COCTOSIIIUM 13 BbIIYKJIbIX ObJiacTeii. CeMeiicTBO TaKuX MHOXKECTB
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COJIEPIKUT BCe BblilyKJble 0bjactu u Bbiiykibie kominaktbl B C. Hanee H(Q) — upo-
CTPAHCTBO POCTKOB BcexX (pyHKIM, rogoMopdHbXx Ha (). 3aduKcUpyeM BbBITYKJIbIi
komrakT K B C u uHeiiHbIil HenpepwiBHBIH dyaKIoRa 4 Ha H (K). Oneparop ceepr-
ku T, (f)(2) == pu(f(t + 2)) orobpaxaer H(Q) + K) B H(Q).

BosbIioe ducyio paboT MocBAIIEHO NMpobJieMe CIOPBHEKTUBHOCTH ONEPATOPOB CBEPT-
Kn 1), JUls pasiIniHbIX KJIacCOB MHOXKECTB (), Kak Bblle. [I1a BbIIyK/bIX obsacTeil
1 KOMIIAKTOB () JIOKA3aHbI KPUTEPHU CIOPbEKTHBHOCTH 1), (B TEpMHUHAX aCHMIITOTH-
4eCKOro 1OBeJIeHUst cuMBOJIa [ (DYHKIMOHAA [4; CM., Hanpumep, o63op [1]). Ilycrs
S:={a € Clla] =1}; Hg(z) := supRe(te"), z € C, — onopuag dynkuusa Q; Rg

te@

— MHOXKECTBO BCex a € S Taknx, 4t0 Hp(a) omudno oT 6eCKOHETHOCTH 1 He CyIIe-
CTBYeT OKPECTHOCTH @, B KoTopoil dbyukiua Hg rapmonnyna. na A C S nonoxum
['(A) :={ta|t >0, a € A}. OCHOBHBIM DPE3yJILTATOM SIBJISIETCS

Teopema. IIycmo snympennocmo Q) nenycma. Ecau onepamop T, : H(Q + K) —
H(Q) cropvexmusen, mo daa aobozo komnarxma A 6 Rg dynkyua 11 medaienno yoovi-
saem na I'(A).

[Tpu jokazaresibeTBe IpUMeEHsieTcst uiyinast ot JI. Dpentnpaiica TeXHUKa ¢ HCIOJIH30-
BaHUEM CyOTapMOHMYECKUX MaxXopaHT. OTMETHUM, 9TO BO MHOTHX CJIYYAsAX JIJIsT BBITYK-
JIBIX MHOYKECTB CO CMEITaHHOW MeOMeTPUIECKON CTPYKTYPOil CIOPbEKTHUBHOCTH OIEePaTO-
pa T),, IOMUMO PeryJisipPHOCTH POCTa [I, BJEUET CIEeIUATILHOE [OBEJIeHIEe HAIIPABJICHN
CU'YLIEHUSE HyJIeH [I B 3aBUCUMOCTH OT I'€OMETPUU 4acTu (OTHOCUTEJLHON) IDAHULbI
MHOXKecTBa (), cojepxxaireiics B (). nss MHOXKecTB (), KaK BBIIIE, CIOPbEKTUBHOCTH
oreparopa 1), He HAKJIAJbIBACT TAKNX JIOMOJHUTEILHBIX OTPaHNIeHnil Ha pacrpeeie-
Hue HyJei 0.

JUTEPATVYPA
1. Kopobetinux FO. @. O pa3pemmnMocTy B KOMIJIEKCHON TIJIOCKOCTH HEKOTOPHIX KJIACCOB JIMHEHHBIX OTIEPATOPHBIX yPABHEHNUA.
Pocros-na/lony: uza-so KODY. 2009.

®. C. Crousgkuu (Cumdepornosn, Poccus)
fedyor@email.ru

CYBJIMHEHEBINT AHAJIOT TEOPEMEI BAHAXA-MA3VYPA B
BBIIIYKJILIX KOHYCAX C HOPMOU

Becnma xoporiio uzsectna Teopema banaxa-Masypa, Koropast yTBep»K1aeT, ITO BCsi-
Koe cerapadesibHoe DaHaXO0BO MTPOCTPAHCTBO U30METPUICCKH M30MOP(MHO HEKOTOPOMY
nonpocrpanctBy npocrpanctsa C|0; 1] mempepsiBabix dbyukmumit ¢ : [0;1] — R co
craHgapTHON sup-aHopmoit. B [1| mokaszan anasor sToro pesysbrara JJisd cenapabesb-
HBIX IIPOCTPAHCTB C HECUMMETPUYIHON HOPMOU, KOTOPBIN yTBEPXKIACT UX BJIOXKEHUE B
C'[0; 1], nangenéunoe HecumMmeTpudaHON HOpMOil. Takoe BoKeHUe, BOOOIIE MOBODsI, HE
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MOXKeT ObITh U30METPUUHBIM OTHOCUTEJILHO cTaHiapTHoil sup-wopmbl B C[0; 1]. Hamu
OJIyUeH aHaJIor TeopeMbl Banaxa-Masypa B ciieyromeM Kiacce BBITYKJIbIX KOHYCOB.

Omnpenenenue 1. bBydem nasvieams svinykivd konyc X ¢ HOPMOT 0MOEAUMDBIM,
ecat Oas x1 # o ud X cywecmsyem aunetnod gynkyuonan £ : X — R maxot, umo
U(x) < ||x|| daa scer x € X u b(xq) # U(xs), npuwém (1) > 0 wau £(xg) > 0.

OTrMmeTuM, 9TO HOPMA B BBIIYKJIOM KOHYCE AHAJOTMYHO CAyYal0 JHHEHHOro Ipo-
CTPAHCTBE, HO C 3aMEHON aKCHOMBI OJHOPOSHOCTH Ha MOJOKHUTEIBHYIO OJHOPOIHOCTD.
MoxKHO JI0Ka3aTh, 9TO BO BCAKOM OTJEIMMOM HOPMHUPOBAHHOM KOHyce X CyInecTByer
OJIHOpOJIHAs MeTpHuKa d 1 Ha eé Oa3e BBECTU CBOUCTBO d-cernapabesbHOCTH OTHeTUMO-
r0 HOPMHUPOBAHHOIO KoHyca X Kak Merpudeckoro npocrpanctsa (X, d). B yacrrocTn,
ecJin TPOCTPAHCTBO E ¢ HecuMMeTprIHOH HOpMOIl || - | cenapabesibHO 110 coracoBaH-
HOW ¢ Heji cummerpuunoit Hopme [1], To (E, || - |) — d-cemapabesbHBIH OTaETUMBIIT
HOpMEUPOBaHHLIH Koryc. Cdopmynnpyem Tenepb anajor reopembl Banaxa-Magzypa st
d-cenapabesibHbIX OTJEJUMbIX HOPMUPOBAHHBIX KOHYCOB.

Teopema 1. IIycmv X — d-cenapabesvrviti omdesumviti HOPMUPOSAHHBIT KOHYC.
Tozda X cybaumnetino uHBEKMUEHO USOMEMPUUHO GAONHCEH 6 MPOCMPAHCIGO HENPE-
puenoir Pynruut C[0; 1] ¢ sup-nopmots u ecmecmeennvim HacmuaHbLm nopaoKom.

Pabora BoimosiHena npu ¢gpuHaHcoBoit nojjepkke rpanta Ilpesugenra PO st mo-
JIOJbIX YUEHbIX-KaH/11aT0B HayK, Koj MK-176.2017.1.

TUTEPATYPA

1. Bopodun II. A. Teopema Banaxa—Ma3sypa fjisi IPOCTPAHCTB C HECUMMETPUIHON HOPMOHN U €e IPUJIOKEHUs B BBIIYKJIOM
amasmm3e. Marem. 3amerku. 2001. Tom. 69, Berm. 3, cTp. 329 -337.

Wolfgang Sproessig (Institute of Applied Analysis, TU Freiberg,
Germany)
sproessig@math.tu-freiberg.de

HYPERCOMPLEX ANALYSIS IN APPLICATIONS

Hypercomplex analysis can be seen as some kind of ,complex function theory* for
higher dimensions, where complex numbers are replaced by quaternions, coquaternions,
split quaternions, Clifford numbers, octonions, sedenions etc.. Hyperholomorphic functions
play the role of holomophic functions of the complex function theory in the plane.
They are zero solutions of higher-dimensional versions of Cauchy-Riemann equations
(Riesz system, Fueter system, system of Moisil-Teodorescu, etc.).In this talk we reduce
our considerations to quaternion valued functions over 3D-domains. As in the classical
function theory also in higher dimensional versions some operators are important: Dirac
operator, Teodorescu transform, Cauchy-Fueter operator as well as the orthoprojections
on the Bergman space of the Hilbert space (module) and on its complement. For
boundary value problems we also need so-called projections of Plemelj type which
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are connected with the Cauchy-Fueter operator. We use and derive analoga of basic
theorems of the plane function theory. Using Bergman-Hodge decompositions boundary
value problems can be considered. In this talk will be magnetic fluid flow and shallow
water problems in the focus of applications. Further results belonging to Appell polyno-
mials, hypercomplex parabolic Dirac operators, Dunkl operators, generalized Eisenstein
series, Clifford transform analysis, spaces of holomorphic functions, etc.. are shortly

explained.

REFERENCES
1. Guerlebeck K., Habetha., K. Sproessig W. Application of holomorphic functions in two and higher dimensions. Birkhauser,
Basel. (2016).

S. M. Tabatabaie (Qom, Iran)
sm.tabatabaie@qgom.ac.ir

COORBIT SPACES RELATED TO LOCALLY COMPACT
HYPERGROUPS

Coorbit spaces were introduced in a series of papers by H. G. Feichtinger and K. H.
Grochenig in 1980’s and 1991. By using coorbit spaces and their related concepts, via
a voice transform one can construct a full scale of smoothness spaces. In this paper, we
initiate coorbit spaces on locally compact weighted hypergroups and specially, we give
some necessary and sufficient conditions for the extended coorbit space to be complete.
In particular, we find admissible vectors of the left regular representation of compact
commutative hypergroups, and we study the coorbit space related to the dual of an

important class of hypergroups, introduced by Dunkl and Ramirez.

REFERENCES
1. Bloom W. R. and Heyer H. Harmonic Analysis of Probability Measures on Hypergroups, De GruYter, Berlin, 1995.
2. Feichtinger H. G. and Grochenig K. H., Banach spaces related to integrable group representations and their atomic
decompositions II, Monatsh. Math. 1989. Vol. 108, pp. 129-148.
3. Tabatabaie S. M., The Problem of density on L?(G), Acta Math. Hungar. 2016. Vol. 150, pp. 339-345.

T.E. Tileubayev (Astana, Republic of Kazakhstan)
Tileubaev@email.ru

THE INVERSE THEOREMS OF APPROXIMATION THEORY OF
FUNCTIONS IN Lpw SPACES

Let 1 < p < oo. Denote by Lg’ﬁ be the space of all functions f measurable on [—1, 1]
with the finite norm

1

11l = ( / P2t x)ﬂ);

In the case p = oo we set L& := C[—1,1] and || f||o = max;_y 1| f(2)].
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For a > 8 > —3. We conseder the system P(z), n € Z. is orthogonal on [—1, 1]
with weight w = (1 — 2)%(1 4 2)” and normalized by the condition

Pos
Ruli) = Ry () = Tt
Py (1)
For f € Lg’ﬁ .1 < p < oo we define the Jacobi generalized shift operator
+1
T°f(t) = f()K(t,s,2)(1 —2)*(1 + 2)°dz, -1 < t,s,2 < 1.

We note some properties of the functionsK (¢, s, ) to be used in the future [1,2]:

K(t,s,0) >0,0<t,s,0<m
+1
K(t,s,2)(1 —2)%(1+2) dz=1

+1

Ro(t) Ro(s) / Ru(2)K (£, 5, 2)(1 — 2)°(1 + 2)°dz.

-1
For f € La5 we define the k — th generalized Jacobi difference by the rule A} f(t) =

T*f(t) — f( ), AFF(#) = ANAFTF(#), B = 2,3,... The k — th generalized Jacobi
modulus of smoothness is defined by the equation Qk(f, )y = SuPp<pes 1O F()]lp-

Theorem 1. If f € Lg’ﬂ, 1 <p< oo, then

NS,y < o (Z V%“Eﬁ(f)p>p 1<p<2

n
v=1
1
2

< G (SE,) 2epen

where C' = C'(k,a, B) is a positive constant.
Theorem1 is a strengthening of theorem 4.4 from [3, 160p.]
Theorem 2. If f € Lg"ﬁ,l < p < oo and series

Z VB (f), < 0o
v=1

then a function f belongs to the Sobolev space W and for every positive integer n € N
, we have for 1 <p <2

T 1 C . T)p— 5 - r—
Qu(B" [, n) < = 2k (Z y 20 1E1u)1<f>p> + Z v 1E1/71(f)p
v=n-+1

v=1
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and for 2 < p < o0

DO

+ V2T_1EV—1(f)p )
v=n+1

C n
Qu(B" f, %)p < T (Z V4k1E3(f)p>
v=1

where C'= C'(k,«, 8) is a positive constant.
Theorem 2 is a strengthening of theorem 4.5 from |3, 161p.]

REFERENCES
1.Gasper G. Positivity and the convolution structure for Jacobi series //Ann.Math,1971,Vol 93,No 1,pp. 112-118.
2.Gasper G. Banach algebras for Jacobi series and positivity of a kernel//Ann. Math.1972.Vol 95.No. 2,pp. 260-280.
3.Platonov S. S.Fourier-Jacobi harmonic analysis and approximation of functions //Izb. RAN.ser.Mat.2014, Vol.78, No.1,
pp.117-166.

A.Yu. Trynin (Saratov, Russia)
tayu@rambler.ru

SINC APPROXIMATION OF BOUNDED VARIATION FUNCTION

E. Borel and E.T. Whittaker introduced independently the notion of a cardinal and
a truncated cardinal function, whose restriction on the segment [0, 7] reads as follows:

o) — " sin (Qx — kw)f<k_7r> _ i (_1)/@sinQscf(k:_7r>7 )

Qv — km Q Qv — km Q
k=0 k=0
here > 0 and n = [Q] is integer part 2 € R. The function Sinégx) called sinc- function.

At present, the problem on sinc approximation of function decaying exponentially at
infinity and analytic in a strip containing the real axis is studied in great details.

Theorem 1. Let 0 < a <b<m 0<e < (b—a)/2 and Vi]a,b]— total variation
continuous function f on [0, 7). If Vi[a,b] < oo, then we have

S%lm ||f - CQ(f7 ‘)HC[CH-&:,b—g] = (.
—00

Here operator Co(f,-) defined in (1).

A.1. Fedotov (Kazan, Russia)
fedotov@mi.ru

BOUNDNESS OF THE LAGRANGE IMTERPOLATION OPERATORS
IN MULTIDIMESIONAL SOBOLEV SPACES

Let £, be the usual polynomial Lagrange interpolation operator of order n € N
w.r.t. the equally-spaced collocation points on [—7, 7] and H*® be Sobolev space.
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Theorem 1. The operator L, is bounded and the following estimate is valid

N Lollmsoms < V/14+C(2s), n=1,2,..,

where ((t) = Z;’;lj_t— is the Riemann’s C-function bounded and decreasing fort > 1.
Let L, be the polynomial Lagrange m-dinesional interpolation operator of order
n € N w.r.t. the equally-spaced by each dimension collocation points on [—m, 7|™
and H® be m-dimesional Sobolev space.
Theorem 2. For alls € R, m € N, m > 2, s >m/2, and n € N™ the following
estimate holds:

m s+1

| Lol mrosms <272 m'2 M*(n)y/14 (25 —m + 1),

M(H)( Va2 )

min(n)

The same results are valid for the polynomial Lagrange interpolation operators in
weighted Sobolev spaces.

REFERENCES
1. Fedotov A.I On the asymptotic convergence of the polynomial collocation method for singular integral equations and
periodic pseudodifferential equations. Archivum Mathematicum. 2002. Tomus. 38, No. 1, pp. 1-13.
2. Fedotov A. I. Estimate of the norm of the Lagrange interpolation operator in a multidimensional Sobolev space. Mathematical
Notes. 2007. Vol. 81, No. 3, pp. 373-378.
3. Fedotov A. I. Estimate of the norm of the Lagrange interpolation operator in a multidimensional weighted Sobolev space.
Mathematical Notes. 2016. Vol. 99, No. 5, pp. 747-756.

D. V. Fufaev (Moscow, Russia)
fufaevdv@rambler.ru

TENSOR PRODUCTS AND CONVERGENCE ALMOST
EVERYWHERE

A lot of classical results of harmonic analysis on the convergence almost everywhere
for summable functions could be formulated in terms of weak type property for the
maximal operator, associated with some family of linear operators for the general case
of abstract measure spaces. Namely, the following theorem generalizes the result [1,
XVIL3.1]:

Theorem 1. Let (X, ) be a space with finite measure, {T), }nen — sequence of linear
operators, T,, : L1(X) — LY(X). Assume that

1) corresponding mazimal operator T : LY (X) — LY(X), Tf(x) = sup|T,.f(x)|, is
neN
of weak type (1,1), that is, there exists C > 0 such that for any X > 0, f € L'(x) the

) ) ) - . Cllfll .
following inequality holds: p{x € X : T f(x) > A} < %’
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2) for any ¢ € L, where L is a dense subspace of L'(X), we have li_)rn T.¢(x) = ¢(x)
a.e. on X. .

Then li_)rn T.f(z) = f(x) a.e. on X for any f € L}(X).

Hovve\?er,OO this result doesn’t provide convergence a.e. of rectangular Fejer-Chesaro
means for f € L(log™ L)?1(T?) (see [1, XVII1.2.14]). To obtain such results, we need
to consider the products of measure spaces (X' x X2, u! ® p?) and tensor product of
operators: T' @ T? : LY(X! x X?) — LY(X! x X?). In these terms we can generalize
result about rectangular Fejer means by the following theorem:

Theorem 2. ([2]) Let (X', u'),i = 1,...,d be spaces with finite measures X =

d . . . . .
[T X", {T!}hien — sequences of integral linear operators, T', : L'(X") — L*(X").
i=1

Assume that
1) corresponding mazimal operators T : LY(X) — LY(X), Tf(z) = sup |T.f(z)|,

neN
are of weak type (1,1);

2) for any i,i =1,...,d, ¢ € L, where L is a dense subspace of L'(X"), we have
lim T!¢(x) = ¢(x) a.e. on X
n—oo
Then lim @ T'f=f ae. for any f € L(log™ L) (X).
miin(nz)—>oo 1<i<d

REFERENCES
1. Zigmund A. Trigonometric Series, Vol. 1, 2. Mir, Moscow. 1965.
2. Fufaev D. V. Convergence of products of operator orientations. Moscow University Mathematics Bulletin. 2016. Vol. 71,
No. 4, pp. 151-160.

I. G. Tsar’kov (Moscow, Russia)
tsar@mech.math.msu.su

e-SELECTION ON LINEAR SUBSPACES IN L, !

In what follows, X is real Banach space and B(x,r) is the closed ball with centre

x and radius r > 0. The best approximation, that is, the distance of a given element

x € X from a given non-empty set M C X is, by definition, o(x, M) = inj\f4 |z =yl
ye

The set of all nearest points in M is denotes by Py, i.e. Pyx :={y € M | o(x, M) =
|z —y||}. The best approximation operator Py is well known to be poorly stable even
Chebyshev subspaces M. In order to improve this situation we consider the concept of
e-selection.

Definition 1. Let € > 0 and M C X. A map ¢ : X — M s called a multiplicative
(additive) e-selection if for allz € X ||lx—p(z)|| < (14€)o(x, M) (respectively, ||x—

IThis research was carried out with the financial support of the Russian Foundation for Basic Research (grant no. 16-01-00295)
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e(@)|| < olx, M) + ¢), that is p(x) € B(x, (1 +¢)o(x, M)) N M (respectively, p(x) €
B(z,o(x, M) +¢e)NM).

The existence of continuous e-selections have been studied by Konyagin, Marinov,
Tsar’kov, Albrecht, Rutin, Livshits, and others (see [1]-[4]). In particular Albrecht
proofs that on a finite subspaces ¢ of L,[0,1](1 < p < co) there exists a multiplicative

Lipschitz e-selection with constant equals to Ca'é_a, where is C' > 0 depends on
n = dim . The next assertion make more precise Albrecht’s rezult for p > 2.
Theorem 1. Let be p > 2, ¢ > 0, L, = L,(2, X, ), let be ¢ a subspace of L, and

n = dim {. Then there exists a multiplicative Lipschitz ev-selection on ¢ with constant
p—2 1_1
p

g2 v, where is C > 0 doesn’t depends on € and n.

REFERENCES
1. Alimov A. R., Tsar’kov I. G. Connectedness and solarity in problems of best and near-best approximation//Russian
Mathematical Surveys. 2016. Vol. 71, No. 1. P. 1-77
2. Tsar’kov I. G. Continuous e-selection// Sbornik: Mathematics. 2016. Vol. 207, No. 2. P. 267-285.
3. Tsar’kov I. G. Local and global continuous e-selection// Izv. Math. 2016. Vol. 80, No. 2. P. 442-461.
4. Al’brecht P. V. Orders of moduli of continuity of operators of almost best approximation// Russian Academy of Sciences.
Sbornik. Mathematics, 1995, Vol. 83, No. 1, P. 1-22.

equals to Cn

M. M. Iunas (Pocros-Ha-/lony, Poccust)
tsvilmm@mail.ru

OABEPOBCKUE IIPUBJIM2KEHU A MHOI'OMEPHOI'O 4A/1PA
KOIIINn

+ _ Dt pt + D — Do - -

Ilycte D™ = D XDy x...xD;, D™ = D| XDy X... XD, — nomunuiannipuieckas
00J1aCcTh B n-MepHOM KoMILiekcHoM npocrpancTse C" ¢ octoBoM 0 = L1 X Lo X ... X Ly;
riae D — koHeuHast O{HOCBSI3HAsL OOJIACTD B IJIOCKOCTH C', orpanndennas cripsmis-

eMoil 2KOp/laHoBO# KpuBoit Ly; D, — ee jionojHenue J1o Beeil 1J10CKoCTH; PyHKIMs 2 =
Ui (wi)

KOH(MOPMHO U OJIHOJMCTHO OTOOpaXkaeT BHENTHOCTh euHuIHOTO Kpyra {|wy| > 1}
Ha obsacts D npu ycaosusx Yp(00) = 0o, ¢ (00) > 0; bdynxuus w, = @(2;) —
obparnast K ¥r(wy), k=1,2,...,n.

O6oznaunm depes T" — emunmansiii Top; [I" = { € R": — 7 < O, < 7, k =
1,2,...,n} — n-mepubiii Kyd; Z" — MHOKeCTBO BeKTOPOB £ = ({1,0s,..., L) ¢ nesio-
YUC/IEHHBIMU KOODJMHATAMN; £} — MHOXKECTBO BeKTOPOB £ € Z™ ¢ HEOTPULATE/IbHBIME
KOOPJIMHATAMH.

Paccmorpum B DT dyukiuo f(2) n KOMILIEKCHBIX MEPEMEHHBIX, KOTOPast MpPeJi-
craBuMa uHTerpajiom Tuia Ko ¢ mwiornocrsio 7(¢). B pabore [1] nocrpoen anasior
dopmyiibl B. K. /I3s1ibika cyMmmupoBatusi 00001eHHbIX PsijioB Padepa n 1epeMeHHbIX:

T r(C(=0))  g(Q)dC _
P = G | SO0 | Seay e

I~ o
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+
= E )\éaﬂq)ﬁ(zyg)a zeD ) Q+ :QDZ:L—? (1)
ey

rie So(0) = S Aell — npousBosbHBLT TPUIOHOMETPUUECKUH IOIXHOM 7 IIEPEMCH-
e
HbIX, ) — KOHEUHOe TTOAMHOXKeCTBO peretkn £, $y(z, g) — 000OIIEHHBIE TTOTMHOMBI

Dabepa n-nepemennbix, I = (1,1,...,1).
Bo BayTpennem nnterpase ¢gopmysbl (1) mpoBeseM 3aMeHy MepeMeHHONW WHTerpH-
poBaHus 110 (popMyJiaM

M= Ge{—0k), o =me(O),  dCk = ¥y, (n(m)e™)e (n)dn.

3aTeM B MOJyYeHHOM WHTErpaJje BMECTO 1) ocTaBuM (, MOMEHsIeM TOPsIIOK WHTErPHU-
poBanusi. B pesyiibrare 1ojyaum

_ L a1t 9O P (Qe”] g 1\ ()
P (2= gy | 78 g [ S0 o s

o 11"

Besnuuny, crosiuyio B uryphbix ckobkax, obosnaunm Ho, ((, z). dus neé nvmeem
npejicTaBjenne

M ®o(z; 9)
H +(C7Z) - T LT/ A
060 = 2 TR

- Jp1(G)]) L. Torna pasencrso (1) mpuBoAUTCA K BUJLY

1 ¢'(C)
(2ni)" U/ T Ha. (6 2y g1

¢ €o, (2)

e o = [ (¢)]0

PQ+(Z) = dC

1 1 ¢'(C)
1) = Pos(e) = g 10| 7 — Ho (60 55 e
" (2me)" (€ —2)! ' 9(¢)
Takum 00pa30M, BOZHUKAET 3aJ1a49a O HAUJIy4IIeM IPUOJINYKEHU MHOTOMEPHOIO s1JIpa,
Ko cymmamu suja (2).
Bosee mospobuo pacemarpuBaercs caydait g(z) = 1.

JUTEPATYPA
1. IJsuav M. M. O cymmupoBaHUM KpaTHBIX 0000meHHbIX psigoB Pabepa // Tes. nokia. Mexaynapoauoro cemunapa «Co-
BPEMEHHBIE METO/Ibl W TIPO0IEMBl TEOPHUH OMEPATOPOB M TAPMOHWYECKOT0 AHAIN3A M WX MPUIOXKeHusi». Pocros-ua-lony, 2013.

C. 42-43.

A. ®. Yysenkos (Pocros-na-/lony, Poccus)
chuvenkovaf@mail.ru

O HEKOTOPBIX HOBBIX I'PAH/I-ITPOCTPAHCTBAX OPJINYA
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,S
coBbix mpoctpancts Opimva Ly (€, w), nopoxaenubix N-dbyuxiusavu M (u), nmero-

X PasIMIHbIe CKOPOCTH yObIBaHWst B Hyse (p1) M pocTta B OECKOHETHOCTH (P2).

[Ipejiiiosiaraem, 4To BBINOJHSAIOTCH OrpaHuuenus 1 < p; < oo, 1 < py < o0,
p = min{py, p2}. s moboro momoxuTeabroro seca a(x) u3 mpocrpancrtsa Ly (), w)
OIIpe/IeJIsIeM HOBDLIU (,ﬂOHOJIHI/ITGJIbeIfI) Bec (popMytoit

BBojmbie MpaHj-IpOCTPAHCTBa (B 4aCTHOCTH, Ly (Q,w)) crposiTest Ha OCHOBE Be-

ws(2) = ws(a, M) = (p6)r M’ (a(z)) - w(z), 0<35<1—1/p.

Yepes L‘}W) (2, w) oboznauaem rpanj-npocrpancrso Opimyda ¢ BecoM ws(T) :

B 1
(S() 1-6 0

fi pas(fy, M,w) = / /Ml‘s(]f(:c)|)w5(a, M)dzx do| <oop,
Q

0

rie f € Ly(Quw), s € [1,00], &g € (0,1 — 1/p). B cayuae, korma M(u) = %,

1 < p < o0, s =00, nMeeM rpanji-npocrpanctso Jlebera L) (€2) dynknmit, 3aganmbix

Ha orpannyentbix Muoxecrsax {2 ([2]), u na neorpannuennbix — L7 (Q2) ([3]).
Teopema. Ilycmo gynxyus f npunadaescum npocmpancmesy Opauna Ly (Q,w),

1 < p=min{py, pc } < 00, a — noaoorcumenrvuvil eec. Jaa 6epnot oyenku

Pas(fs M w) < Cpap(f, M, w),

¢ mounotl Konemanmot C, 4, neobrodumo u docmamouno, wmobw, a € Lpr(2, w).
Coo01a1oTest IepBOHAYAJILHBIE OCHOBHBIE CBOMCTBA BBEJICHHBIX I'PAHJI-IIPOCTPAHCTE.

JUTEPATYPA
1. Rao M. M., Ren Z. O. Theory of Orlicz Spaces, Crc Press.1991, p. 472.
2. Iwaniec T., Sbordone C. On the integrability of the Jacobian under minimal hypotheses. // Arch. Rational Mech. Anal.,
1992. Ne 119. C. 129-143.
3. Ymapzadocues C. M. Obobmenne mousitust rpang—npocrpanctsa Jlebera. I13sectust By3oB. Maremarmka, 2014,Ne 4, c.
42-51.

A. A. Shkalikov (Lomonosov Moscow State University, Russia)
shkalikov@mi.ras.ru PT-SYMMETRIC OPERATORS WITH

PARAMETER. CRITICAL PARAMETER VALUES

We consider PT-symmetric Sturm-Liouville operators
d2

T(e) = —oa eP(z), €>0,

in the space Lo(—a,a), 0 < a < oo, where P is subject to the condition P(x) =
—P(—x). The spectra of these operators are symmetric with respect to the real axis
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and discrete, provided that the interval (—a, a) is finite and P is not a singular potential.
We will show that the spectrum of the operator T'(¢) is real for sufficiently small values
of the parameter € and in this case T'(¢) is similar to a self-adjoint operator. For large
values of € the complex eigenvalues do appear and the number of non-real eigenvalues
Increases as € — 00.

The aim of the talk is to cast some light to the following problems: How the
eigenvalues of T'(¢) do behave when the parameter changes? Is it possible to evaluate
or to calculate the critical value gy of the parameter, such that 7'(¢) are similar to
self-adjoint operators for all € < £97 We will find an explicit answer for some particular
potentials.

The talk is based on the joint papers with S.Tumanov.

B.B. IITycroB (Mocksa, Poccus)
vshustov@gosniias.ru

O ITPUBJIN2KEHVN NHTEI'PAJIOB C NCIIOJIB3BOBAHMWNEM
COCTABHBIX JABYXTOYEYHBIX MHOI'OYJIEHOB 95PMUTA

B pamkax npojiojizkeHusi paboThl 110 UHTEIPUPOBAHUIO (DYHKIWMHI C UCIIOJIH30BAHUEM
IIPOUBBOJIHBIX, HpejicTaBieHHoil B [1], paccmarpuBaercs ciydail, Korja 1pOU3BOJIHbIE
3a/1aHbI He TOJIHKO Ha KOHIIAX, HO ¥ BHYTPH OTPe3Ka WHTerprpoBaHusd. st mocTpoeHust
KBaIpaTypHbIX (GopMyd 2| ucrnonb3yercst aByxTouedHbie MHOTOUIEHB dpmuTa [3].

[Tycrs dynkius f(z) onpejenena Ha orpeske |Zg,%,| u umeer jgocrarodnbliii Habop
MPOM3BOJIHBIX HA 9TOM OTpe3ke. IlycTh TakyKe B Y3JIOBBIX TOUKAX T; = Tg + 1(T,-
zo)/n, i=0,1,...n 3TOrO OTPE3Ka 3a/aHbl 3HaUeHUs GYHKINY f(2) U ee TPOU3BOIHBIX
JIO TIOPSIJIKA 1M BKJIIOYUTEIHLHO:

FO)=f" j=0,1,..m, i=01,..n (1)

Heobxommmo mocTponTs KBaIparypHyto GOpMyIy JJsd ONPEJEJCHHOTO NHTErPaJa, OT
9TO (DYHKIINK U OIEHUTH €€ OCTATOUHBIN JIeH.

Teopema. [Iycmv gynryua f(x) ydosasemsopaem ycaosuam (1). Toeda das onpede-
AEHHO20 UHMEPANG HYHKUULU UMEEM MECTNO HOPMYAQ

T n—1 m ‘ )
[ Hayin = 33 DAY + (<1 1) v

i=0 j=0
i cjmtrll _ (m+ 1)!(m+ 1)!
"G Dl (2m+3)

(_1)m+1bmnh2m+3
(2m + 2)!

FEm2) (),

T’m:
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L=z,-t¢ , h—L/n u mouxa n € (xg,2,).
PesysbraThl conocraasiores ¢ dbopmynoil Diiepa-Maxiopena, Jal0Tcsa TUCIeHHbIE

npuMepsbl C JaHHBIMU O MTOI'PpENTHOCTHU U O €€ OICHKE.
JUTEPATVYPA

1. IITyemos B. B. O npencraB/ieHIy MHTEIPAJIOB 3HAYCHUAMY (DYHKIMN U ee IIPOU3BO/IHBIX HA OCHOBE WCIIOJIH30BAHUS JBYX-
TOUYETHBIX MHOTOUYIEHOB dpmuta // «Teopus onepaTopoB, KOMILIEKCHBII aHAJIN3 W MaTEMATHUECKOe MOZEIMpoBaHues. Biaau-
kaBka3: FOMU BHIT PAH, 2016. C. 85-87.

2. Huxoawvcxut C. M. KBagparypubie dopmyiast. M.: Hayka, 1988.

3. IIycmos B. B. O npubsan:kennn GyHKIMHA IBYXTOUEUHBIMI WHTEPIIOJISIIMOHHBIMY MHOTOWIeHaMu Dpmuta // 2KBMMO.
2015. T. 55, Ne 7, C. 1091.

A.Zh. Ydyrys (Astana, Kazakhstan)
aizhanyd@gmail.com

MULTIPLIERS OF FOURIER SERIES

This paper is about the multipliers of multiple Fourier series for a regular system
on anisotropic Lorentz spaces. In particular, we show the sufficient conditions for a
sequence of complex numbers {A;}rez» in order to make it a multiplier of multiple
trigonometric Fourier series of space L,[0; 1]" in the L,[0;1]", p < q.

Let 1 < p < ¢ < oo. It is said that the sequence of complex numbers A = { g }rez
is a trigonometrical Fourier series multiplier from L,[0,1] to L,[0,1], if for every

function f € L,[0,1] with Fourier series 3 f(k)e®™ there exists a function fy from
kez

L,[0, 1] a Fourier series which coincides with the series 3 A f(k)e*™** and an operator
keZ
Ty, T\f = f\ which is a bounded operator from L]0, T] to L,[0, 1].
Our aim is to find characteristics for a sequence A\ = {A;}rez, such that operator
Ty is bounded from L,[0,1] to L,[0, 1], i.e. A is multiplier.
Let E={e=(e1,.c,em): =0 or =1, i=1,...m}.
Theorem. Let 1 < p = (p1,..,pm) < A= (q1, s @) < 00, 0 <1 = (r1,...; ) <

0, 0 <a<l-— % —}—é and B = o+ % — é. If the sequence of complex numbers
A = { i} penm satisfy the following properties for every e € E

E

sup erl i H o AN | (K1, ) < i,

ki eN
where AE)\S = Agln-Ag"L)\sl,_,,,s"” f*s - f*i17. 7 then )\ E mgr and
[Al[nar < e,

here constant ¢ > 0 depends only on p,q,r and .

REFERENCES
1. Nursultanov E.D. Multipliers of multiple Fourier series. Proceedings of the Steklov Institute of Mathematics. 1999.
pp. 237-242.
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2. Persson L.-E., Sarybekova L. O., Tleukhanova N.T. A Lizorkin theorem on Fourier series multipliers for strong regular
systems. Analysis for science, engineering and beyond, Springer, Heidelberg. 2012. Vol. 6. pp. 305-317.
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C. A. Apnonnn, K. B. Hyprazuna (®3pb6enkc, CIITA; Acrana, Kazaxcran)
s.avdonin@alaska.edu, nurtazina.k@gmail.com

OBPATHAMA 3ATAYA JJI4d TEIIJIOBOI'O YPABHEHUNSA HA
I'PAO®E-JIEPEBE

Uccnenosanne uaeHTndUIUPYEMOCTH PACIIPE/ECHHBIX TAPAMETPOB JIJIs TapabOJIi-
9eCKOro ypaBHeHmsT Ha rpadax ommpaercs Ha pesyabrartsl |1, 2|. Ha rpade-gepese
paccmarpuBaeM 3ajad1y (1)-(3):

up = Uae + q(z)u = p(t)h(z), te€(0,T). (1)

D e, Oj(v, 1) = 0B ka0t Bepuunev € V'\ 0, n t € [0,7]
u(+,t) HelpepbIBHBI B KaxK10i Bepiune jiis Beex t € [0, T, (2)
Ou = f ua 0Q x [0,T], uli—p = 0Ha . (3)

e (2) — yeaosue cortacosanust Kupxroda-Heitmana, Ou;(v, ) — npoussojuast GyHk-
U U B BEPIINHE U, B3ATad BJIOJb peOpa € B HAPABICHUU OT BEPIINHBI, € ~ U O3Ha-
qaeT pebpo e;, BXoJidllee B BeplIUHy v, a cyMMa OepeTcd 110 BceM pedpaM, BXOJAIIUM
B V.

Iycrs H = L*(Q) u FT' = L2([0,T];R™). B upenonoxkennn p u3BecTHbIM De-
IIeHa 3ajada; Mpu 3aaHHbIX {aU|aQX[O’T]} 1 HAOJTIO/IEHUSTX {U|an[o,T]} OJTHO3HATHO
OIPEJICTUTH U, q, h.

[Ipeanonaraem, uro p € HY(0,T). 3ajaem oneparop orkinka RT : F1 — FT
kak (RTf)(t) =u/(-,t), t €[0,T].

Pemniena obparnast 3ajiada, KOTOpas COCTOUT B BOCCTAHOBJIEHUH TOIIOJIOUE TI'pada,
nmn pebep u Bektopos ¢(+) u h(+) no oneparopy RT, m3BecTHOMY TIPH MPOU3BOILHOM

dukcuposannom T > 0.

JUTEPATVYPA
1. Avdonin S., Bell J. Determining a distributed conductance parameter for a neuronal cable model defined on a tree graph.
J. Inv. Probs and Imaging. 2015. No 9. P. 645-659.
2. Avdonin S, Bell J., Nurtazina K. Determining distributed parameters in a neuronal cable model on a tree graph.
Mathematical Methods in the Applied Sciences. 2017.

T.N. Harutyunyan (Yerevan, Armenia)
hartigr@yahoo.co.uk

THE DIRECT AND INVERSE STURM-LIOUVILLE AND DIRAC
PROBLEMS

First, we investigate the dependence of spectral data of Sturm-Liouville operator on
parameters defining the boundary conditions. With this aim we introduce the concept
of "Eigenvalues function of family of Sturm-Liouville operators"(EVF) and investigate
1ts properties.



«Table of contents»
Differential Equations and Mathematical Physics 70

Secondly we solve the inverse Sturm-Liouville problem by EVF.

We also provide an analogue of uniqueness theorem (in inverse problem) of Marchenko
and one generalization of theorem of Ambarzumian.

New uniqueness theorems we also prove in inverse problems for canonical Dirac
systems.

We give the description of isospectral Dirac operators.

We have proved, that in common case the analogue of Ambarzumian theorem for
Dirac operator is not true, but in the same time, we describe particular cases, when
there are analogues of Ambarzumian theorem.

We also give some new results in constructive solution of inverse problem for Dirac
system.

Acknowledgement This work was supported by State Committee of Science MES RA in frame of the research project No.
15T-1A392.

I. 1. Aaucumosa (Omck, Poccuiickas Penepanys)
gdanisimova@gmail.com

KPUTEPUN SKCIIOHEHIINAJIBHON ITUXOTOMUN /14
CUCTEMBI ©/1V 'MIIEPBOJINMYECKOI'O TUITA

1. Pabora npumbikaer k [1]. Paccmarpusaercs B I = R x [0, 00) 3agaqa Korm

1

LuzDu+/ [dB (s)]u(z,t —s)=0, t>1,
0

ulg, = € E, Iy =R x[0,1].

(1)

3jeck D = %—er%, A = diag(aq,...,an), a1 > ... > ay, ar # 0, B: [0,1] —
CN*N. \/(1) (B) < oo, u = (ul,... ,uN)T, E — 6anaxoBo npocTpancTBO HENPEpPbIBHbIX
orpanndennbix gynkuuit Iy — CV ¢ nopwmoit sup ||

Yepes kax1yio TouKy (g, yo) € I TPpoXoasaT XapakKTepUCTuKu ¢y, . . . , N C ypaBHe-
Husimu © = oy, (t, o, tg) = xo + ay (t — tg). Oueparop D jajee nonumaercs B 0600-
mgnnom cmbicie D = diag (Dy, ..., Dy), rae Dyu* — npoussommas mo t Baoan gp.
Ilon pemenuem sagaun (1) nonumaerca dbyukmua u € C(II,CY) ¢ rmajgxumn Baosb
“cBomnx” XapaKTEpUCTHUK @ KOMIOHEHTaMU Uy, yjaosiersopsitomas (1). Nmeer mecto
OJJHOBHAYHAA PA3PEIINMOCTh B 9TOM KJjacce, obosHadaemoM majee ClL.

B pabore uccienyercs quxoromusi perennii 3agadu (1) cBeieHreM K Takoil xe mpo-
OJeMe s pa3HocTHOM 3aaun Komm Buja

U, =Tup_1,mn=1,2,..., uy=pé€ekE (2)

¢ KOMIIAKTHBIM oreparopoMm I’ B (pazoBom mpocrpancTse E.
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2. Oupejiesium oneparopst u3 End(E) dopmysiavu

Bop = / (dB ()] (2,1 — 5), Byp = / (dB ()] (2,141~ 5).

t @1 (01 (7_7 L, t) 77_) 901 (3j - a1t7 1)
S@z/ dr, Py = (3)
0 1M ( Nz —ant, 1)

()0 O-N7(T7x7t)77—) 90

Jlemma. 1°. Onepamop I + SBy umeem oepanunennud obpammnui E — E.

20, @opmyaa T = (I + SBy) "' (P — SBy) sadaém womnaxmuuid onepamop E — E.
3%, @ynxyus u: 11 — CN asasemes pewenuem waacca CL zadavu (1) mouno mozda,
Koeda nocaedosamesvrocms Uy, (x,t) = u(x,t+n),(x,t) € lg,n =0,1,... asasem-
ca pewenuem sadavu (2) ¢ onepamopom 2°.

3. ByseM ropopuTh, 9TO HMEET MECTO SKCHOHEHIMAJIbHASA JUXOTOMUS PEIleHnil 3a-
naan Kommu (1), ecim 970 BepHO jiyist pernenuii 3aja4u (2): daszosoe nmpocrpanctso E
paciajaercsa B npsmylo cymmy nojnpocrpancrs B = Ei+Ey, By # {0}, Tak, uro g
perenuii 3a7a49u (2) BepHBI IPU HEKOTOPBIX fi, ¥ > () OIEHKH

¢ € E1 = [[I"¢]lg < pe "ok,
0 € Ey = [|[IMo|lg > pe|lo|lg-

[TocraBum B coorBercrue orneparopy (1) MaTpudHblii mydoK
1
A\ p) =N + pA+ / e dB (s).
0

Teopema. Jxcnonenyuarvnas duzomomua pewenuti sadawu Kowu (1) umeem me-
cmo mouno mozda, xo2da npu kaxncdom p € 1R ypasnenue

det A\, ) =0

He umeem A-KopHeth na MHUMOT 0CU U UMEEM TOMSA bl 00UNH KOPEHD 6 NOAYNAOCKOCTU
Re) > 0.

JUTEPATVYPA
1. Pomanoscruti P. K., Hasapyx E. M. O quxoTOoOMun JHHEHHBIX aBTOHOMHBIX CHCTEM YHKIMOHAIHHO-IM(} depeHInaibHbIX
ypasuenuit // Marem. samerxu. —2014. — T. 35. — Ne 1. — C. 129-135.

A.H. Babayan, S. H. Abelyan (Yerevan, Armenia)
barmenak@gmail.com; seyran.abelyan@gmail.com

ON AN EFFECTIVE SOLUTION OF THE DIRICHLET PROBLEM
FOR SIXTH ORDER PARTIAL DIFFERENTIAL EQUATION
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Let D = {z : |z| < 1} be a unit disk and I"' = 9D its boundary. We consider the
properly elliptic sixth order differential equation

0 9%u
Y Ay - D 1
- kaxkay(;,k (Q?’, y) 07 (Q}',y) € ) ( )

where Ay, are such complex constants (A # 0), that the numbers \; (j =1,...,6) -
the roots of characteristic equation 22:0 A% = 0, satisfy the condition

Alz...:/\k:i%)\lﬁ_l:...:)\g, %)\3>0,
)\4:)\5:)\67é—i, S < 0.
We suppose, that the multiplicity &£ may be equal to &k = 1,2, 3, if k = 3, then we have
only triple root 7 in the upper half-plane. The solution of the equation (1) to be found
in the class C%(D) (N C?%(D), and on the boundary I satisfy Dirichlet conditions:

o' .
U= gley). (ny) eTi=0,12 z=re’. 2)
o1y

Here g; are given functions from the class C?~%®)(I"). The case of second order elliptic
equation (1) was considered in [1], further results and the case of fourth order equation
may be found in |2]. We obtain the following theorem.

Theorem 1. If k = 3 then the problem (1), (2) is uniquely solvable. If k = 1,2 it is
obtained the new formula for the determination of the defect numbers of the problem
(numbers of linearly independent solutions of the homogeneous (when g; = 0) problem
and linearly independent solvability conditions of the inhomogeneous problem) and it

was proved, that if k = 2, then these defect numbers may be equal only zero and one.

REFERENCES
1. Tovmasyan N.E. Non-Regular Differential Equations and Calculations of Electromagnetic Fields. World Scientific Co.
Ltd. 1998.
2. Babayan A. H., Babayan V. A. Defect Numbers of the Dirichlet Problem for Higher Order Partial Differential Equations
in the Unit Disc. Caspian Journal of Computational and Mathematical Engineering (CJCME). 2016. No. 1, pp. 4-20.

I1. B. Babuu (Pocros-na-/lony, Poccus), B.B. JleBenmram
(PocroB-na-lony, Baagukaska3s, Poccust)
vleven@math.rsu.ru

BOCCTAHOBJIEHUVE BBICTPO OCHUJIJINPYIOLIET'O
CBOBOJHOI'O YJIEHA I'MITEPBOJIMYECKOI'O YPABHEHNA 110
YACTUYHOI ACUMIITOTUKE PEIIIEHNS

B jiokjiajie pedb moifjiler 0 HavaJbHO-KPaeBoi 3ajade Jijisi OJIHOMEPHOIO rurepoo-
JIMYECKOrO yPaBHEHUs ¢ ObICTPO OCHUJLIMPYIONIEH 110 BPEMEHU HPaBOil 4acTbio (CBO-
OOJTHBIM WJIEHOM ), KOTOpasi 3/IeCh He W3BeCTHa. Peraercst BOIPOC 0 ee BOCCTAHOBJICHHUN
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DU TE€X WM UHBIX CBEJEHUsIX (JOIOJHUTE/IbHBIX YCJIOBUsIX) O pelieHun. Takoro po-
J1a 38J1a91M OTHOCATCS K U3BECTHOMY IIHPOKOMY KJIACCY OOPATHBIX KOI(MD(MUIMEHTHBIX
3a,/1a4.

ObpatrHble 3a/1a91 COCTABJISIIOT BaXKHOE aKTHBHO Pa3BMBAEMOE HAIPABJICHKHE COBDPE-
MEHHOII MaTeMaTuku (cM., Hampumep, [1] u 6ubiuorpadmuio B weit). OgHako 3a1a4u ¢
OBICTPO OCIUJLIUPYOMUME CJIaraeMbIMI B 9TOH TEOPUHU IIOUTH He IpeacTaBieHnl. [lpu
3TOM, OOBIYHO HCIHOJIb3YyeMble B OOPATHBIX 3ajiadax JOMOJHUTEIbHBIE YCIOBUsT (3HaTe-
HUsl perieHusi B (DUKCMPOBAHHON TOUYKE POCTPAHCTBA, UHTErDAJIbHbIE YCJIOBUs U T.]1.),
JUIST 3a71a9 ¢ OBICTPO OCHMJIMPYIOMUAME JAHHBIMU, KaK [IPAaBUAJIO, TPYIHOIPOBEPSIEMEI
(maxke MpW HAJIMYUK CYTIEPKOMIThIOTEPA). YCJIOBUS YKA3aHHOTO THIIA 371€Ch eCTeCTBEH-
HO CTaBUTH TOJBKO HA HECKOJLKO IEPBLIX KO3IMDMUIIMEHTOB aCUMITOTUKKA PEIICHUsI.
CKOJIbKO 3TUX KOI(MDPUIHEHTOB JOJKHO ObITH 3a/IefiCTBOBAHO OIpEJIeIsieTCs IPU pe-
IIEHUK [IPSIMOI 3aa4Ud, TO €CTh IPU MOCTPOEHUU ACHUMITOTHIECKOTO PA3JIOKEHHI pe-
menusi. B Hacrosiiiee Bpemsi onyOJMKOBaHa, O-BUJIMMOMY, JIMIIL OjHa pabora [2] 0b
obpaTHOIi 3a/iaue ¢ ObICTPO OCHUJIUPYIOMUMU JaHHBIMHU.

B nannom pokiaje 3a1ada 0 BOCCTAHOBJIEHNN CBOOOIHOTO WJIeHA BHUIA

flz, t)r(t,wt),w > 1,

rUnepboIUIeCKOr0 YPABHEHUS PEIeHa B CJIEJIYIONIUX YeThIPeX ciiydasx: 1) He u3BecTHa
dbyukuus (¢, 7); 2) He uzBecrna dbyukuus f(x,t); 3) B mape f,r u3BECTHO JIUIIb CPeJi-
nee 19 byukuuu (¢, 7) no 7; 4) we nzpectHbl 06a comHoxkuress [ u r. Kaxjas uz srux

3a,/1a4 CHa6)KeHaj pa3syMeeTcd, COOTBETCTBYIOIMMUMHA JOIIOJHUTECJIbHBIMA YCJIOBUAMMU.

JUTEPATVYPA
1. Jenucos A. M. Beenenune B Teopuio obparubix 3amad. M.:MI'V. 1994.
2. Babich P. V., Levenshtam V. B. Direct and inverse asymptotic problems high-frequency terms. Asymptotic Analysis. 2016.
Towm. 97, cTp. 329-336.

B. A. Barumes (Pocros-na-/lony, Poccust)
batishev-v@mail.ru

BNOYPKAIINN BPAIIIEHN A 2KN/ITKOCTHU B IIOT'PAHNYHOM
CJIOE MAPAHT'OHU ITPU OXJIAXKJEHII CBOBOJHOM
I'PAHUIIBI

[Torpannanbie cjion MapaHToHM BOBHUKAIOT MMPU HAJUIUU MPOJIOJHHOIO T'PAJINEHTA,
TeMIepaTypbl Ha CBOOOJIHOM 1oBepXHOCTH KuJIKOCTU. VHTEepec K 9Toil 1npobieme BO3-
HUK BO BTOPO¥ TIOJIOBUHE TTPOIJIOTO CTOJIETUS B CBA3M C SKCIIEpUMEHTAMU B KocMoce. B
JIOKJIaJie TIPEJICTABJIEHbl YCIOBUS BO3SHUKHOBEHUST BPAIIEHUS YKUJIKOCTU B TOHKOM TIO-
I'PAHUIHOM CJioe BOJIM3KM CBODOJIHON rpaHullbl. Pesysbrarbl paboThl MOIYT OObsACHUTH
OJIHY U3 IIPUYUH BOBHUKHOBEHUS BPAIEHUS XKUJKOCTU BOJIM3U I'PAHUIIbI Pa3jielia JIBYX
JKUJIKUX CPeJl, B TOM YWCJie U BOSHUKHOBEHUE TOPHAJO.
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Ha ocnose cucrembr Hapbe — CToKca paccuuTaHO CTallMOHAPHOE OCECHUMMETPHIHOE
TEPMOKAIIJLISIPOE TeUYeHUe OJIHOPOIHON YKUJIKOCTU B MTOJIyOECKOHETHOM TOPU30HTAIb-
HOM CJI0€, ITPH JIOKAJIbHOM OXJIarK JIeHUU ¢BODOIHOM rpaHulibl. [Ipeoiaraercs:, 9ro BHE
TOHKOI'O ITOI'PAHUYIHOIO CJIOS UMEeTCsl BHENIHMI He3aKPYUEHHBIH TOTOK, ONUChIBAeMbIii
B IIEPBOM IPHUOJIMXKEHUN ypPaBHEHUAME Ditjepa.

Paccauranbl jiBa THIla, pesKMMOB TEYEHUH »KUJKOCTH — OCHOBHBIE U BpalllaTesbHbIe.
OcHOBHBIE PEXKKMMbBI OIIUCHIBAIOT TeueHne 0e3 Bpalienusi. BpaiareibHbie PeXKUMbl BO3-
HUKAIOT B pe3y/bTrare OMQypKaIuu OCHOBHBIX pelreHuit. IIpyn oxjarXaeHun IpaHuIibl
BO3HUKAET IMapa aBTOMOJEIbLHBIX PEIIeHN. DTU PEXKUMBbI CYIIECTBYIOT TOJBKO, €CJIn
CKOPOCTH BHEIITHEI'0 HEBSI3KOI'O IIOTOKA, IIPEBBIIIAET CBOE KPUTUIECKOE 3HAYCHUE, 3aBNU-
cdinee OT TeMIlepaTypbl I'paHuiibl. MeceaeqoBano BeTBIeHe OCHOBHBIX pexkuMoB. Haii-
JileHo OudypKallmoHHOE 3HaUYeHHe CKOPOCTU BHEIIHEro 1otoka. Ilosydensl acuMnToTu-
JecKre PassIoyKeHus BpallaTe/IbHbIX PEXKUMOB BOIn3Ku Toukn budypranmn. [Tocrpoero
ypaBHEHUE pa3BeTBjeHUsi, KOIPDUIMEHTH KOTOPOro Haiijenbl dncjaeHHo. [lokazaHo,
YTO B TOUKe OM(YpPKAIUU OT OCHOBHOI'O PEXKUMa, OTBETBJIIOTCS JIBA BpaIATeIbHBIX
peXKuMa,. ITHU PEXKUMbBI OTJIUYAIOTCS APYT OT Jpyra TOJbKO HaIpaBJeHUEM BpallleHHUs.
Bpaienue »)KujKoCT BOBHUKAET TOJBKO HPH JIOKAJHHOM OXJIAXKJIEHUN CBODOJIHOM 110~
BEPXHOCTH, HAIIpUMEP BO3HUKHOBEHUE TOPHAIO MOXKET IIPOUCXOIUTH IIPHU OXJIAXK IeHUN
I'PAHUITLI pa3/Iesa KUJKUX (a3 MOTOKOM XOJIOJHOI'O BO3/IyXa.

A.O. Baryabsan, C. A. Hecrepos (Baamukaskas, Poccus)
vatulyan@math.rsu.ru, 1079@list.ru

Ob OTHOM METOJE PEIITEHMNA OBPATHBIX 3AJAY 1JI4
OYHKIIMOHAJIbBHO-T'PAJIMEHTHBIX MATEPUAJIOB

Bajiaun niaeHTU(UKALME TEIJIOPU3NICCKIX 1 TEPMOMEXAHUIECKUX XaPaKTEPUCTUK
(JpYHKIMOHAJIBHO-T'PAIMEHTHBIX MATEPUAJTIOB (DOPMUPYIOT BaXKHBII C TOUKH 3pEHUS pa3-
JIMIHBIX TEXHUYECKUX MPUIOKEHHH Kiaace KoadduimmenTabix obpaTabix 3agad (KO3)
MaTeMaTHieCKOl (PUBUKHU.

KO3 151 HeoJHOPOJIHBIX MaTepHuaJioB, KakK IIpaBujo, HejauHeilnol. Pemenne KO3
TEILIONPOBOJIHOCTH CTPOUTCA HA OCHOBE UTEPAIMOHHOI'O IIPOIECcca, Ha KayKJIOM JTalle
KOTOPOTO pENiaeTcsi JInHeiiHoe nHTerpajbHoe ypapuenne Opejrosbma MmepBoro poja
[1,2]. Urepanunonnbiii nponece crapryer ¢ HeKOTOPOro HauaJbHOIrO HPUOJIMAKEHMs, 110-
MCK KOTOporo B [1,2| ocymecrBisiercsicss B Kiacce JTUHEHHBIX (DYHKINHA HA OCHOBE MU-
HUMM3AIUKA (DYHKIIMOHAJIA HEBSI3KU.

B pannoit pabore mpejicraBieH HOBBII Oojiee ObICTPBII CII0COO HAXOXKJIEHNST HATAJIb-
HOTO MpUOJIMKEHUsT Ha, OCHOBE IIPOEKIMOHHOTO MeToia ['anepkuna. ITocie mpuMenenns
nnpeodbpasoBanus Jlamimaca K ypaBHEHUIO TEILJIOIPOBOHOCTU TPaHCc(hOPMaHTa TeMIlepar-
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TYypbI IPEJICTABJISACTCS B BUJIE KOHEUHOI'O PA3JIOXKEHMS 110 HEKOTOPOi cucTeMe 6a3mc-
HBIX (DYHKINI, a KOI(DDUIMEHT TEIJIONPOBOJIHOCTH U yJleJIbHAs TEIJI0OEMKOCTh B BU/JIE
JimHelnbix pynknumii. [locse nojcraHoBKY pas3/ioKeHuit B ypaBHEHUE TEIJIONPOBOJIHO-
CTU B TpaHC(OpMaHTaX U MPOEKTHUPOBAHMS PE3YJILTATOB Ha BCE MPUCYTCTBYIONINE B
alllIPOKCUMAIU Da3ucHble (DYHKIUK IOUCK HAYAJbHOI'O IPUOJIMKEHIST OCYIECTBIIsSIeT-
Cs TyTeM PeIeHusi CUCTeMbl aJiredpandeckux ypaBHEHUIl NMpU 3HAUYCHUSIX MapaMeTpa
npeobpasoBanus Jlaliaca, paBHOI'O 3HAUYEHUSIM 11OJIFOCOB TPAHC(POPMAHTHI JIONOJIHM-
TeJIbHOW MHMOPMAITUH.

[IpejicTaBiieHbl YMC/IEHHBIE PE3YJILTAThI 110 HAXO0XKICHUIO HAYaJIbHOTO MPUOJINYKEHN s
VIEJIbHON TeIJI0EeMKOCTH.

Pabora Buimosnena npu noageprkke nporpaMMbl Ne 114072870112 Ilpesumnyma PAH
«DyHIaMeHTaJIbHbIE TPOOJIEMbl MATEMATHIECKOTO MOJIEIUPOBAHNUSI».

REFERENCES
1. Nedin R., Nesterov S., Vatulyan A. On reconstruction of thermalphysic characteristics of functionally graded hollow
cylinder. Applied Mathematical Modelling. 2016. Vol. 40, Ne 4] pp. 2711-2719.
2. Nedin R., Nesterov S., Vatulyan A. Identification of thermal conductivity coefficient and volumetric heat capacity of
functionally graded materials. Int. Journal of Heat and Mass transfer. 2016. Vol. 102, pp. 213-218.

A.O. Baryaspsu, B. O. FOpos (Pocros-na-/lony)
vatulyan@math.rsu.ru, vitja.jurov@yandex.ru

ACUMIITOTUYECKUE U YNCJEHHBIE METO/IBI
NCCJIEJJOBAHUS IUCTIEPCMOHHBIX CBOVICTB
HEOJTHOPO/IHBIX BOJTHOBO/IOB

PaccMmorpena noBast 3aj1a1ua JI/Isi MATPUIHOTO CIEKTPAJILHOIO IIYUKa ¢ JBYMS CIIEK-
TpaJbHLIMU IapamerpaMu. OHa MOpoXK IeHa 3aja4ueil 110 HeOJHOPOIHOIO 110 PaJiialib-
HOJ KOOPJAMHATE IUJIMHIPAIECKOrO BOJHOBOJA ¢ MOJAMDUIIMPOBAHHBIMU I'PAHUIHBIMA
YCJIOBUSIMU TPETHEro pojia Ha OOKOBOM 1MOBEPXHOCTU. B IpaHMYHbIC YCJIOBHUS BBEJICHDI
JIBe »KECTKOCTH, KOTOPbIE CBA3LIBAIOT IIepeMeIleHns] Ha BHEIIHeH IpaHuIlle ¢ HOPMAaJib-
HBIMU U KacaTeJbHbIMU HaIIPsKEHUsAME Ha, Heil. Takoro poja 3ajiada MOXKET CJIYKHUTb
JIUIsT OIMCAHKST BOJTHOBBIX IIPOIIECCOB B TPYOOIIPOBOJIE, MOTPY>KEHHOM B TPYHT. 3a/a4a
3aKJ/II0YACTCS B U3YUEHUU CBOMCTB JTUCIEPCHOHHBIX COOTHOIIEHUN NPU OCECHMMEeTPHU-
HOM HAIIPS2KEHHOM COCTOSIHUHU U CBOJIMTCS K MaTpuIHOMY JuddepeHnuajlbHOMY ypaB-
HEHUIO TIEPBOTO MOPSIJIKA, e MATPHUIA ¢ TePeMeHHbIMIA KOI(MDMDUITMEHTAMET TOPOXK TAET
KBaJIPATUYHbIH [1y4OK, 3aBUCSIIUI OT JBYyX CIEKTPAJbHBIX IapaMerpos (dacrora u
BOJTHOBOE 9uCI0). Cucrema copMupoBata TakuM 00pa30M, UTO OCHOBHASI MATPHUIA, HE
COJIEPXKUT IIPOU3BOJIHBIX OT MaTePHaJbHBIX XapaKTEPUCTUK. DTO MO3BOJISIET HCCJIE]0-
BaTh C IMOMOIIBIO METO/a IMPUCTPEJIKH MPOU3BOILHBIE 3aKOHBI HEOHOPOIHOCTH. ITpo-
BEJIEHO YMCJICHHOE M aCUMIITOTHYECKOE HCCJIC/IOBAHKUE JIMCIIEPCMOHHOIO MHOYXKECTBA B
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3aBUCUMOCTH OT KO3 (DUIIMEHTOB KECTKOCTU. B ciyuae Hy/IeBoil KacaTe/bHO YKEeCTKO-
CTY BBISABJICHO CYIIECTBOBAHUE JIMCIIEPCUOHHON BETBU, MMEIOIIEeH JIMHCUHBI YIaCTOK U
BBIXOJIAIIEH n3 HadaJsia KoopjauHar. [TocTpoena acuMnToTuKa Jijisi yIJia HaKJIOHA 3TOI'O
y4acTKa MyTeM pas3JjoKeHusd Mo MaJiOMy MapaMeTpy W MCIOJb30BaHUd YCJIOBUN pa3-
PEIIIMOCTH JIJIs1 HeOTHOPOJHBIX 3adad. [l olHOpOTHOTO BOJTHOBOA MOJTyUeHa, SBHAs
dopmyJia Jist yria HaKJIOHA, a JJIsi HEOJHOPOIHOIO BOJHOBO/A YI'OJI HAKJIOHA BbIPaYKeH
Jepes pelleHre BCIoMOraTe/ibHoOl KpaeBoit 3ajiaun. Hasmune kacarejbHOl »KeCTKOCTH
CYIIIECTBEHHO MEHAET CTPYKTYPY JUCIECPCUOHHOTO MHOXKECTBA, MOABJISCTCA YaCTOTa 3a-
NMUpanuns, HadaJJa0 KOOPAMHAT He sIBJIsTeTCs TOUKON AUCIepCHOHHOTrO MHOYXKecTBa. [Ipe/-
CTaBJIEH NPUOJIMXKEHHBIN CIIOCOD OIPEJIe/IeHUs KECTKOCTEN JIJIsi 'PAHUYHbBIX YCJIOBUIA
qepes3 MeXaHnvecKue XapaKTepUCTUKU BHEITHER CpeJibl, 3aKJTI0YAIOIUINCA B OIICHKE ee
MOTEHIINAJLHON SHEPruM 4depe3 I'paHUdHble 3HadeHHs. lIperesbHbIe IO XKECTKOCTAM
cJIydau JUCIEePCUOHHBIX COOTHOIIEHUH TOJIYyYeHbI JJIsi BOJIHOBO/IA CO CBODOIHOM 1 YKeCT-
KO 3allleMJICHHOM IpaHuleil, a TakKe JiJisi HUJIMHJIPA, HAXOIAIIEeI0Cst B 2KeCTKO# oboiime
06e3 TpeHus.

L.Z. Gevorgyan (Yerevan, Armenia)
levgev@hotmail.com

A NEW METHOD OF SOLUTION OF NONLINEAR EQUATIONS

Let f be analytic in some domain D C C function, having a set of (not obligatory
simple) zeros. In [2] generalizing the well-known Ramanujan algorithm of solution of
equations with analytic functions (cf., e.g. [1] and [3]) the following assertion is proved.
Consider the equation

=0, 1)
Denote
Py (z)=d"(1/f(z)),ne€ZL",

where d is the differentiation operator.
Theorem. Let Py be meromorphic in D,z €,D, f (z) # 0. The formula

a=z+ lim nM
n—oo P, (,z)
defines the nearest to z zero of f. If there are many such zeros, then a is the zero of
the highest order. The limit does not exist if there are many concurrent zeros of the
highest order in the same distance from z.
In the present talk we propose a discrete version of the above formula

Dn—l

D, ,n €N,

Zn+1 = Zn +
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where D, is the n —th divided difference of the function g (2) = 1/f(2), Dy = g [20] =

g (zp) and
Dnzg[zl,zzy"' wzn]_g[ZO;Zla"' ’Zn_l],nEN
Zn — 20

and zy and z; are two initial approximate roots of equation (1) .

REFERENCES
1. Berndt B. Ramanujan’s notebooks, Part-1, Springer-Verlag, USA 1985.
2. Gevorgyan L. Z. On Ramanujan method of solutions of equations with analytic functions, Rep. Nat. Acad. Sci. 2016.
Vol. 116, No. 4, pp. 278-284.
3. Muthumalai R. K. Generalization of Ramanujan method of approximating root of an equation, arXiv:1112.5092v1.

A.B. I'mas, B. A. Horun (Pocros-na-/lony)
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KOMIIJIEKCHBIE CTEITEH OJHOI'O /IN®PEPEHITNAJIBHOI'O
OIIEPATOPA, CBA3AHHOI'O C OIIEPATOPOM I'EJIbMI'OJIBITA N
HTPE/INHI'EPA

B pabotre uccieyiorcss KOMILIEKCHbIE CTEIeHU OJHOr0 jirndOepeHnaibLHOro onepa-
Topa B R” ¢ KOMILJIEKCHBIMU KO DUIIMEHTAMH B TJIABHON YaCTH:

W’ m > 0, (1)
e A = 88—;2+. : .+% — omeparop Jlammaca, A = (A,..., N),0< Az < 1,1 <1< n.
KoMIJIeKCHbIe CTereHi oneparopa (5 ¢ OTPHIATEJLHBIME BEIICCTBCHHBIMU YaCTAMU
wa "mocrarouno xopornmx"GyHKIUAX () ONPEepessIioTes Kak MyJbTHIIHKATOPHbBIE
O1epaTopkl, jielicTBrIE KOTOPHIX B 00pazax Pypbe CBOJANTCI K YMHOXKEHUIO HA, COOTBET-
CTBYIOIIYIO CTEIIeHb CHMBOJIA PACCMATPUBAEMOTO OIIEPATOPA:

—a/2

L ——

l
(G Q) (&) = (m? — 6P +iY_MéE ] @), €E€R", Rea>0.
k=1

[Tostyvyenbl WHTErpasbHbIE MPECTaBIeHNsT JIJIs KOMIUIEKCHbIX creneneidl (1) B Buje
MHTErPAJIOB TUIIA TOTEHIIMA A ¢ HeCTaHAapTHON Merpukoit. CoorercTByiomue J1pob-
HbIe TIOTEHIUAJbl UMEIOT BUJI;

(Bi)(w) = Cual®) [ )l — )iy,
J

n—o

rae K noo (mwx(y)) — bdynknua Makgonannbia nopsjika “5<,

Koo (mwx(y))
(wx(y)=*

b5 (y) =
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— k ~19 . kY
wx(y)) = 4| — 1+)\2—|y\ _Zzl 2 [ <n-—1,
k=1 k k=1 k

[TonmydeHb! ONEHKH JIJI OTIEPaTOPa B% u3 L, B L,+ Ly B caydae l <nuwusL,s L,
B cityuae | = n (Bo Bropom ciyuae nokasano, 1ro b¢(y) € L1). B pamkax meroga AOO
@, ¢ € L,, n jano onucanue obpasa B%(Lp) B

MOCTPOEHO OOpalleHrne TOTEHINAJIOR B%

TepMUHAX OllepaTopa, JEeBOIo 00PaTHOIO K B% :

I0. A. Tnaapimes, B. B. Kaamanosua®, M. A. Crenosuu’ (KaJyra,
Poccus)
“v572264@yandex.ru, “m.stepovich@rambler.ru

O BO3BMOXKHOCTU IIPMJIOXKEHIS AIIIIAPATA BEPCA K
MOJEJINPOBAHIIO ITPOITECCOB TEIIJIOMACCOIIEPEHOCA,
OBYCJIOBJIEHHOI'O SJIEKTPOHAMMU B IIJTAHAPHON
MHOTI'OCJIOMHOI1 CPEJE

st KOJIMYeCcTBEHHOIO ONMMCAHUS sABJEHWI TeIIoMaccolepeHoca, O0YCIOBIECHHOIO
JIEKTPOHHBIM [MYYKOM B IOJYIPOBOJHUKOBOI MHUINIECHU, MOXKET MCIOJIB30BaTHhCA T.H.
MOJI€JIb HE3aBUCUMbIX UCTOYHUKOB, B KOTOPOI CHaYaJa pacCMaTpUBaeTCs 1IPOLECC Tell-
JIOMACCOIIEPEHOCA OT KaXKJIOTO0 MHKPOOObeMa, MOJYIIPOBOHUKA, & OO pe3yabTaT
HAXOJIUTCSl CyMMHUPOBAHNUEM (MHTErPUPOBAHMEM ) TOJIyYEHHBIX PACITPEICEeHIH OT KaXkK-
JIOT'O U3 MUKPOOObEMOB. Takoil 110J1X0/1 1I03BOJISIET HAXOJUThH UCKOMbIE PACIPE/Ie/IeHUsT
KaK B OJHOPOJHBIX, TaK U B IIAHAPHBIX MHOTOCJIOWHBIX MOJIYIIPOBOJHUKAX, OJIHAKO
JIJIsT MHOTOCJIOMHBIX CTPYKTYP TPHU CTaHIAPTHOM TOJXOJE JlaxKe MpU HEeDOBITOM THC-
JIe CJIOEB JIJIS pACYETOB NPUXOJUTCA UCIIOJIb30BATh JIOBOJIBHO TPOMO3/IKME BhIPAKECHUS.
[To »1oit npuumrHe B HACTOSAIIEE BPEMsi UMEIOTCH aHAJUTUYECKUE PEIEHUs TOJIBKO JJist
JIBYXCJIOMHOI W TPEXCJIOUHON MHUIICHEI.

B nacrosimeit pabore s permenust audbdepeHnuasbHOr0 ypaBHeHnusl TeMI0MacCco-
[iepeHoca JJisi MHOIOCJIOMHBIX Cpejl IpejiaraeTcs UCIOoJb30BaTh MaTPUYHBIA METO/,
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MO3BOJIAIONINI CPABHUTEJIBHO HECJIOXKHO MTPOBOJUTH PACUETHI JIJIsl TPOU3BOJILHOTO YHUC-
J1a cjoéB. Metoji ocHOBaH Ha NMpUMEHEHWU arraparta 0000IEeHHbIX crereHeit bepca u
CBOJIUTCS K T10CJIEJIOBATEIbHOMY YMHOXKEHUIO (DYHKIIMOHAJbHBIX MATPUIL, KOMIIOHEHTbI
KOTOPBIX B KaXKJIOH TOYKE ONpEJETTIOTCS (PU3NIECKUMU U TEOMETPUUCCKUMU Tapa-
MeTpaMu Tekyiero cyios [1]. Hekoropbie BO3MOXHOCTH MpPUMEHEHHUST 9TOrO METO/A K
pacderaM JJIsi CTAllMOHAPHON 3a/a4¥ TEIJIOPOBOJHOCTH PACCMOTPEHBI B HACTOAIIECH
pabore. [TokazaHo, 4TO OCHOBHBIM JIOCTOMHCTBOM 3TOI'O METOJIa MOXKET ObITh BO3MOXK-
HOCTH €ro NMpUMeHeHUsT K OOJIbIIIOMY YHCJTy CJIOEB.

UccneoBanus MmMpoBejieHbl MTPU 9acTUIHOW (UHAHCOBOI mojjiepkke Poccuiickoro

donsa dynaMenTanbibix necaepopanuii (mpoekr Ne 16-03-00515).

JUTEPATVYPA
1. T'nadvwes FO. A., Kaamanosuy B. B., Cmenosun M. A. Tlpunoxenne MeTOI0B ammapaTta Bepca K 3amadam MPOIECCOB
IepeHoca B MHOroC/I0iHO# cpene. Bectnuk Kasmyskckoro yuusepcurera. 2015. Ne 3 crp. 5-10.

A. A. Tpuropbsn (Busiedesnna, Fepmanus)
grigor@math.uni-bielefeld.de
A.T. Jloces (Boarorpan, Poccus)
alexander.losev@volsu.ru

OI'PAHNMYEHHDBIE PEINTEHNA CTAIIMOHAPHOI'O YPABHEHU A
IMTPEIMHI'EPA HA HEKOMITAKTHBIX PUMAHOBBIX
MHOTI'OOBPA3UMNAX

Hannas paboTa MOCBANIEHA U3YYeHNIO0 OTPAHNYEHHBIX PEIICHU CTAIIMOHAPHOTO YPaB-

Henus Lpenmnarepa

Lu=Au— q(z)u=0 (1)
Ha MPOU3BOJIHHOM HEKOMIIAKTHOM PUMaHOBOM MHOrooOpasuu M. 3iech q(x) — Henpe-
pbiBHast Heorpuiaresbhas Ha M dynkius. Janee pemenns ypasuenus (1) 6yjem Ha-
3bIBATH (-TAPMOHWIECKUMU (DYHKITUSAMHU.

Panee, B pabote |1] 6bL1a oKa3aHa TOTHAS ONEHKA PA3MEPHOCTEl TPOCTPAHCTB OIpa-
HUYIEHHBIX TAPMOHNYIECKUX (PYHKINN Ha, HEKOMITAKTHBIX PUMaHOBBIX MHOTNOOOpPa3usIX B
TEPMUHAX MACCHBHBIX MHOXKeCTB. Llesiblo JaHHOTO MCC/e0BaHUs sIBJISETCS JIOKA3a-
TEJBLCTBO AHAJIOTUIHOTO PE3YJIbTaTa JIJIsi OTPAHUIEHHBIX pelenuii ypaBuenus (1).

[Tycts M — riajikoe CBsI3HOE HEKOMIAKTHOE PUMAHOBO MHOToobpaswme. OTKphITOE
cobcrBenHoe 1oaMHOXKecTBO () C M Oyjem HasbiBaTh @-MacCUBHBIM, eciin Ha M cyiie-
CTBYeT HETpUBHAJbHAs ¢-CyOrapMoHudeckast GyHkius Takas, aro v = 0 va M \ Q u
0<u<l.

CripaBeyinBO CJIe/IyIoIee yTBePK JICHUE.

Teopema. ITycmov q(x) — nempusuasvran, neompuyamenvras nwa M dynkyus, a
m > 1 — namypaavroe wucao. Caedyrousue ymeepaicdenus K6UBANCHMHDL:
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1. pasmeprocmsv npocmpancmen 02PaHuUYerHblT q-2apmonuveckur dynkyui nwa M ne

MeHEe Mm;

2. 6 M mnatidemcsa m nonapro ne nepecekaouurca q-MmacCusHuT nodMHONCECNS.
Bameuanue. B cayuae q(x) = 0, dannoe ymeeporcdenue sepro moavko das m > 2.
Pabora Beimoinena npu yacTuaHoil punamcoBoii noggaep:xkke POOU u A nvmunncrpa-

nmu Bosrorpagickoit obiactu (mpoekt 15-41-02479 p noBoskbe a).

JUTEPATVYPA
1. I'pueopvan A. A. O pasmeprocru npocTpancTs rapmonuydeckux dyukumit. Mar. 3amerku. 1990. Tom. 48, Ne. 5, crp. 55-60.

A.B. Iunenko (Boponex, Poccus)
dmixtry@gmail.com

CIHEKTPAJIbHBIN AHAJIN3 OIIEPATOPHHBIX ITOJIMHOMOB I
JNPPEPEHIIMAJIBHBIX OIIEPATOPOB BTOPOI'O ITIOPAJIKA

[Iycts X — KOMIIEKCHOE GAHAXOBO MPOCTPAHCTBO ¢ HOpMOI || - ||, End X' — 6a-
HaxoBa aJjirebpa JIMHEHHDLIX OIpaHMYeHHBIX oneparopos, jeiicrsyiomux B X. Ilycrb
A: DA C X - X — juHeilHblil O1n€paTop ¢ HEMyCThIM PE30JbBEHTHBIM MHO-
wecrBom p(A) u By u By — oneparopsi u3 ajrebpsl End X'

Omnpepesierne 1. [lycrs B : D(B) C Y — Z — 3aMmkHyTHI omeparop. Pac-
cmotpum caenyiomue yciosus: 1) Ker B = {0}, re. oneparop B unbektusen; 2)
1 < n =dimKerB < oo; 3) Ker B — GeckonedHoOMepHOE MOJIIPOCTPAHCTBO U3 V;
4) Ker B — nonommsemoe noampoctpanctso B Y; 5) Im B = Im B; 6) Im B # Im B; 7)
ImB — 3aMKHyTOE JOLOJHSEMOE MOJIPOCTPAHCTBO U3 Z KOHEUHOH KOpasMEepHOCTH
(codimIm B =m < 00); 8) ImB — 3aMKHYyTOE JOMOJHSIEMOE TTOMPOCTPAHCTBO U3 Z
beckoneunoi kKopazmeprocru; 9) ImB = Z, 1.e. B — ciopbekTuBHbiii oneparop; 10)
Im B # Z; 11) oneparop B menpeprisio obparum, T.e. B~! € Hom (Z,)).

Ecnu ans oneparopa B BBIIOJHEHBI BCE YCIOBUS U3 COBOKYIHOCTH HEIPOTUBOPE-
ausbix yeaosuit S C {1,2,...,11}, To Gyjem roBopurhb, 4T oneparop B HaXOAUTCsI
B cocTosinun obparumoctu S. MHOXKecTBO cocTossHnit obpaTuMocTu orneparopa B 060-
SHAYUM CUMBOJIOM Sty (B).

Paccmorpum smneiinniit oneparop A = A2+ BiA+ By @ D(A?) C X — X ¢
obs1actbio onpejienenus D(A) = D(A?).

Hapsiny ¢ omeparopom A ompenesnum omepatop A @ D(A) € X X X — X x X,

A =1
3aJaHHBIA C IIOMOIIBLIO MATPUIIDI < B, A+ B, )
Teopema 1. Muosicecmea cocmoanuii obpamumocmu onepamopos A : D(A?) C

X=X uhA: DA)x D(A) C X x X = X x X cosnadarom, m.e.
Stiny (A) = Stinv(A).
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NCCJIEJOBAHNE PEIIEHU SJIJINIITNYECKNX YPABHEHNN
S3OHAJIBHOI'O 9JIEKTPO®OPE3A

PaccmarpuBaeTcs 3ajia1a 0 30HAJBHOM 3JIeKTpOdOpe3e — MeTojie pas3jiesieHus CMe-
CU Ha, OTJieJIbHbIE KOMIIOHEHTHI. B pabore mnpejicraBiena mojenb 0e31udhy3noHHOro
POIECcca MEPEHOCa BEIECTBa B JIBYyXKOMIIOHEHTHO! cMmecu. VI3BecTHO, 4TO B Cilydasix,
KOT'/Ia MTPOBOJAMMOCTD CMECH YMEHDbINAETCsI TPU YBeJIMIeHUN KOHIIEHTPAIUA KOMIIOHEH-
TOB, TUII YPABHEHUH, ONUCHIBAIOIIUX 30HAJIBHBINA JEKTPOGOPE3, U3MEHIETCA ¢ TUIIEP-
bostmueckoro Ha sumrnTHdeckuii 1, 2.

DIUIMIITUYECKIE yPaBHEHUSI 30HAJILHOIO 3JjiekTpodope3a B uHBapuaHTax Pumana
C 3aJIAHHBIMU HAYAJbHBIMHU YCJIOBUSIMHU U UMEIOT BH/I

KKK, +K,=0, K|_, =K"). (1)

st mceneioBanmst CIJIOIHBIX CPeJl, KOTOPbIE OMUCHIBAIOTCA SJIIUIITHICCKUME yPaB-
HEHUSIMU, UCIIOJIB3YIOTCS, KaK TIPABUIIO, epuondeckue ganubie Ko(7), ompeieseHnbe
B HAYAJBHBIA MOMEHT Bpemenu |2, 3. C MOMOMIbIO TaKUX HAYAJTBHBIX JAHHBIX B MPE]I-
CTaBJICHHO paboTe ynasoch IPOCISNThL 00Pa3oBaHue MPOCTPAHCTBEHHO-BPEMEHHDBIX
CTPYKTYP, BOSHUKAIOIIMX [IPU IBOJIIONMK HesiBHOrO petenust p(x,t) u q(x,t): nabiro-
JIAETC TIEPEXO0JL OT MPOCTPAHCTBEHHO-IIEPUOJINIECKOIO BO3ZMYIIECHUS K COJUTOHOIOI00-
HbIM Tpodussam st q(x,t) 1 KHHKOnoMo06HbIM mpoduiaM i p(x,t). Takum obpa-
30M, MOXKHO BBIJIBUHYTh IUIIOTE3Y, 4TO B SJIMITUIECKOM CIydae 3ajada (1) onnceiBaer
HEKOTOPYIO KBA3UTA30BYI0 HEYCTONYMBYIO CpEJy THUIIA ra3a JarbiriHa.

Pabora Boinosinena B paMkax 6a30BOil 4acTy rocyjapcTBEHHOrO 3a1anns Munucrep-
crBa obpasosanusi u Hayku PO Ne 1.5169.2017/BY no reme «DyHjamenrajibibie u
IPUKJIAJAHBIC 33/1a91 MATEMATUICCKOIO MOJICIUPOBAHUSI>.
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K OIIPEJIEJIEHNIO YPOBHS HEOJTHOPOIHBIX
IPEJHANPSIKEHU B JIEKTPOYIIPYTOM CTEP2KHE 1
INCKE

Ha ocHoBe 00111€eii IOCTaHOBKY 33141 O JIBH2KCHUH JICKTPOYIIPYTOI'O TeJia IIPU HaJIK-
YUU HEOJHOPOJHOTO TPEJIBAPUTETHHOIO HAIPSXKEHHO-1e(POPMUPOBAHHOIO COCTOSHUS
(ITHAC) cdopmysnupoBanbl 3ajia4u 00 yCTaHOBUBIIUXCs KOJICOAHUSX CTEPHKHS 1 JIMCKA
[1]. TIpomosbHbIe KOJIEOaHUST KOHCONBHO-3aKPEIIJIEHHOTO CTEPXKHST BBI3BIBAIOTCS MEPH-
OJIMYECKO} Harpy3KOii, NMPUJIOYKEHHOW Ha ¢BOOOIHOM KOHIle. CunTaercs, 4To paccMmar-
pusaemoe [THJIC B crep:kHe siBjsieTcsi oHOOCHBIM. Perienne npsiMoii 3a1a4m 00 ornpe-
Jenennn (PYHKIUKA CMENIeHUs MOJYyYeHO UMCJIEHHO ¢ MOMOIIbI0 MeTOJa IPUCTPEJIKH.
IIpoBejien rpaduiecknii aHan3 U3MEHEHUs] AMILIATY/IHO-IaCTOTHON XapaKTepUCTUKI
crepxkust B 3apucumoctu ot yposusi [ITHJIC. ChopmynupoBano HECKOTHKO 0OpaTHBIX
zastad 00 onpesesnennn [THIC B 3aBrucuMocTr OT JIONOJHATEIHHOW HH(MOPMAIIIH.

PaccMmorpenue 3a1aun 00 yCTaHOBUBIIKUXCS PaJInaJbHBIX KOJEOAHUSIX ITbE303JIEKTPHU-
YeCKOI'o JIMCKa, MaJioil TOJIIUHBI IIPOBEJICHO B paMKaxX ODOOIIEHHOI'O IIJIOCKOI'O Hallpsi-
JKEHHOT'O cOCTOsiHUsA. KoJsieDaHust BbI3bIBAIOTCS 1IE€PUOJIMUECKON HAIPY3KOW ITPUJIOKEH-
HOI Ha BHEIHE rpaHulle Jucka. Y unTbiBas Heoanopoanocts [TH/IC pemenne mpsimoii
3314491 00 OIpeJie/IeHUN PaJuaJibHON (DYHKIIMKA CMEIIEeHUsT TaKXKe CBEJICHO K PEIIeHUTO
cucreMbl i depeHIma bHbIX YPaBHEHU TEPBOTO MOPSJIKa C MOMOIIBIO0 METOJIa MTPU-
crpesiki. B kauecrBe KoHkperHoro npumepa paccmorpeno ITHIIC, coorBercrByiomee
zajtaun JIame. Ilposenen anayms Biausinus yposHs [IH/IC na 3HaUeHMs MEpBBIX Pe30-
HAHCHBIX 4acCTOT. BbIABJIEHO, UTO U3MEHEHUE IIePBOil 4acTOThl Haubojiee CyIeCTBEHHO.
CdopmynmpoBana u perieHa odparHas 3aa4a 00 onpepesnennn yposas ITHIC o 3na-
YEHUIO pe30oHaHCcHOM YacTorbl. [IpejicraBienbl pe3ysibTaTbl YUCJAEHHbIX SKCIIEPUMEHTOB.

PaboTnl BhInoOJIHEHA 1IpH Hojiepxkke rpanTa [IpesumenTta Poccuiickoit @eneparun
(mpoekt MK-3179.2017.1), PODU (npoekr 16-01-00354 A), ITporpammbr dyHiamen-
TaJbHBIX MCCJIEJ0OBAHUM 110 CTPATEIMYEeCKUM HAallPaBJEHUsIM pas3BuTust Hayku [Ipesu-
muyma PAH Ne 1 «®ymgamentanabubie TpodaeMbl MATEMATHIECKOTO MOJICTUPOBAHUS»
(114072870112) «Maremarudeckoe MOJETUPOBAHUE HEOJHOPOTHBIX U MHOTOMA3HBIX

CTPYKTYD».
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ON THE MIXED FOURIER-BESSEL TRANSFORMATION OF A
RADIAL BESSEL J-FUNCTION OF INTEGER AND
HALF-INTEGRAL INDEX

We consider the mixed Fourier-Bessel transformation in the Euclidean space R =
{v = («/,2"), ©1 > 0,...,2, > 0, 1 < n < N} [1]. The Bessel j-function by j,,
J» = J,(t)/t". The Bessel transformation (with respect to the Bessel j-functions) acts
on n variables, the Fourier transformation acts on the remaining variables. By applying
the formula for the Weighted spherical mean of the kernel of this transformation

A(x€) = [Ty Jus (2€) 7140
the Fourier-Bessel transformation of the function jv(a|x|) has been obtained for the
cases when v > % (and N =n = 1). We give this formula

+|7l
<‘;2:',§‘8Nm> e {lg] <a)t,

Fglju(alz])](§) =
0 , EE{lEl <ai”,

For —3 < v < , the Fourier-Bessel transformation of j,(a |z|) can be calculated
within the weight dlstmbutions S, Following [1], we introduce the Kipriyanov distribu-
tions that are concentrated on the surface of the n-half-sphere in R} acting on the basic
functions ¢ € S, by the following formulas

a) for an even N + ||

Pl N;‘V‘—k—l [CLN+72 f SO(CLS) (5/)’7 dS(ﬁ)] )

S (N)

N+|’y| 1

b) for an odd N + |v]
(o) == ) [ J w<ag><f'>7ds<§>] |
Y

S (N)
The Fourier-Bessel transformation of the function j,(a |z|) in the sense of the space
S1,, for the integer |7|, the integer index v = k and the half-integer v = k — L

a) for an even N + |y| Fg[jr(alz])](&) = A, - IF,
b) for an odd N+ 13| Pl ala(§) = AL -
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IMTPUMEHEHVE METOJA TOOAOI'PA®A K CUCTEMAM
KBA3SUJIMHENHBIX TUIIEPBOJIMYECKNX 1 SJIJIMIITUYECKUX
JINO®OEPEHIINAJIBHBIX YPABHEHUN

st cucreM KBa3WJIMHEHHBIX YPaBHEHU B YACTHBIX TPOU3BO/IHBIX TEPBOTO MOPSIJIKA,
JIOTTYCKAIOITUX 3allCh B MHBapuaHTaX PuMaHa W ABIAIOMUXCA TOJYyTaMUJIBTOHOBBIMH,
Ha OCHOBE 0DODIIEHHOT'O MeTo 1a rojorpada pa3zpadboraH MeToI BOCCTAHOBJIEHUS SIBHOT'O
pereHnsi U3 ero HestBHOW (DOPMBI 3a/1a9M ¢ HAYAJIbHBIMU, B YACTHOCTH, TEPUOIMIECK -
MU, BO3MOXKHO Pa3PbIBHBIMU, JAHHBIMHU.

Metoy, ocnoBan Ha npeoOpa30BaHUKM HESABHOW (DOPMBI pellens, MOJyIeHHOTO Ha OC-
HOBE 000DOITIEHHOI0 MeTo1a rojiorpada, K cucreMe 0ObIKHOBEHHBIX Jind DepeHinaibHbIX
ypaBHenuii. Paccmorpen psiji 3ajiad MaTeMaTndeckoil (husuKm, JOMyCKAIOMMUX PUMe-
HEHWe YKa3aHHOI'O METOJla, B YaCTHOCTH, 334l O TIePEHOCe MACChl BHEITHUM IOJIEM,
3aJIa91 O COJIMTOHHOM rase, 3aJlaun JiJisi ONPOKUHYTO MeJsiKoit Bojibl. B citydae jByX
ypaBHeHUWI MHBapuaHThl PrMaHa Beerja cymecTByiorT (BO3MOXKHO KOMILIEKCHbIE), CH-
CTeMa, sIBJISIETCSI TOJIYTaMUJIBTOHOBOM M ODOOIIEHHBIH MeToJ| rojorpada TecHO CBsI3aH
¢ MeToJIoM rojiorpada Ha OCHOBE 3aKOHOB coxpanenus |1-4]. [lpu najudun sBHOTO BbI-
paxkenus Jjijist pyHknun Pumana—I'puna yjaercsd 1moCTpoOUTh SIBHOE PeEIeHUe 3a/1aduu
C HAYAJIbHBIMU JIAHHBIME. DTOT CHOCOO MO3BOJISIET KOHCTPYMPOBATH MHOTHME PEIICHUST
JJIsT 33J1a90 O HEYCTONUUBBIX CILIONIHBIX CPEJIaX, OMUCAHHBIX B [5].

Pabora Bwimosnena npn pUHAHCOBON TOIEPKKe 6a30BO# TacTh TOCYIaPCTBEHHOTO

sajanust Ne 1.5169.2017/BY Munucrepcrsa obpasoBanusi u nayku PO, KOOV,
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KBASBUKOPPEKTHOCTB YCJ/JIOBUA CMEIITAHHOI'O TUITA JIJ14d
IIOBEPXHOCTEN BTOPOTI'O ITIOPAJIKA ITOJIOXKNTEJIHLHON
KPNBU3HDI

Paccmorpum Bj10J1b Kpast OS 1m0BepxHOCTH S BEKTOPHOE 1HOJE £, ONpPEIesseMoe Co-
orromenneM ¢ = lycosa — nsina, rue by € S, || =1, a = L(ly, l), o € (0, 7).
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Vzyuum Jijist HOBepxXHOCTH S XapaKTep BHEIIHEeH CBS3K

a(U,0) +b(V,n) =c, (1)
Kpaesas 3ajiaua .
aUdr = 0, @)
a(U,0) +b(V,n) =c,
SKBHUBAJICHTHA KPaeBOil 3a/1aue Teopur 0OOOIEHHBIX aHAJTUTHICCKUX (DYHKITH
wz = 0, zeD, (3)
Re {A(t)w; +eB(t)w} =¢, t € 0D,

K sToit 3a1a1e npuMmeHuMbl pe3yabTarsl paborsl W.1. Jlanntioka.

[t otHOCBSA3HOM 00s1acTy Kpaesast 3ajada (3) 9KBUBAJCHTHA HHTEIPATHHOMY yPaB-
Hennto F'+ 1. F = P, rine F' - KOMILJIEKCHBIIE BEKTOP ¢ KOMIIOHEHTAMU W, W,, W, Olle-
paTop 1. MOXKeT UMeTb JIKIb JUCKPETHBIA CIIEKTP.

[Ipm 3THUX yCIOBUSAX CIpPaBEIIUBO yTBEPKICHHUE:

[Tycrs S - oBepxHOCTL BTOPOTro Mopsjika ¢ KpaeM 0S5 € OLF 0 < 1 < 1 B eBKIN-
sosom npocrpatcrse E3. Torja yeiosue (1) KBa3UKOPPeKTHO ¢ p = 2n + 3 crenensMu
cBODOJIBI JIJIsT BCEX 3HAUEHHit €, € € (—00;00), UCKII0Yasi, ObITH MOXKET JIUCKPETHBII
ps 3nadenuii e, k= 1,2,... (0 <|e1] < |eo| < ...)
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212 - 216.
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O HEJIMHEMTHOM MHTET'PO-IN®PEPEHIINAJIBHOM
YPABHEHUU BAPBAIIITHA C YACTHOM ITPOMU3BO/JIHOMI
BTOPOTI'O IIOPSIIKA

Nurerpo-muddepennuanbabiM ypasaeruem Bapbammna (MYB) mbr Oynem Hasbi-
BaTh MHTEIpo-juddepeHiuajibHoe ypaBHeHne, B KOTOPOM Hen3BecTHas (PYHKIUS CO-
JIEPYKUTCs T10J] 3HAKOM YaCTHOMN ITPOU3BOJIHOM 1 110Ji 3HAKOM MHTErpaJia, MpuieM 4acTt-
Hasl 1IPOU3BOJIHAS TON (PYHKIUU BbIYUC/ISETCS 110 OJIHOM 1IEPEMEHHOM, a ee WHTeIPU-
poBanue MpOU3BOJAUTC IO JIPYTOil MepeMeHHOM.

Ocnorwl Teopun uraeiirsix IV ¢ wacTHo mpon3Bo1HO# TEPBOT0 TOPSIAKA 1 HEKO-
TOpPbIE UX TIPUJIOXKEHUsI U3JI0KeHbl B [1].
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B nmannoii 3amerke paccMmarpuBaeTcd Heauneitnoe 1Y Db

22(t, s a
% = c(t,s)x(t,s) + /C n(t,s,o,x(t,0))do + f(t,s) (1)

C Ha4YaJIbHbIMHK YCJIOBUAMMN

ZIJ(CL, 3) — @(S)7 ZU;(CL, 3) - ¢(3)a (2)

riet € J, J = [a,b] win J = [a,+0), s € [¢,d], [a,b] n [c,d] — koHEUHBIE OTpPE3KH,
3aJlaHHble (DYyHKIWUU ¢, n, f,©, 1) HenpepbiBHbI, (DYHKINUSA N YAOBJIETBOPSET YCIOBUIO
Jlutmmuna |n(t, s, 0,u) — n(t, s,0,v)| < ng(t,s,0)|u — v| ¢ HEKOTOPOI HEMPEPLIBHOI
dbynknueit ny, a permenuem 3aja4un (1)-(2) cunraercs nenpepbiBHas na J X [¢, d] BMecTe
c i (t, s) dynxuus x(t, s), ynosaersopsitomast VB (1) u navanbabiM yeaoBusiM (2).
Bajaua (1)-(2) sKBUBaJICHTHA HEJIMHEHHOMY HHTErDAJLHOMY YPABHEHHUIO ¢ YACTHBIME
HMHTerpajaMu, KOTopoe Mbl 0003HaUnM 4depe3 A.

[Ipu J = [a, b] 970 ypaBHEHUE UMEET €JUHCTBEHHOE DEIICHHE.

Eciu J = [a,4+0), D = J X [c,d], X — 6anaxoBo 1poCTPAHCTBO PABHOMEPHO HElIpe-
PBIBHEIX I OPPAHMIEHHBIX Ha D dyHKImit ¢ cympemyM nHopMoit 1 [|(t—7)c(7, 8)|[11(7) <
&, [|(t = 7)no(7,s,0)||pypy < e mpu t > 7, rae r > a — nexoropoe uucao n 0 < € < 1,
TO ypaBHeHne A ojHO3HAYHO paspemuMo B X,

B cuity sxBuBasienTrocTu 3aiauu (1)-(2) unrerpaibromy ypashenuio A 3ajada (1)-
(2), mpu chaeTaHHBIX TPEJIONOKEHUSAX UMEeT eIMHCTBeHHOe pernenne mpu J = [a, b]
i J = [a, +00).

JUTEPATVYPA
1. Appell J. M., Kalitvin A.S., Zabrejko P. P. Partial Integral Operators and Integro-Differential Equations. — New York-
Basel: Marcel Dekker. 2000.
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O YN CJIEHHOM PEIIEHNN HEJIMHEITHOT'O
NMHTEI'PO-INOOPEPEHIINMAJIBHOI'O YPABHEHUNA BAPBAIIINHA
C YACTHOMN IIPOMU3BOJHONM BTOPOI'O IMTOPIJIKA

B pabore paccmaTpuBaeTcsi YMCJICHHOE pellieHne HeJIMHEeHHOro nHTerpo-anddepeH-
nuasbHoro ypasaenus Bapbammna (M1IYB)

20:(t, s I
% = c(t, s)x(t,s) + /C n(t,s,o,x(t,o0))do + f(t,s) (1)

C Ha4YaJIbHBIMUW YCJIOBUAMUAU

ZC(CL, S) — 90(3)7 :CQ(CL, 5) - ¢(5)a (2)
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riet € J =a,b], s € [¢,d], [a,b] u [c,d] — koHeunble OTpe3KH, 3ajaHHble DYHKIMU
¢, n, f,, 1 HempepbIBHBI, (DYHKIHS 1 yIOBIETBOPsieT yestoputo Jlumnmmura [n(t, s, o, u)—
n(t, s, o,v)| < nolu—v| ¢ HEKOTOPOIT KOHCTAHTOIT 1Y, & permennem 3ajaqn (1)-(2) canra-
ercsi HenpepbiBHast Ha J X [¢, d] Bmecre ¢ (1, s) dyukuus (L, ), yI0BIETBOPSIONIASI
NJAYE (1) n nagaiabHbIM yeaoBusM (2).

Bagmada (1)-(2) skBUBaAJEHTHA HETUHEHHOMY HHTErDAJIHHOMY YPABHEHUIO ¢ GACTHBI-
MU MHTErpajaMu, KOTOpoe UMeeT eJMHCTBEHHOEe HelpepbiBHOE BMecTe ¢ xfy(t, §) periie-
HHE.

JIJ1st aucIeHHoro pernenus JIMHeRHbIX 1 HeJMHEHHBIX MHTerPaJbHLIX ypaBHEeH!ii ya-
cro mpumensiercs meroy; Mexanmdeckux kpagparyp (MMK), obocnoBarue koToporo
OOBIYMHO CBSI3QHO C MOJIHON HENPEPHhIBHOCTHIO MHTErPaJbHBIX Oleparopos. OnepaTopbl
C YACTHLIMEM MHTErpajiaMy CBOMCTBOM IOJIHON HENPEPBLIBHOCTH He 00sajgaior. [losTo-
My npumenenne MMK it guciieHHOro peinenusi HeJIMHERHBIX HHTErpajbHbIX ypPaB-
HEHWIl ¢ JaCTHLIMU WHTerpajamu Tpedyer obocHoBanwms. OODOCHOBaHWS MPUMEHEHUSI
MMK st pemenust 1oy deHnoro HeJMHEHHOro ypaBHeHUsl ¢ YaCTHBIMKM MHTErpaJia-
MH MOXKHO M30€XKaTh, Ipeodpa3oBaB 3TO ypaBHEHHE K SKBUBAJICHTHOMY HEJUHEHHOMY
JIBYMEPHOMY MHTErPaJbHOMY YPABHEHKIO ¢ HEIPEPLIBHLIM sIIPOM, YOBJIETBOPSIIOIIIM
ycaoBuio Jlummuia, Tak Kak i ypaBHeHuit Takoro tumna obocuopanne MMK nano
["M. Baiinukko B [1].

JUTEPATYPA
1. Batnuxxo I'. M. Bo3zmymenusrit Mmeror I'anépkuna u obmiast Teopust IpUOIIMIKEHHBIX METOOB JJIs1 HEJIMHEHHBIX Y PaBHEHII.
ZKypHaa BEIYUCIUTEIHHON MAaTEMATHKU U MaTeMaTuudeckoi ¢dusukm. 1967. Tom. 7, Ne. 4, cTp. 723-751.

G. A. Karapetyan (Yerevan, Armenia)
Garnik Karapetyan@yahoo.com

INTEGRAL REPRESENTATION OF FUNCTIONS AND EMBEDDING
THEOREMS FOR GENERAL MULTIANISOTROPIC SPACES

Introduction. This paper is a continuation of [1]-[2], in which we proved embedding
theorems for multianisotropic spaces on a plane. In current paper an integral representa-
tion of functions and embedding theorems were proven for the n-dimensional multiani-
sotropic spaces with one points of anistropicity. The paper generalizes the known
embedding theorems for isotropic and anisotropic spaces. For the history of the problem
see [3].

For any parameter v > 0 and a natural number £ denote

P(v,§) = <u£“1)2k N (i (Vgaw)

Go(v:€) = e 7).

2k
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0\ 2k—1
G (v, &) =2k <V§O‘ > e PE) J(7=1,....n+1).

For any function f consider the regularization with the kernel Gg(t, v):

f g/f Got—:CV)d

The following integral representation holds:

Theorem 1. Let the function f have the Sobolev weak derivatives Daif, (1 =
1,...,n+ 1), where ' are the vertices of the completely regular polyhedron I and
Do‘ifELp(R”), 1<p<oo, (i=1,...,n+1). Then for almost all xt€R" it has the

representation
/dV/DO‘ Glzt—xy)d

Let 91 be a completely regular polyhedron, then
WXRM) = {f : fEL,(R"), D" fEL,(R"),i=1,...,n+ 1}

n+1

f(z) = ) + lim Z

e—0

is called a multianisotropic Sobolev space.

Let us prove the embedding theorems for W;,n.

Theorem 2. Let oy < g < -+ < p—j < pjy1 < - <y, 1 < p < oo or
1 <p<ooand q=o00, m=(my,ms,...,my,) be a multi-indezx. Denote

' ; ) : 1 1
= e (] + (mop) — i o] (1241,

If x <1, then D"W(R") < Lg(R") and the following inequality holds
n+1 '
e 5 o) 5
1D™ fl g, < ap|n b - ag ; 1

R (Bl [ bo) [ ey

where k, (k < j) is the number of multi-index o and [ is the number of inequalities

between the coordinates of the vector o = (o, ..., ).

REFERENCES
1. Karapetyan G. A. Integral representation of functions and embedding theorems for multianisotropic spaces on a plane with
one vertex of anisotropicity. // Proceedings of NAS RA - Mathematics, 2016 (in press).
2. Karapetyan G. A. Integral representation of functions and embedding theorems for multianisotropic spaces on a plane. //
Proceedings of NAS RA - Mathematics, 2016 (in press).
3. Besov O. V., I’in V. P., Nikloskii S. M. Integral representations of functions and embedding theorems. // Nauka, Moscow,
1975 (in Russian), p. 480.
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D.B. Katz (Kazan, Russia)
Katzdavid89@gmail.com

PERIODIC AND DOUBLY PERIODIC RIEMANN BOUNDARY
VALUE PROBLEM FOR NON-RECTIFIABLE CURVES

The doubly periodic Riemann boundary value problem is stated as follows. Given
Hélder continuous functions G(t) # 0 and g(t) on I'. To find a function ®(z) analytic
in DT and in D™, satisfying the periodicity conditions

Q(z+1)=20(2), j=1,2,
and the conjugation condition
Ot (t) =Gt)P (t) +g(t), teTl.

Here G(t) and ¢g(t) are extended onto I' by periodicity, and ®*(¢) and &~ (¢) are the
limit values of ®(z) for z tending to ¢ € T' from DT and D~ correspondingly.

This problem is one of versions of the Riemann boundary value problem (see [1]). Its
detailed solution for piecewise smooth curves I" was obtained by L.I. Chibrikova (see
[2]). In all studies of this class of boundary value problems assumption of piecewise
smoothness of the curves is essential, because their solutions base on certain properties
of curvilinear integrals over I'. That integrals are defined in customary sense for rectifiable
I" only, and properties of corresponding integral operators are connected with smoothness
of contours of integration.

The Riemann boundary value problem (for non-periodic case) on non-rectifiable
curves was solved in earlier 1980th (see |3]). Recently these results were improved by
means of new metric characteristics of non-rectifiable curves, so called Marcinkiewicz
exponents (see [8], 19], [10]). In the present report we apply these characteristics (and
also one interesting generalisation of curvilinear integrating on non-rectifiable curve

case) for solution of this problem which leads to a new results.

REFERENCES
1. Gakhov F. D. Boundary value problems. Nauka. 1977.
2. Chibrikova L. I. The main boundary value problems for analytic functions. Kazan University. 1977.
3. Kats B. A. Riemann boundary value problem on non-rectifiable Jordan curve. Doklady AN USSR. 1982. Vol. 267, No. 4,
pp- 789-792.
4. Katz D. B. The Marcinkiewicz exponents with applications on boundary value problems. Izvestia vuzov. Matematika.
2014. No. 3, pp. 68-T71.

H. 1. KomaueBckuii (Cumdeponosns, Poccust)
kopachevsky@list.ru

O MAJIBIX IBUMXKEHUSIX JABYX BA3KOYIIPYIUX
KNIKOCTEN, 3AIIOJIHAIOIIIMX HEIIOJABUXKHBIN COCY/T *

1Paora BEmosHEHa Mpu bUHAKCOBON ToAAepIKKe Poccuiickoro mayunoro douaa (mpoext Nel4-21-00066 u npoext Ne16-11-10125), BhI-
[IOJIHAEMOr0 B BOpOHEKCKOM rOCyHUBEPCUTETE.
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1. Bynem cauTarh, 9TO NPOU3BOILHBIN COCY/T C JIUMIIUIEBON I'PAHUIEH 3aIIOJHAIOT B
COCTOSTHUM TTOKOSI JIBE BSI3KOYTIPYTHE KUJIKOCTH Mojean OJipoiita U 3aHUMAIOT COOT-
BercTBeHHO ObstacTu {2 u {2y, I'pannnamu 3Tux 00JIACTEH SIBJISIOTCST TBEP/bIE CTEHKN
S1 1 Sy cocyna, a TakxKe rOpU30HTAJIbHAS PAa3rPpaHUINBAIONIAsI IOBEPXHOCTD I

Paccmorpum Mmajible ABMXKEHHUsI »KUJIKOCTEH, OJM3KHEe K COCTOSHHUIO IOKOs. Torma
BOBHUKAET CJIeIyIOIas HadaabHO-KpaeBas 3ajadqa;

a_) I T

Pk%z—Vpk + e AL i (0)Ux) + prf(t, x), divig=0, = € Q, k=1,2,
0 0
Uy =0 (na ), =i (nal), @& =1i &= a_i (w2 T).
mTa(loa (i) = perys(Toa(t)iia),  j=1,2 (waT), (1)
[_pl + /L17'33([071(t)ﬁ1)] - [_pQ + ,U27'33(]0,2(t)62)] = —9(,01 — IOQ)C (Ha F),
t
ou; 0

IO,k(t)ﬁk B ﬁk(t’ x) " - / eiﬁk(tis)uk(& .I)dS, Tjk‘(ﬁ) = 8_.:]1 %7

0
(0, 2) = wy(z), € U, W(w) =(x), €T, ((0,2)=¢"(z), v €T

311eChb pp U i} — IJIOTHOCTH U JUHAMHYIECKHE BSI3KOCTH JKHJIKOCTEl COOTBETCTBEHHO,
U(t,x) u pp(t,x) — wcKoMbIe moJist cKopocTel u Jaienuii, ((f, ) — BepTHKAJIbHOE
OTKJIOHEHUE T'PAHUIIBI pasjena, ax U b — XapaKTEPUCTUKN BSI3KOYIIPYTOCTH 2KHUJIKO-
cTeil, ¢ — yCKOpeHne CUJIbI TSIXKECTH, f (t, ) — MaJible BHEIITHUE CUJIBI, HAJIOXKEHHbIE Ha
I'PABUTAIMOHHOE II0JIE.

2. B pabore BbiBojuTCst 3aK0H Basianca MOJHON sHeprun B 3ajade (1), a 3aTeM BbIOU-
PaOTCs HEOOXOAUMBIE (DYHKITMOHAJIBHEIE TPOCTPAHCTBA, B KOTOPLIX €CTECTBEHHO HCCIIe-
JIoBaTh 3Ty mpobsemy. Jlajiee BBoguTcs omnpejeaeHne 0O600IEHHOIO pelleHns 3a/1auM,
a TaK»Ke OlepaTopbl BCIIOMOTATEIHLHBIX KPAEBBIX 33/1a9. DTO TTO3BOJISET MPUBECTH TTPO-
onemy (1) x 3agade Komm jist juddepenimaibHO-01epaTopHoro ypaBHeHust 1€pBoro
MOPSIJIKA B HEKOTOPOM THILOEPTOBOM MPOCTPAHCTBE OTHOCUTENHLHO (DYHKIINK, BHIPa-
Katormedics depe3 uCcKoMble mosist Uy(t, x) u ynknuio (¢, ) OTKIOHEHHS TPAHUIIDI
pasesa. OCHOBHOI oreparopHOit Marpuiieil B 91oit 3amade Koru siBjsiercst reaepaTop
CXKUMAIOIIEH MOMYyTPYINLL. DTO MO3BOJISET TOKA3aTh TEOPEMY O CHILHON paspermMmo-
CTU TOJIyueHHoi 3ajadu Kommm, a Ha eé 0ocHOBE — TeopeMy O CHJILHOU pasperninMOCTH
vexo/Ho 3amaqau (1).

3. HopmasibHbIMU JIBUYKEHUSIME THIPOCUCTEMbBI HA3BIBAIOT PEIICHUsT OJHOPOJIHOM 3a-
naum (1), 3aBHCAEEe OT BpeMeHH 1o 3akomy e . VckiioueHnme BceX MepeMeHHbIX,
KpOMeE IIaphl MOJIell CKOPOCTEi, MPUBOIUT JIJId aMIINTYAHBLIX (DYHKIUA K CIEeKTPaIb-
HOI 1TpobJIeMe JiJIsi HEKOTOPOIO HOBOTO OTEPATOPHOro ydKa (oneparop-hyHKIUKI) OT
[EPEMEHHON A — KOMILJIEKCHOI'O JICKPEMEHTa 3aTyXaHusi. JaCTHBIMU CJIydasiMi 9TOTO
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1Y YKa ABIIAIOTCH: a) U3BECTHBIA 1 XOPOII0 u3ydeHHblil oneparopublii mydok C.I". Kpeii-
Ha; 6) Iy YOK, BO3HUKAIOIIHUI B IpobJieMe HOpMaJIbHBIX KOJIeOaHUI OJIHO# BSI3KOYIIPYTOii
KUJIKOCTU B 4aCTUYHO 3aII0JJHEHHOM COCY/IE; B) MyY0K, BO3SHUKAIOIINI B TTpoOJIeMe HOP-
MaJIbHbIX KOJIeOaHMI BA3KOYIPYTOil »KUJIKOCTH B IIOJIHOCTHIO 3aII0JJHEHHOM COCY/IE (CM.

[1])-
JUTEPATVYPA
1. Kopachevsky Nikolay D., Krein Selim G. Operator Approach to Linear Problems of Hydrodynamics. Vol. 2: Nonself-adjoint
Problems for Viscous Fluids // Operator Theory: Advances and Applications (Birkhauser Verlag, Basel/Switzerland). — 2003. -
Vol.146. — 444 p.

H. /1. Konauesckuii, A.P. dkyboa (Cumdeponosns, PD)
nikolay-d-kopachevsky.com, alika.yakubova.1993@mail.ru

O HEKOTOPHBIX CIIEKTPAJIBHBIX I HAYAJIbHO-KPAEBBIX
3AJAYAX, IIOPOXKJIEHHBIX ITOJIYTOPAJIMHEITHON ®OPMOI
J1JISI OIIEPATOPA JIAIIJIACA

1. IIycts 2 — obmacts B R™ ¢ smnmunesoii rpanuneit 0S). Paccmorpum orpannden-
nyto na H1()) n paBHOMEpHO AaKKPETUBHYIO MOIyTOpaInHeiinyio dhopmy

& ou 0
o) e +2 3 () (i), ] o
Ly(02 Ly (2

k=1

nou € HY(Q), ¢ €R, k =1,m, ¢ € R, coorsercrytontyio 0600mmennyio GpopMyiy
['puna ji1s1 oneparopa Jlaaca:

(1)5(7], ’LL) = <777 LEU’>L2(Q) + <7777 a€u>L2(F)7 I'= 397 (2)
Lou:=u— Au+ecpyu, ¢ := ch cos(ﬁ/,e:k), yu = u |r,
k=1
du 1 x —1/2
O-u = o, e L.(u) € (H ()", 0-u € H/*(T),
nir

a Takxke omeparop A, momyropanuneiinoi ¢popMbIL:
@5(77; U) - <777 AEU>LQ(Q)7 v n,u € Hl (Q)7
As € LIHY Q) (HY(Q)7), AT € L((HN(Q) HY(Q).

2. st dopmbt (1) u dopmyssr I'puna (2) pacemorpens Kpaesble 3aadu Jupuxiie
u Heitmana-HpioToHa, a Ha UX OCHOBe - CIieKTpaJibHble IIpodeMbl dupuxie, Helimana-
Hriorona, Creknosa, Credana, C. Kpeiina (Kosiebatust BA3KOH KUJIKOCTH B YACTHIHO
3arosiHeHHoM Koureitnepe), M. Arpanosuyva (reopust judpaxiuu), Yyemosa (noBepx-
HOCTHAsI JIUCCUTIAIMsS dHepruu). B mecmMmerpudeckoM ciydae (¢ # 0) uccmenoBan
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CIIEKTP THX TTPOOJIEM, BOIMPOCHI TIOJHOTHI U 0a3UCHOCTH CUCTEMbI COOCTBEHHBIX M MPU-
COEJIMHEHHBIX (KOPHEBBIX) (DYHKIHIA.

3. Nzyuenbl HavaJIbHO-KpPaeBbIe 3a/1a4K, TTOPOXKIAIOIIKUE BhIIIEYIOMsIHYThie 1pobJie-
MBI, BBIABJIEHBI YCJIOBUS CYIIECTBOBAHUS WX CUJIBHBIX PENIeHN Ha MPOU3BOJIHLHOM OT-
pe3Ke BpeMEeHH, YCTAHOBJIEHBI M'MJILOEPTOBBI IPOCTPAHCTBA, B KOTOPBIX JJI MCKOMbBIX
perieHuil BbIIOJHEHBI YDABHEHUS W I'PAHUYHbBIE YCJIOBHUS.

Pabora Bbinosiena 3a cyer rpanra Poccuiickoro vaydaunoro douja (npoekr Ne14-21-
00066, BeimosHsiemblii B BoponexkckoM rocyrusepcutere). Marepuasibl gokaaaa omyo-
JIMKOBaHbI B TiaBe 6 Monorpadmun |3|, a Takxke B pykomucu 4.

JUTEPATYPA

1. Konauescxuti H. /., fxy6osa A. P. O KpaeBbIX, CIEKTPAJIbHBIX U HAYAJIbHO-KPAEBBIX 33a4ax, [IOPOXKJIEHHDBIX [TOJLyTOPa-
suueitnsivu opmavu. XXIV Mexaynaponnas koudepenmust Maremaruka. dkornomuka. Obpazosanme. IX Mexk 1yHapPOIHBII
cuvmosuyM Pansr @ypee n ux npunoxennd. 2016, ctp. 57-63.

2. Konauescxuti H. /., fxybosea A. P. O HEKOTOPBIX CIIEKTPAJIbHBIX U HAYAJIbHO-KPAEBbIX 33/1a9aX, [IOPOXKAEHHbBIX IOJLy TOPa-
sreHbIMu dopmamu. XX VII Kpeimckast Ocennss Maremarudaeckasi [1Iko1a-CUMITO3UYM TI0 CIIEKTPAIHHBIM W 3BOJIIOIMOHHBIM
zagagam (KPOMIII-2016). 2016, cTp. 20.

3. Konauescxuti H. /J[. Abcrpakrhas dopmyna ['puna u vekoropsie ee npunoxenus. Cumddeponons: OO0 ®OPMA, 2016.
- 280 c.

4. Sxybosa A. P. DBOJIIOIFIOHHBIE U CIEKTPAJIbHbBIE 3aa9, IIOPOXK/IEHHbIE TOJIy TOpaInHERHbIMU hopMaMi. BhlmyckHas Ma-
rucrepckas pabora (pykomucs, 70 cTp.).

A. A. Kopayra (Cumdepormnoss, Poccus)
korn 57@mail.ru

CTAIIMOHAPHLIE CTPYKTYPHI B ITAPABOJIMYECKOM 3AJTAYE
C ITIPEOBPASOBAHUMEM IIOBOPOTA HA OKPY2KHOCTHA

Ha okpyxnocru R /277 pacemarpubaercst napabosinueckoe (pyHKIMOHAIBHO - jiu-
depenmuasbHOE YpaBHEHNE ¢ TpeoOPa30BaHueM MPOCTPAHCTBEHHON TTepeMeHHOI:

O+ u = pdppu + L (Qru) + A (Qru)” + (Qru)®,
u(x+2m,t) =u(x,t), u(x,0)=uy(zr), 0<x<2m,

rie u = u(x,t), Qu = Qu(z,t) =u(r+m,t); L A= — 3L (> 0 - mapamer-
pot |1, 2].

Vpagnenue (1) B cobonerckom ipocrpancrse H1(R/277Z) 2m— nepuoguuanbix QyHk-
[ TIPU KaxKJIOM 3HAYEHUU [apamMerpa fi OPOXK/aeT JUHAMUIECKYIO CUCTEMY.

Ncnonb3yst MeToJ| IeHTpaJbHBIX MHOTOOOpasuii, J0Ka3aHa TeopeMa O CYIIeCTBOBa-
HUW [POCTPAHCTBEHHO HEOJHOPOJHBIX perieHuil ¢1(z, (1), Oudyprupyonmx u3 mpo-
CTPaHCTBEHHO OJIHOPOJIHOTO ACUMITITOTHIECKH YCTORIMBOTO HYJIEBOIO PEIIEHUs TIPU Y MeH b-
IIEHUN LapaMeTpa (4 1 HPoxoxkenun oudypkainonnbix snadenuit py, k = 1,2, ... Teo-
peMa HOCUT JIOKAJbHBIA XapakTep IO IapaMeTpy [i.
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Juist vicene/loBanust AMHAMUKN CTAIMOHAPHBIX CTPYKTYD (1(Z, () IPH OTXOJIE apa-
MeTpa £t 0T 6udyPKAIMOHHOrO 3HAUEHNUS (1} CTPOUTCS HePAPXHUs YIPOIIEHHBIX MOeIel
zaaan (1).

JUTEPATVYPA
1. Azmanos. C.A., Boponyos. M.A., Heanos. B.F). lenepanus cTpyKTyp B OLTUYECKHX CHCTEMaX C JABYMEDPHOI 0GparTHOi
CBSI3BIO: HA IIyTH K CO3JAHUIO HEJMHEHHO-ONTUYIECKUX AHAJIOTOB HEHPOHHBIX cerell // HoBBbIe IPUHIMIIBI ONTHYIECKOR 06paboTKI
nadopmammu. Hayka. 1990.
2. Muwenxo E. @., Cadosnuuui B. A., Koaecos A. FO., Pozose H. X. ABT0OBO/IHOBBIE LIPDOLIECCHL B HEJIMHEHHbIX cpejax ¢ aud-
dysueit. PUIMATIINAT. 2005.

Vladislav V. Kravchenko (Queretaro, Mexico)
vkravchenko@math.cinvestav.edu.mx

TRANSMUTATIONS AND NEUMANN SERIES OF BESSEL
FUNCTIONS IN SOLUTION OF STURM-LIOUVILLE EQUATIONS

Let ¢ € C[—b, b] be a complex valued function. Consider the Sturm-Liouville equation

Ay = y" —q(z)y = —w’y. (1)

It is well known (see, e.g., [4]) that there exists a Volterra integral operator 1" called
the transmutation (or transformation) operator defined on C[—b,b] by the formula

Tu(x) = u(x) + /_x K(x,t)u(t)dt

such that for any u € C?*[—b, b] the following equality is valid
ATu =Tu"

and hence any solution of (1) can be written as y = T'[u] where u(x) = ¢; coswz +
co sinwx with ¢; and o being arbitrary constants.

In the talk several new results concerning the properties and construction of the
kernel K are discussed. In particular, different exact representations for K in the form
of functional series are presented admitting efficient numerical implementation.

As corollaries of these results, new representations of solutions to equation (1) are
obtained possessing the following feature important for practical applications. Partial
sums of the series approximate the solution uniformly with respect to w which makes
it especially convenient for the approximate solution of spectral problems. Numerical
methods based on the proposed approach allow one to compute large sets of eigendata
with a nondeteriorating accuracy. The talk is based on [1-3].

Additionally other applications of the main result are discussed such as construction
of complete systems of solutions of partial differential equations including the extension
of the method of fundamental solutions onto the PDEs with variable coefficients.



«Table of contents»
Differential Equations and Mathematical Physics 94

REFERENCES

1. Kravchenko V. V., Navarro L. J. and Torba S. M. Representation of solutions to the one-dimensional Schrédinger equation
in terms of Neumann series of Bessel functions. Submitted for publication, available at arXiv:1508.02738.

2. Kravchenko V. V., Torba S. M., Castillo-Perez R. A Neumann series of Bessel functions representation for solutions of
perturbed Bessel equations. Applicable Analysis, 2017, http://dx.doi.org/10.1080/00036811.2017.1284313.

3. Kravchenko V. V. Construction of a transmutation for the one-dimensional Schrodinger operator and a representation
for solutions, available at arXiv: 1612.09577.

4. Marchenko V. A. Sturm-Liouville Operators and Applications.Birkhduser, Basel, 1986.

A.H. Kynukos, /. A. Kynukos (dpocaasab, Poccus)
kulikov d a@mail.ru

OBOBIMIEHHOE "KOHCEPBATVBHOE" YPABHEHUE
KYPAMOTO-CUBAIIINMHCKOT'O

[Ipenmonaraercs paccMOTpPeTh PsJT BOIPOCOB OTHOCATINXCS K aHAJN3Y JOKAJbHBIX
oudpypkannit KpaeBoit 3aj1auu

U + Ugpzx + buxx + CUyyx + aj (U’2).’E£C + a2(u2)xmx — O; (1)
u(t,x 4 2m) = u(t, x), (2)

e ar,az,b,c € R,a? + a3 # 0. Ypasuenne (1) 6buio ucnosibzopano B padore [1] B
KagecTBe OJIHON W3 BEPCHUil MOJIE/IN JIJIs OTTMCaHUsT MexaHn3Ma (POPMUPOBAHUS HEOTHO-
POJIHBIX CTPYKTYp B (buU3MKe MOrpaHNIHBLIX siBjieHuit. Hanpumep, B 3amadue o ¢popmu-
POBAHUHU HEOJIHOPOJIHOIO pesibeda Ha MOBEPXHOCTHU IOJIYIIPOBOJIHMKOBBIX MaTepPUAJIOB
1o/, BozJeiictBreM noHHON OGombapmuposku [2]. Kpaesast 3ajmaua (1), (2) momyckaer
cemeiicrBo perenuii u(t, x) = const € R.

B pabore m3yuen Bompoc 00 MX yCTOMYMBOCTHU, a TaKxKe JIOKaJbHbIE OudypKaIum
pu cMeHe uMu ycroidaupoctu [3-4]. B wacrHoctn, npu a; = 0 moKazaHo CyIecTBo-
BaHWE JIOKAJHbHOTO aTTPaKTOpa, BCE PENIeHUs Ha KOTOPOM IMepuojndeckne (pyHKIUU
IIEPEMEHHOI0 T ¥ HEYCTORUIMBBLI B CMbICJIE omnpejieenus JIsgmyHnosa.

[Ipu obocHOBaHMK YTBEPXKEHUI MCIIOJb30BAHbI TaKKe METOJbl TCOPUM JIMHAMUYIC-
CKWX CHCTEM KaK MEeTOJ WHTerPaJbHBIX MHOTOOOPA3Nil N ammapaT Teoprur HOPMaJIbHBIX
dopwm.

Pabota Bbinmosnena npu nojjepkke nannuarusaoin HUAP Apl"yY BUII-008.
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PABHOMEPHA{4 O'PAHNYEHHOCTD IIO ITYACCOHY
PEIIIEHNIN CUCTEM IU®PEPEHIIMAJILHBIX YPABHEHU !

[Tycrs 3amana nponssoiabHas cucreMa andpepeHnnajbHbIX YpaBHEeHUH 0T 1 mepe-
MEHHBIX T = (Z1, ..., %) :

At — pt,x), F(t,2)=(F(t2),... Ft )", (

npaBas 4acTh KOTOPOil 3a/lana U HernpepbibHa B RT x R™.

—_
~—

st nupoussosbioro ty € RT oboznauum vepes RT(ty) muoxecrso {t € R | t >

to}. Jlrobyro HEOTPUIATETHHYIO BO3PACTAIOILYI0 YUCIOBYIO MOCIEOBATEIHLHOCTD T
{7:}iz1, lim T; = 400, Ha30BEéM P-nocienoBareabHoCTbIO. Jlis Kazxk1oi P-mocienosa-

1— 00
TeBbHOCTH T = {T; };>1 06osuauum depes M (1) muoxkectsBo | J;o[T2i—1; T2i].

Omnpepesierne 1. bBydem 2o6opums, wmo pewenus cucmemo, (1) pasromepro ozpa-
nusenvs no Hyaccony, ecau daa cucmemon (1) natidemes maxas P-nocaedosamenrbnocmo
T = {7 }iz1, U 0 waorcdozo wucaa o = 0 cywecmeyem makoe wucao 5> 0, wmo das
1100020 pewenus x(t, ty, ro) cucmemor (1), 2de ty € M(71) u ||zo]| < «, svinoaneno
yeaosue ||z(t, to, xo)|| < B npu ecex t € RY(to) (VM (7).

Teopema 1. /s mozo, wmobv pewenus cucmemos (1), y Komopotd npasas wacmo
UMEET, HENPEPBIGHBLE YACTIHDLE NPOUEOIHBLE N0 T1 . . . , Ly, OLLAU DAGHOMEPHO 02PAHU-
wenwvt no Hyaccony, neobrodumo u docmamouro cyuiecmeosanue P-nocaedosamenvrocmu
T =7 }iz1 u Ppynruuu V(t,x) = 0, ydosaemeoparowetds yeaosuro Junwuya not u x,
sadannoti 6 RY (1) x R, komopue obaadarom caedyrowumu ceoticmeamu:

1). b(||lx|]) < V(t,z) < a(||z]), daa scex (t,x) € M(7) x R", 2de a(r) > 0 —
sospacmarowan Gynkyua, b(r) = 0 — neyowsarowas dynryus u b(r) — 0o npur — oo

2). V;(rt’x)(t,x) < 0 daa scex (t,x) € RY(m) x R™, 2de Vﬁm)(t,x) ~ eeprHAA
npouseodnas Junu dynryuu V(t,x) 6 cuary cucmemos (1).

Kpome Toro, B pabore BBEJICHbI HOHATHAS YaCTHYHON PABHOMEPHON OrpaHrueHHOCTH
o Ilyaccony u 4acTU4HOI paBHOMEpHOI OrpaHuYeHHOCTH 10 Ilyaccony ¢ 4acTUIHBIM
KOHTPOJIEM HAYAJbHBIX YCJIOBUIl perieHuii cucTeMbl (1) U mosydeHbl HeoOXOAUMbIE U
JOCTATOYHDBIC YCIOBUSA COOTBETCTBYIOIINX BUOB OTPAHUYCHHOCTH DEIICHHUIA.

B. A. Jlykbanenko (Cumdbeporiosn, PD)
art-inf@yandex.ru

KPAEBDBIE SAJAYN TUITA KAPJIEMAHA

1PaBora BrmonEeHa mpu mOAgepikKe rpanTa Ilpesuaenta Poccuiickoit ®emepamun Ne MK-139.2017.1
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MuTerpaJjibHoe ypaBHEHUE TUIIA CBEPTKU — YpaBHeHHe 1miaBHoro nepexoza FO. . Yep-
CKUil MeTOJIOM KOH(OPMHOI'O CKJIEMBaHUS CBEJ K 3ajiade KapJsemaHa Jijist 1OJIOCHI 1
pemui B 3aMkHyToM Bujie [1]. Kak unrerpasbhoe ypasuenue, tak u 3aa4a Kapiema-
Ha HAIIM IMAPOKKE MPUJIOXKEHUS B 3aJadaX TEOPUU YIPYTOCTH, TEIJIOIPOBOIHOCTH,
MaTeMaTHIecKoil (bu3uKu, Teopun BOJHOBOJIOB. Cjejlyss KOHCTPYKTHUBHOMY IIOIXOJLY
FO. . Yepckoro, nojydennbl pa3iandnbie 0000menns Ha guddepeHiuaibabie ypapBHe-
Hust, JuddepeHnnaibHO-Pa3HOCTHbIE, HHTEeI'PAJIbHbIE YpaBHEeHUs, OECKOHEUHbIE CUCTE-
MBI aJiIredpanvecKuX ypaBHEHUiT; MHOI'O3JIEeMEHTHBIE, JBYMEpHbIE, OIlepaTOPHbBIE U JKC-
TpemMaJsbibie 3a1aan |2-6|. [Ipogosmkast aHHbIe HATPABIEHWSI, HCCIETYIOTCsT 0000TIEeH-
Hble KpaeBbie 3ajiauu Tuila Kapsiemana, 3ajauu JiJis JIByX (PYHKIMI 1 SKBUBAJEHTHbBIE
UM HHTerpaJibHble YpaBHEHMUSI.

Kpaesas 3a1a1a Jij1s1 JIByX (DYHKIUI Ha OTPE3KE PELIAETCs C IIOMOIIBIO COOTBETCTBY-
omeit hbakropusannu KosdduimenTa. B paapHeitnmx npeodbpasoBaHusIX KCIIOJIb3YETCsI
JiuckperHoe npeobpasosanue Pypbe. Pelienne crpourcst B 3aMKHYTOM BUJI€ B 3aBUCH-
MOCTHU OT MHJIEKCa COOTBETCTBYIOIEH (DYHKIUN.

AHamM3UpyIOTCs SKCTpeMaIbHbIE 3a/1a91 JIJIsl HHTerPaJIbHbIX YPABHEHUIL C OlIepaTo-
pPOM CJIBUTa.
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cucremsr, 2014, Tom 4(32), Ne 1-2, C. 143-152.

JI. H. JIaxos (Boponex, Poccus)
levnlya@gmail.com

JAPOBHBIE ITPOU3BOJHBIE KUITPUAHOBA U
ITPEICTABJIEHUE PEINTEHNA 3AJTAYN KON JdJI4A
YPABHEHU Y SMJIEPA-IIVACCOHA-JTAPBY

[Iycrs  — BbimykJas obsacTh eBKIHIOBA mpocrpancTBa R, n ¥ dbukcuposan-
nag Touka obmactu 2. Yepes (20, p, ©) obosnaunm chepudeckne KOOPAUHATE TOUYKH
z € S,(n) = {z: |z —12° = p}. dpobunie oneparopsl Knnpusinosa, nopoxjenubie
cepuueckoit cummerpueit, umeror sug (M. [1]; em. rakeke [2], rie upuseien pasHocr-
HbIli BADUAHT)

_ 1 o (" f(xo,p,0) ,_
Da ) = a+2—n / ) Tn 1d7’
@) =0 s =)0 Jy (2= )
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Takoro poja omepaTopbl OKa3a/MCh CBI3AHHBIMU C WHTETPAJLHBIM IPeodpa3oBaHu-
em Dypne-bBeccensi, ¢ dopmynamn obparennsi npeodbpaszoBanueM Pajiona dyHKIunit
or chepuueckux cuMmmerpuii u ¢ dpopmysamu obpalenusi npeodbpasobanusi Pajona-
Kunpusnosa.

B namnom mokiaje octaHoBHMCS Ha (bopMysiax perrenns 3ajadu Komm s ypas-
wennsi Ditnepa-Ilyaccona-lapoy. Oyukimio v = u(x,t) cauraem U3MepuMOii U Ompe-
sesennoit B obnactu t € R, o € R, x R n = n' +n”. Honaraem v = (71,...,7w),
rie v; — (PUKCUpOBAHHBIC MOJIOXKUTEIbHBIC Ynca npu ¢ = 1, ..., n'. Mynaprunngekcy
CTABUM B COOTBeTCTBI/Ie cunrynsipubiit guddepennnanbusiit oneparop (Ag), = Ay =

ZZ ].B’Yz +ZZ n'+1 aa';
HYCTI) /8 > 0 — (bI/IKCI/IpOBaHHoe ITOJIOZKUTEJIbHOE YUCJIO. PaCCMOTpI/IM CJICAY IOy IO

331449y
(3+28) ule,t) = Aulw 1), (2,0) = f(x), w(z,0)=0.

[Tycts f € Cep(RY). Torma perenue onpeiessiercst moCpeCcTBOM MPUMEHEHUsT 06
Iero Bujia ApoOHOro onepaTopa KumpusHosa mopsiaka o = % dopmyoit

r(2s) p(nthl=i=s 1-8 [a]+1 ! P =Y A £ (g
) e ")t () R 0 e M) e

ueckoe cpejiaee Gynkiuu na cdepe S,.(n).
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M. S. Mateljevic (Belgrade, Serbia)
miodrag@matf.bg.ac.rs

ESTIMATE FOR ELLIPTIC PDE AND DISTORTION OF
QUASICONFORMAL, HARMONIC MAPS

We study the groth of gradient of mappings which satisfy certain PDE equations
(or inequalities) using Green-Laplacian formula for functions and its derivatives. If
in addition the considered mappings are quasiconformal (qc) between C? domains, we
show that they are Lipschitz. Some of the obtained results can be considered as versions
of Kellogg-Warshawski type theorem for qc-mappings.

More precisely, developing further methods from Heinz paper 2., we prove

Theorem 1. (i) Let Q be a Jordan domain in R™ with C* boundary and f : B,
Q be C?, which has continuous extension on B.

(ii) Suppose that f satisfy Poisson-Laplace type inequality on By = B(z,79) N B,
where xo € S and ro > 0.

onto
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(I) There is 0 < ry <19, ¢ > 0 and and a unit vector fields X on By = B(xg,r1)NB
such that |df,(X)| < ¢ for every x € By and X € T,B.

If in addition f is qc in By, then f is Lipschitz continuous on Bj.

Every Lyapunov domain in plane is exhausted by a monotonous sequence of C'°°-
domains which are Lyapunov - uniformly bounded. Hence we can prove (qc) harmonic
between Lyapunov-domains (in particular C*-domains), we show that they are Lipschitz.

We also plan to discuss a major breakthrough concerning the initial Schoen Conjecture:
A quasiconformal map of the sphere S? admits a harmonic quasi-isometric extension
to the hyperbolic space H3.

Among the other things, as tool we use the interior estimates for Poisson type
inequality and try to imply it to study boundary regularity of Dirichlet Eigenfunctions
on bounded domains which are C? except at a finite number of corners (Y. Sinai’s
question).

REFERENCES
1. Gilbarg, D., Trudinger, N. Elliptic partial Differential Equation of Second Order. Springer Verlag Second Edition, 1983.
2. Heinz, E. On certain nonlinear elliptic differential equations and univalent mappings, J. d’ Anal. 5, 1956/57, 197-272.

3. Kalaj D., Mateljevié¢ M. Inner estimate and quasiconformal harmonic maps between smooth domains. Journal d’Analise
Math.2006. Vol. 100,pp.117-132

FO. M. MemxkoBa (Caukr-Ilerepbypr, Poccus)
juliavmeshke@yandex.ru

OIIEPATOPHBIE OITEHKU ITOTI'PEINTHOCTU 1PV YCPEJIHEHUN
QJIJINIITUNYECKUX, ITAPABOJINMYECKUX U
TMIEPBOJIMYECKNX CUCTEM B OTPAHNYEHHOI OBJIACTH

IIycts O C R? — orpanmdennas obnacts knacca O B Ly(O; C") pacecmarpuBaet-
Cs1 CAMOCOIIPSIZKEHHDIN MaTpUUHbI jiud depeniuanpublii oneparop Bp . IpH ycaoBun
Hupnxie wa 0O. OnepaTtop mpearnonaraeTcsi CHIbHO jummnTudeckum. Canraem, 9To
Bp. > 0. Koaddunuenrsl oneparopa Bp . Hepuojniibl OTHOCUTEILHO HEKOTOPOIi pe-
merkn B RY i 3apucar ot x/e, € > 0. [losToMy onm 6LICTPO OCIUIUPYIOT TpH € — 0.

Vepeanenue pesosibeentsl (Bp . — CI)™! nonyueno s [2].

Teopema 1. [Iycmo ¢ € C\ R, ¢ = [¢]e??, || = 1. Tycmv c(¢) = |sin¢| ™! npu
¢ € (0,7/2) U (37/2,2m) u c(¢) = 1 npu ¢ € [7/2,31/2]. Toeda npu docmamouno
manom € > 0 6vinosneno

I(Bpe = ¢I) ™ = (B = ¢I) M)+ a0) < Cre(9)’el¢] 2. (1)

Bdecv BY, — afiexmuenniti onepamop ¢ nocmoannvmu xosdduyuernmamu. Iocmo-
annas Cp s3asucum moavko om dannux 3adawu. Ipu durcuposanmom ¢ ouenxa (1)
umeem mounoil nopsador O(g).
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Pesysbrarsl TAKOro THIIA, HA3LIBAIOT ONEPATOPHLIME OIEHKAMHE IIOTPEIIHOCTH B TEO-
pun ycpe tHenns. JJ0Ka3aTe heTBO OCHOBAHO Ha, TPOJIOIPKEHNH BO BCE TPOCTPAHCTRBO RY
¥ UCHOIb30BAHNE Pesy/IbTaTos yepeanenus B Lo(RY; C"), yeranosnennbix s [1]. C no-
MOITIbI0 0OpaTHOTO mpeobpasosanus Jlamnaca u3 (1) BRIBOAUM CJIEIYIONHHA PE3YIbTAT.

Teopema 2. IIpu docmamouro marom € > 0 umeem
le™Bret — 752 | 1 oy s yo) < Cos(t + &%) V2=t ¢ > 0;
1/2 _
| (cos(tBD/’E) — COS(t(B%)l/z))(B%) QHLQ(OHLQ(O) < Cee (L+1tP),

t € R. ITocmoannwve Cy, C3 u Cy 3asucam moavko om dannvx 3adavu. Ipu durcu-
posannom t amu ouenku umerom mounoii nopadox O(g).
Teopema 2 mpuMeHsieTcst K BOIPOCY 00 yCpeaHeHHH pelleHnii 3ajaqdn Ko st

1napaboJInuecKnX U TUnepooJMIecKuX CUCTEM.

JUTEPATVYPA
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A.B. Morgulis (Rostov-na-Donu - Vladikavkaz, Russia)
morgulisandrey@gmail.com

ONSET OF SINGULARITIES OF STEADY SOLUTIONS TO THE
INCOMPRESSIBLE EULER EQUATIONS DESCRIBING THE OPEN
FLOWS IN FINITE CHANNELS

We study the boundary value problems for the Euler equations of inviscid incompres-
sible fluid which we are considered in the curvilinear quadrangles (channels). On their
boundaries, the normal velocities are prescribed everywhere except for the vertices.
It is supposed that the normal velocity does not change its sign on the sides of the
quadrangle so that one side in whole is the flow inlet, the opposite side in whole is the
outlet and the other pair of sides represents fully impermeable walls. In addition, the
boundary conditions prescribe the flow vorticity on the inlet.

For every problem formulated as described above there exists a weak solution which
turns out to be smooth provided that the correspondent vector field of the flow velocity
has no zeroes [1-2|. Such solutions are referred to as through flows. The talk we present
is focused on the conditions being necessary for existence of through flows depending on
the given channel and boundary conditions. These results imply that the appearance of
stagnation points and singularities of the solution are inevitable for rather wide classes

of boundary data; see [3| for more details.
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O BAHAXOBOI1 AJITEBPE OIIEPATOPOB TUIIA BEPTMAHA C
ABTOMOP®HBIMU KOSOPUIIMEHTAMU N CIBUT'AMU

IIycrs {We = {W, € G}} - napabosmueckast niu runepbosmdeckast OecKOHe -
Hasl MUKJIXYECKas IPYIIa, Ju00 UTMITHYICCKAs KOHEUHAs Ipymna, D — euHAIHbBI
Kpyr (cm., manp., monorpadwuio 1.) Ilycrs, nanee, A=) a,W,. Ilycts Takxke HOpMa,

g
B asrebpe onpesersiercst npasuiom: |||A]|[1=>_ a,2W,. Ilycts B - u3secrublii omnepa-
9
top rtuna Beprmana (nanp., nosm-Beprman wiu antu-nosm-Beprvman oneparop; cum.,

HaIp., copmecTHyo crarbio ). . KapiaoBuua u aBropa 2., a Tak»Ke YKa3aHHYIO TaM
qureparypy.) CipaBeimBa CIeyoias TeopeMa.
Teopema. IIycmv epynna G ydosaemsopaem ykazanmvim eviwe ceoticmeam, B

onucan sviue. Tozda onepamop B=> A,W, dpedeorvmos (némepos) 6 banarosom
geG
npocmpancmee Ly(D) , ecau u mosvko ecau e20 cum6os HeGbPOICIEH.
3ameueHne. Asmomopproie GyHKUUL, YKA3AHHLE 6bLULE, U3BECMHDL JOCTAMOYHO
dasro. Cm., nanp., xuuey B. B. Toaybesa, uumupyemyo Huxice, a mMakxice Nepeyio
yacms monoepapuu B. B. Ilabama, mootce npusedennyo Huxtce.
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B. MopmiuaeBa
(Poctos-na-lony, Poccus)
morsh@math.sfedu.ru

BUD®YPKAIINN KOPASMEPHOCTU 2 B INTHAMUNYECKINX
CUCTEMAX C KPYI'OBOM CUMMETPUEN

Paccmarpusatorcst Oudypkaium KOpasMepHOCTH 2 B JIMHAMAYECKUX CUCTEMaX, MHBa-
PUAHTHBIX OTHOCUTENBHO Ipymibl O(2). s uccaeoBanns UCIONb3YETCs METO]] CBe-
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JIeHUs Ha TIeHTpaJibHOoe MHOTrooOpa3ue. [locTpoeHbl aMILTUTYIHBIE CHCTEMbI B OKPECTHO-
CTH 3HAQUEHUI MapaMeTpoB, IIPU KOTOPBHIX HEUTPAJILHBIA CIEKTD JIMHEHHOrO orepaTopa
COCTOUT U3 JIBYX AP YMCTO MHUMbIX COOCTBEHHBIX 3HAUEHUH.

[IpoBeneno uccienoBanve aMIIATYIHBIX CUCTEM Ha WHBAPUAHTHBIX MOITPOCTPAH-
crBax. [lokazaHo, 9TO B YCJOBUAX OOIIEro MOJIOYKEHW BO3MOXKHO BOZHUKHOBEHWE I1e-
PUOJIMIECKUX PEIIEeHNI THTIa OEryIux BOJIH U UX HEJIMHEHHBIX CMeceil, & TaKyKe BO3SHUK-
HOBEHUE KBasullepuojinueckux periennit. [lojiyuenbl siBHbIE BbIpaXKeHUs JIJisi aCUMIITO-
TUK BO3HUKAIOIIUX PEIICHUN U JJIsI BEeJININH, OIIPEICIAIONINX XapaKTep X BETBJICHUI
u ycroitunBocTh. [IpuBogsaTes npuMmenennst Teopun K 3ajadaM KOHBEKITUN.

B.T. Hukosaes (Besmkuit Hosroposx, Pocumns)
vgl4@inbox.ru

OB O/IHOM METO/IE PEIIIEHUS 3AJIAYM IIIBAPIIA B
4-MEPHOM CJIVUAE

Ilycts maTpuna J € C"*" He uMeeT BeIeCTBEHHBIX COOCTBEHHBIX UHCEJ. AHaIUTH-
aeckoii 1o dyriucy [1], wiau J-anasurudeckoii ¢ marpureit J Ha3bIBAETCsl KOMILJIEKCHASI
n-sektop-pynkuust ¢ = ¢(z) € CH(D), nna xoropoit B obnactu D C R? pomosneno

ypaBHEHUE i J - i 0, z € D. B ckausipiom ciydae, npu J = A, ImA # 0
Yy

bynxmmuio ¢ = fy(z) € CH(D) bynem naspiBaTh A-rojomopdHoii B obmactu D.
Pacemorpum cienytontyio Kpaesyto sadayy [leapua [1]. Tlycts kKoHEUHAST OTHOCBS3-
nag obnacte D C R? orpanmdena xontypom I'. Tpebyercsa HailTn J-aHaIUTHICCKYIO C
marpuieit J B obmactn D dynkmmio ¢(z) € C(D), KoTopas yI0BIETBOPSET KPacBoMy
yeaosuo Re ¢(2) | = 1(t), rae semecrsennas sexrop-dynkuust 1(t) € C(T') sanana.
I[Iycrs n = 4. O6o3HaUNM Yepes X, ¥ KOMIIJIEKCHOE COTIpsizKeHIe BeKTopoB X,y € C2.
PaccmoTpum ciiestyionue MaTpHILbL:

A0 00\ Q=xy X+hx,y+by), lileC,
7 1 00 x,y € CY, (Im\) - (Im ) > 0,
oo oo | (=1, |l ={0:1}, ecim X # p,

001 u {ll,lz — TPOU3BOJILHBIE, €CJIU \ = [i.

NUmeer mecTo

Teopema 1. ITycmv mampuye J = QJ1Q71, 2de mampuywn Q u J, onpedeaenn
evaue. Ilyemo T' = 0D — wowmyp Jlanynosa, epanuunas dynwyua p(t) € CHo(T).
Tozda sadaua Hlsapua umeem eduncmeennoe (¢ mMounocmvo do 6eKMOP-NOCMOANHOT)

pewenue ¢(z) € H7(D).
Jloka3aTesqbCcTBO ocHoBaHO Ha caeyiomeM dakre. Obosnatmm: fi = yf) + hy,
91 = yg, + hy. Moxuo nokasatn, uro sajada Ilapra s 1aHHOTO CTyHdast PaBHO-
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CUJIbHA NIPUBEJIEHHON HUXKE Mape TPAHUIHBIX 3334 JIJI CKaJSIPHbIX (PYHKITMOHAIbHBIX
ypaBHEHWI:

f)n g,u € CLU(E))

I+, + byl =01 i + 30+ bai|p = @2, {hl,hg e H7(D),

1Jle CKaJisipHble (PYHKIUU Q] = g01(¢), P2 = @2(¢) € Cl’a(F)-

JUTEPATVYPA
1. Hukoaaes B.I., Coadamos A. II. O pemennu 3ama4u [[IBapra ais J-aHaauTudecKux QYHKIHA B 06/1aCTAX, OFDAHUIEHHBIX
koutypoMm Jlamymosa. duddbepenmuanpubie ypasaenus. 2015. Tom. 51, Ne. 7) cTp. 965-969.

JI. B. HoBukoBa (PocrtoB-ua-/lony, Poccus)
lvnovikova@sfedu.ru

TOITIOJIOTUA ®A30BOI'O IIOPTPETA HEKOTOPOTI'O
HEJIMHEMHOI'O HEOJHOPOJHOTI'O YPABHEHU I

PaceMmorpuM HEOIHOPOIHOE HEJTMHERHOE YpaBHEHNS TEILIOMPOBOIHOCTH
2 2
Uy = VI Uy + QU + Su (1)

C MEPUOITIECKIME KPAEBLIME yCIOBUAME U (X427, 1) = u(x, t) 1 HAYATIbHBIM YCIOBHEM

u(-,0) € Wi, toe Wi = {u(-): w(z) = 3, cp un€™; Y, nPua|* < oo}
1/2
[Ipocrpancrso Wy ¢ mopmoii ||ully, = <Z n€Z(n*+ 1)\un\2> sBJisteTcs Oa-

HaxoBOil asrebpoit. YpasHenue (1) MOXKHO paccMaTpuBaTh Kak HBOJIOIMOHHOE yDaB-

2
nerne & = Au + ®(u) 8B Wi, e A = va?ls + o, ®(u) = Bu?. Cobersennbiy
dbysrmuam ¢, = 2", n = 0,1,2,... oneparopa A oTBedarOT COOCTBEHHBIC 3HATCHUS

Ay = Up(n — 1) + a. Ucnonnsys pnsa dynkmumit u(z, t) n Bu?(x,t) pasnoxenne B psja
Teitsiopa:

o o
u(,t) = S wt)ats fut(e,t) =83 (5 w)
k=0 k=0 Nitj—k
ypasrenue (1) MOXKHO MPEICTaBUTh B KOOPJMHATHON (hopme
du
d—tk:( P —vk+a)ug+ 8 Y wuy; kyi,j=0,1,2,...

i+j=Fk

Vcnonb3yst 6eCKOHETHOMEPHDI aHAJIOr TeépeMbI 3uresst s SBOJIOIMOHHBIX YPaB-
HeHUi B GAHAXOBBIX POCTPAHCTBAX B MPUMEHEHNN K ypaBHeHUio (1) mosydaeM ciiery-
IOIUI Pe3yJIbTaT.

Teopema. Cywecmsyem anasrumuveckuii no Ppewe dugppeomoppusm H: Wy —
W1 mexomopot oxpecmmocmu S wyas banarosot arzebpo. Wi na ceoti obpas, ¢ mooic-
decmeennoti 6 nyae aunetnot wacmoro: H'(0) = I, makot, wmo 3amena nepemennoLr
u = H(v) npusodum neaunetinoe ypasnenue (1) 6 oxpecmmuocmu S & aunetnomy neod-
HOPOOHOMY YPABHEHUIO MENAONPOBOOHOCTIU Vy = VI Vgy + OV, €CAU 0N BCET UCABIT
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yucea n € Z u nexomopoeo s > 0 6uinoanen, nepasencmea
lvn+ka| > 1/k°, k=2,3,...

Eciin uncsia v n o cunrarh 4UCTO MHUMBIMU, TO COPMYJIUPOBAHHAs TEOpEMa, 1103-
BOJISIET MOJTHOCTHIO Y3HATH TOMOJIOTHIO (pa3oBoro ypasuenus (1) B OKPECTHOCTH HYJIS B

W1 dazoBblil mOpTpEeT 0OKa3bIBAETCsS PACCJOEH Ha KOHEUHOMEpHbIe 1 OeCKOHEUHOMEep-
Hble UHBAPUAHTHBIE TOPHI.

. B. Ocrposckas (Pocros-una-lony, Poccus)
ivostrovskaya@sfedu.ru
OB YCTOMYMBOCTU TOMCOHOBCKOI'O BUXPEBOI'O
MHOT'OYTI'OJIbHUKA BHE KPYTA B CJIVUAE HEHVYJIEBOI
IMNPKYJIAIINN OBTEKAHNA I'PAHUIIBI

PaccmarpuBaeTcs cuctema n TOUEUHBIX BUXPEl OMMHAKOBOW MHTEHCUBHOCTHU ¢, Pac-
MOJIOXKEHHBIX pABHOMEPHO Ha OKPYKHOCTHU pajinyca Ry BHE KPYTroBOil 00JIaCTH pajinyca,
R. Tlpennonaraercst obrekanue Kpyropoii IpaHuIlbl ¢ HeHyJieBoi rupkyJisnueit ['. JIpu-
JKEHUe TaKOM BUXPEBON KOH(DUI'YPALMKU OIUCHIBACTCS IaMUJIbTOHUAHOM:

2
H:—Z—W Z 1n}zj—zk‘ —|——ZZIH‘R —zjzk

1<j<k<n j=1 k=1

N — R 2
—_— g ln‘zk‘ - — g ln’zk‘ )
k=1 dm k=1

. A~ R2
3jech 2 = T + Yk, Tk, Yp — KOOPJAMHATHI k-10 BUXDs, 2, = — — OTpaxenue k-ro
%k
BUXPsT TPaHUIE Kpyra.

Bajiaua UMeeT pelleHue, SIBISIONeecs CraldoHapHbIM BPallleHUeM
2 = e“tuy,  up = Ry k=1,....n

7 2n xI[ R?
W =wp = 47TR2<3n_1_1—qn>+TR(2)7 q:ﬁg<1.
[TpoBejien ana M3 yCTORYMBOCTU 3TOTO PEXKWMa B paMKax T0j(xoja, passuroro B. 1.
FOoBudem juist 3a/iadm yCTOWYMBOCTH CTAIIMOHAPHBIX JIBUYKEHUH JIMHAMUYECKUX CH-
cTeM, 00JIaTal0NINX IPYIIOH CUMMETPUN. YCTORUINBOCTD 3/1€Ch TOHMMAETCS KaK YCTO-
auBOCTH 0 Paycy (opOuraibHasi yCTOHIHBOCTD CTATIMOHAPHOTO JIBUZKCHIS ).
B pabore ucciesoBana KBajipaTudHasi 4acTh MPUBEJICHHOTO MaMUJILTOHUAHA U COD-
CTBEHHbIE 3HAUYEHUsI MaTpUIlbl JinHeapusanuu. [lokazano, 4To Bce POCTPAHCTBO 11apa-

MeTpoB 3ajaun (¢, 1) pasbuBaercss Ha Tpu acTu: 06JACTh yCTOWIMBOCTH 10 Paycy B
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TOYHON HEJWHEHHON TMOCTAHOBKE, 0OJIACTb SKCIIOHEHITUAJBHON HEYCTONIUBOCTU W 00-
JIACTh B KOTOPOI TpebyeTcst HeJInHelHbi anauns. s ciaydaeB n = 3, 5 HalijieHbl Bce
PE3OHAHCHI JI0 YeTBEePTOro HOPs/iKa BKAYUTEIHLHO.

Pabora BeimosiHena B paMkax 6a30B0Oil 1aCTH TOCYTAPCTBEHHOTO 3a1aHust MuHncrep-
crBa obpasosanus u nayku PO (3amanue Ne 1.5169.2017/BY).

E. Yu. Panov (Veliky Novgorod, Russia)
Eugeny.Panov@novsu.ru

ON THE LONG TIME BEHAVIOR OF PERIODIC VISCOSITY
SOLUTIONS TO A HAMILTON-JACOBI EQUATION WITH SINGLE
SPACE VARIABLE

In the half-plane IT = R, X R we consider a first order Hamilton-Jacobi equation
u+ fluy) =0, w=u(t,x), (t,z)€ll, (1)

with merely continuous hamiltonian function f(v) € C(R). We study the long time
behavior of z-periodic viscosity solutions u(t,z) € C(Ry x T) of (1), where T = R/Z
is a circle. Let —oo < a < 0, 0 < b < 400 be points of extended real line such that
(a,b) is the maximal interval, where f(v) = f(0) + cv for some ¢ € R. If such intervals
do not exist, i.e. the function f(v) is not affine in any vicinity of 0, we set a = b = 0.
The main our result is the following

Theorem 1. There exists a periodic function w(y) € C(T) (the traveling wave
profile) and the constant ¢ (the speed) such that
u(t,z) + f(0)t —w(x —ct) = 0.

t—+00

Moreover, the function w(y) satisfies one-sided Lipschitz conditions:

a(ys —y1) < w(ye) —w(yr) < bly2 —y1) V1, y2 € Riyp < o, (2)

while the speed c¢ is determined by the requirement f(v) = f(0) + cv on (a,b). In the
case a = b = 0 the function w = const, in view of (2), and the value of ¢ does not
matter.

The proof of Theorem 1 is essentially based on recent results [1,2] concerning the
long time behavior of periodic entropy solutions to the conservation law v; + f(v), = 0
corresponding to (1).

The research was carried out under support of the Russian Foundation for Basic
Research (grant no. 15-01-07650-a) and the Ministry of Education and Science of
Russian Federation (project no. 1.445.2016/®IIM).
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C. E. Pastukhova (Moscow, Russia)
pas-se@yandex.ru

HIGHER INTEGRABILITY PROPERTY OF SOLUTIONS TO
p(z)-LAPLACIAN AND DOUBLE-LOG CONDITION ON p(z)

Elliptic equations of p(x)-Laplacian type are studied in R™. We assume that the
measurable exponent p(z) satisfies the restriction

l<a<plx) <P <o,

There is a well-known logarithmic condition (or briefly log-condition) on the modulus
of continuity of the nonlinearity exponent p(z), which ensures that a Laplacian with
variable order of nonlinearity inherits many properties of the usual p-Laplacian of
the constant order. One of these is so-called higher integrability of the gradient of
the solution. In [1] it is established that this property holds also under a slightly more
general condition on the exponent p(z), although then the improvement of integrability
is logarithmic rather than power-like as in the previous cases mentioned before. This
more general condition may be called as "double-log condition". It implies that

(@) ~ s Swllr—yl). le—yl <7

where o In In(1/1)
0LnLmn

W) = =m0

The property of higher integrability is proved in the case: kg < a/n.

ko > 0.

The method put forward in [1] is based on a special generalization of Gering's lemma,
(see |2]), which relies upon the reverse Hoelder inequality "with increased support and
exponent on the right-hand side".

JUTEPATVYPA
1. Zhikov V. V., Pastukhova S.E. Improved integrability of the gradients of solutions of elliptic equations with variable
nonlinearity exponent, Sbornik: Mathematics 199:12 1—33.
2. Zhikov V. V., Pastukhova S. E. On Gering‘s lemma, Dokl. Math. 77:2(2008) 243—248.

B. 9. IlerpoB (Caukr-Ilerepbypr, Poccus)
vladimir.petrov@twell.ru

IIPEOBPA3BOBAHUS ®YPBHE C IIPOU3BOJJILHOM ®A301
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PaccmaTpuBatoTcs ypaBHEHUS Ha TTOJIYOCH, COJIepKAlIie JIMHeHHbIe KOMOUHATY Sin-
u cos-mipeodbpaszoBanuii Pypwe:

Alu)(6) = a(€) / uly) coséydy +46) [ uly) simgydy = £©. (1)
A*u)(€ /a y) cos &y dy + /@U(y) sin§y dy = f(§). (2)

Ykaza# crmocob CBeJeHusT STUX ypaBHeHuii K 3ajade Pumana ma ocu (em. [1]). Ha-
npuMep, ypasHenuto (1) coorBeTcTByeT 3ajada:

a(|¢]) — isigng b([¢]) 2f(1¢1)
a(\f\) —l—isignfb(\f\) (\f\) —l—z&gnfb(\f\)

[Ipu b(0) # 0 u (wm) f(0) # 0 kosbduIEenT u mpaBast IACTH MOIYT OBITH PA3PHIBHDL.
DTO ONpeIeTNT UHICKC 33/1aMH U KJIACCHI penieHnil. BaskHbIM IpuIoKeHneM sBJIseTCs

U +U (¢ = (3)

MOCTPOEHUE TEJIOT0 KJIACCa SBHO peliaeMbIX ypaBHeHni XaHKess Ha nojyocu. Hopmu-
pyem KO3 UIUEeHTbI:

a(§) = cosp(£), b(§) = sinp(£).

Torna oneparop A*A sBisieTcst ornepaTopoM XaHKeJsI:

A*Alu)(x) = mu(x) + /k(x +y) u(y) dy, /COS &t — 2¢()) d€.

Teopema 1. Ecau Ind exp{—igp(|§|) signf} =0, mo ypasnenue Xankens

AAlul(x) = f(z), f(lx]) € {03} (em. [1]),

umeem edurcmeernHoe 02PAHUYMYEHHOE PEUWECHUE, npe@cmae./memoe KOHEUYHDIMU %eadpa—

mYypamu.
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JNHAMUKA CTAIIMOHAPHBIX CTPYKTYP B
ITAPABOJINMYECKO! 3AJAYE HA OTPE3KE
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Ha orpeske paccmMarpupaercs JIUHAMUKA CTAIMOHAPHBIX CTPYKTYP B mapabosumde-
CKOM ypaBHenuu [1]
ou 0% )
— = pe——stut+ AP -, O<ax<m t>0 1
C KPAEBbIMK YCJIOBUSIMU BTOPOTO POJIA:

uz(0,t) =0, wux(m,t) =0, (2)

rae (i, A - IOJOXKUTENbHbIE TTapaMeTPhL.

Metoji0M 1ieHTpaIbHBIX MHOTI'0OOpa3uil JJoKa3aHa TeopeMa O CyIeCTBOBAHUN U YCTOM-
YUBOCTU IPOCTPAHCTBEHHO-HEOIHOPOJIHBIX CTAlMOHAPHBIX pelienuit ¢1(x, 1), ¢1(m—
T, [1), OTBETBJISIFOIIUXCST OT HYJIEBOTO DEIeHUst Mpu (4 = 1. YTBEPKICHUS TEOPEMBI O
cymecTBoBannu, (popMe U yCTORIMBOCTH HOCAT JIOKAJTLHBIN MO TapaMeTpy (i XapakK-
tep. IIpoBeéHnbIe YMCIeHHbIE PACUYETDI TTIO3BOJIAIOT YTBEPKJIAThH, YTO HOJYYCHHBIC B
TeopeMe aCHMIITOTHIECKHe Pa3JIoKeHust pertenHuit o(x, 1), p1(m — x, u) B okpecr-
HOCTH (& = 1 SABJIAIOTCS NPUOJIMIKEHHBIMU PEIIeHUsIME PAcCMaTPUBAEMOli 3a/1aun Ha,
JOCTATOYHO NIMPOKOM MHTEPBAJIC U3MEHEHUsST mapaMeTpa. L.

ITpu A = 0.001 ObL1 HpoBeJeH aHaJU3 TaJépKUHCKOH 30-TH MOJOBOI AIIIPOKCH-
marmn 3aga4qu (1)-(2). CorsacHo 9TOMY aHAJM3Y CTAIMOHADHBIE DEIICHUS SIBJISTIOTCS
HEYCTOMYUBBIMU C WHJIEKCOM HeycToitunBocTr 1 Ha BeéM npomexkyTtke (0, 1) usmenenust
napamerpa p. [logaepkuém, aro npu Masbix (1 @1(x, i) sBisiercs pemernem (1)-(2) Tu-
a BHYTPEHHErO IEePEXOIHOr0 CJIOs ¢ OJHON TOUKOM Iepexojia, KOTopas MprOIMKaeTCs

kK 0 mpu p — 0. IIpu npoxoxkaennun mapamerpa [ dYepe3 3HadeHne 2 rapa craruoHap-
HBIX perteHuit u = pp(x, 1), u = (T — T, 1) POKIACTCA HEYCTONIUBOIN ¢ HHJIEKCOM
HEYCTOWYMBOCTU Kk M COXpPaHSET UHJEKC HEyCTONIMBOCTH Kk Npu JlajbHENIeM yMeHb-
LICHUU llapaMerpa (.

JUTEPATVYPA
1. Xenpu /JI. Teomerpudeckasi TeOpust MOIYIMHERHBIX apabomaeckux ypasuenmii. M.: Mup. 1985.

H. M. ITonakosa (Pocros-na-/lony, Poccus)
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MOJEJINPOBAHUE BBICHIXAIOIIIEN KAILJIN
BUOJIOTMYECKON YKUJIKOCTU

[Ipn onmcannm MaTeMaTHIECKON MOJIENN BLICHIXAIOIIEH KAIUIN UCIOTb30BAJIACh CH-
cTeMa ypaBHEHMU{H, OMMCHIBAIOIIAST CIIONTHYIO CPEJLy, COCTOSIILYIO U3 YIIPYToro KapKaca
u kugKocTd |1

pvy = —Vp + puAv + I'(u, — v),
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puy = dive — ['(u; — v),
o=0‘+to'+o"

351ech pyf, p — IIOTHOCTHU YKUJAKOCTH U YIPYTOro KApKaca, p — JABJIEHHe, ¥ — CKOPOCTh
TEUYCHUST KUJIKOCTH, (L — AMHAMUUECKAS BI3KOCTH YKUJIKOCTH, U — BEKTOD HePEeMeIle-
HUl yUpyroro kapkaca, I’ — TpeHue Mexjy KapKacOM U >KUJKOCTbIO, O — TEH30pD
HAIIPSIXKEHUsT JIJIs1 KapKaca.

st wpenTuduKaIuy aKTUBHOM 9acTy TeH30pa o K HCXOHBIM yPABHEHUAM CJIELyeT
J00ABJISATH yPABHEHK, OIMCHIBAIOIINE XUMUIECKYIO KMHETUKY IIPOIECCa.

st onrcanust TpyObIX IPOCTPAHCTBEHHLIX CTPYKTYP, BOSHUKAIOIINX IPU UCIIAPEHIN
KallJIi, OKA3aJI0Ch JOCTATOYHBIM PacCMaTpuBaTh Oe3uccunaTuBibie Mojaesu. [loseje-
HUe CBOOOIHON MOBEPXHOCTH Karau h(r,t) B MPEJIOJI0KEHNN BPAIATEIHHON CHMMET-
puu 3aJlaeTcst ypaBHenuem |2]

N+ e = —vor,

rjie vg — MapaMerp, CBI3aHHbIM CO CKOPOCTHIO UCTIAPEHUsT KATlJIH,

Ananu3 pe3yabTaToB UNCACHHOTO PelIeHus MOJEIN MOKa3aJ BO3MOXKHOCTEL €e WC-
MOJIB30BAHUS JIJIs OTMMCAHUS TPoIiecca 0bpa30BaHus MPOCTPAHCTBEHHBIX CTPYKTYP TPH
BBICHIXaHUH Kalim [3].

Pabora Bbitiojinena 1pu gpuHaHCcoOBOM 110jJIepKKe 6a30BOI YaCTU IOCYapCTBEHHOIO

sajanust 1.5169.2017/BY Munucrepcrsa obpasoBanus u nayku PO, KODY.

JUTEPATVYPA
1. Banerjee S., Marchetti M. C. Instabilities and Oscillations in Isotropic Active Gels arXiv:1006.1445v1 [cond-mat.soft],
2010.
2. M. FO. >Kyxos, E. B. Illupaesa, H. M. Iloaaxosa. MomennpoBanne ncnapenust Kamm xuakoct. Pocros-na-lony, I3a-Bo
IOy 2015.
3. Brutin D., Sobac B., Loquet B., Sampol J. Pattern formation in drying drops of blood. 2011, JEM, 667, pp. 85-95.

K. A. Pagomupckasa (Cumdepornosn, Poccus)
radomirskaya@mail.ru

CIIEKTPAJIBHBIE 1 9BOJIFOIIMOHHBIE 3A/TAYN
COIIPAZKEHN £

Ha 6aze obmiero mojxoia K UCCAEOBAHAIO aDCTPAKTHBIX KPAEBBIX 3aJa4 COIpsIzKe-
mnst (em. |1], [2]) pasobpambl criekTpasbHbIe 3a/a9u COMPSIKEHUs JJIsT OJHON W JIBYX
objiacreit. B pedyJibrare ux uccje/0BaHus BOSHUKAET OlepaTOPHbIN TyY0K

L) := (I —puBy —ANA'4+B3) = X'B))o=0, o€ H, X\ peC,
H=1I1,), 0<B,=B, €6 (H), k=24, 0< A= A" € G (H).

[Tyuok 3aBucur o1 JIByX napaMerpoB A u p. Paccmarpusaercst 00a BO3MOMKHbBIX CJIy-
Yasl, KOTJIa OJUH U3 MapaMeTpOB CIeKTPAJbHBIN, a JIPYTroil ABJIgeTcsd (DPUKCUPOBAHHBIM,
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B 3aBHUCHMOCTH OT 9TOI'O BBIBEJIEHBI CBOMCTBa pelieHuii. B yacTrHoCcTH, eciu A — CIIek-
TpaJbHBII TapamMerp, a (1 — GUKCHPOBAHHBINA W MEHBIIIE HYJISA, TO BOZHUKAET XOPOTIO
u3ydeHHbIi onepaTopHbiil mydyok Kpeiina. Ecin nHaobopor p — crekTpaJibHbIi 11apa-
merp, a A < 0 — dbukcupoBanusiii, To mo Teopeme ['manbepra — IlIMmuara cucrema
COOCTBEHHBIX 3JIEMEHTOB 0bpa3yer opTOHOpMHUpOBaHHLIA Oasuc B H1 = H © Hy. Ec-
Jm A — crnekrpaJibibiit napamerp, Rey < 0, nojsiydaem cjabo BO3MYIIEHHBIN TyY0K
Kpeitna. meercst nmosiHoTa, acMMITOTHKA COOCTBEHHBIX 3HAUYeHU 1 6asuc 110 Abesro
— Jlmnckomy. Ecimm p — criekrpasbubiii napamerp, ReA < 0, To mosydaem ciaboe BO3-
MyIIieHue orneparopa By, 0JHYy KOHEYHYIO BETBb CIEKTpa, OEryIy K oo u 0a3uc 1o
Abesio — JInjgckomy.

Tax>Ke M3yueHbl HAUYAJIbLHO — KpPaeBble 3aJaUi MaTeMaTUIecKoil (hU3UKHU, TOPOXK,1a-
Iolue 3a/1a9K conpsikenus. [loyuennl TeopeMbl O CYIECTBOBAHUK U €IMHCTBEHHOCTH
CUJILHOTO PEITeHNsT CO 3HAYEHWSIMHI B COOTBETCTBYIOIIEM TMJILOEPTOBOM MPOCTPAHCTRE.
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A.B. Pacynos (HIY "M3U Mocksa, Poccus),
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3AJTAYA TUIIA TNJIBBEPTA JIJId YPABHEHUY
KOIIIN-PUMAHA C OJHOI CNJIBHOII OCOBON TOYKO! B
MJIAJIIITEM KOS®PUITUEHTE

[Tycrs obsacts G copepkut 104Ky z = 0 M OrpaHMueHa HPOCTHIM IIaJIKUM KOHTYPOM
OG, OpUEHTUPOBAHHBIM MPOTUB YaCOBOil cTpeiku. YmobHo mojoxkuth Gy = G\ {0},
G. = GN{|z| > e} ¢ manbim € > 0 u nycTh Jijist KPATKOCTH

pz) =2z n> 1 pu(z) = [2]", 0<m < 1.

B obnactu Gy paccmorpum ypapaenue Korn—-PuMana ¢ cHHTYIsIpHBIME KO3 DUIn-
eHTaMU CJIeYIOIIero Bujia:

Uz — Cut ﬁﬂ = f,
P P1
riae 20 = 0, +i0,, a,b € C(G) u npasoit uactvio f € LP(G), rae u p > 2.
Ioz ero pemtennem nonnmaercs bynkius u € C(G) N CHGy), nomyckaromas 0606-
IMEHHYI0 TPOM3BOIHYO 10 Z u3 Kiacca LF(G) st mroboro € > 0.
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OcHoBHag 11€J1b pabOThl — IIOCTPOUTH IIPEJICTaBJICHIE ODINEro pelleHus STOr0 ypab-
HEHUsT U UCIIOJIHL30BATH 9TO PEIEHUsT JJIst TOCTAHOBKY U MCCJIEIOBAHNST KPAEBBIX 3a,1a91
tuna ['nisbepra.

F. Razavinia (Moscow, Russia)
f.razavinia@phystech.edu

WEAK FADDEEV-TAKHTAJAN-VOLKOV ALGEBRAS

In this article we will try to construct a new Poisson bracket on our simplest example
sly and then we will try to give a universal construction based on our universal variables
and then will try to construct lattice W5 algebras which will play a key role in our other
constructions on lattice W3 algebras and finally we will try to find the only non trivial
dependent generator of our lattice W, algebras and so on for lattice W,, algebras.

Definition 1. Let us define our lattice W-algebra based on its generators according
o 2] [1;

Generators of lattice W-algebra associated with simple Lie algebra g constitute the
functional basis of the space of invariants

i i= vy, o, (Co[ X' € Z)
with additional requirements Hyji(1;) = 0 and Dyi(r3) = 0. For DE?J)Z -
{SXijiaTl[”' 7X17X27X37"’]} and

37—1[”' 7X17X27X37”']
HXlgz = ZXZ

0X;

and SXiji the screening operators.

Main result 1. Lattice W,, algebra; main generator;
Here for sl,, we skip to write down all steps which we have done in previous sections
and just will write down our main generator of the lattice W, algebra.
The functional dependent nontrivial solution for the whole system of first order partial
differential equations will be as what comes in follow:

1 2 n—1 1 2 n—1
( S >) ( > acgilxg;l-.-x;lzl)
(n) _ .

1<, <igee <, 1 <2

xél) . x;”—l) ( D 1’511)35522) .. x@(:f))

1< <<y, 1 <3

REFERENCES
1. Razavinia F. Local coordinate systems on quantum flag manifolds. arXiv preprint arXiv:1610.09443 (2016).
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E.N. Ryzhov (Volgograd,Russia)
rzhvt@mail.ru

DESIGNING OF UNIFORMLY ATTRACTIVE SETS OF DYNAMICAL
SYSTEMS

The paper proposes a method of designing of simply connected compact surfaces
having a uniform attraction for the orbits of differentiable actions of the additive group
of real numbers. The results of the paper are based on the theory of stability of invariant
sets [1-3]. Consider a set of linear combinations on the domain D", € (x, p) = (%) +
1€ap(x, 1), x € D* . D" C R", p € R,&4(x) and one-parameter set of field £,5(x, 1),
so that field on gaﬁ(x, 1) defines a differentiable action of the additive group of real
numbers; fields &,5(x, u) satisfy the equation:

Z Eapi(%, 11)0x,Pa(X) — ©3(x)pa(x) + pps(x) = 0,

for € I.(0)\{0}, va, 3 — some twice continuously differentiable functions, 3. (0)-
some zero neighborhood of the mapping image ¢, g : D" = R. The main results of
the method are formulated in the following statement.

Theorem. Let a function @, (x) be positively defined invariant of the group gga,
©p(x)— sign- definite function. Then there exists a point py € I(0)\{0} such that
the set of mappings gé(&uo) is a group of diffeomorphisms of some compact domain G
bounded by the surface homeomorphic to the sphere S™~' with the properties: gg( Mo)ﬁG =

0G, orbxy C intG Vx( € intG, orbxy = {X € intG|x = gé(xvﬂo)xo, t € R}, where

intG - interior of the domain G,orbxg— orbit of the point xo. Moreover if pg(x) is
negatively defined on G, then the boundary OG contains a uniformly attracting set for
the orbits starting in the domain G; if pg(x) is positively defined, then the boundary
OG is the boundary of the domain G of uniform attraction of the vector field £(x, o)
2ero.

The main results of the method are illustrated by a numerical simulation.

REFERENCES
1.Zubov V. I. Stability motion. M.:High School. 1973.
2. Grigoryeva O. E., Ryzhov E. N. Feed-back Control Stabilisation of Oscillations in the Sphere Neighbourhood// Stability
and Control Processes: Proceedings of the International Conference in memory of V.I. Zubov, 2005, pp. 1347-1352.
3.Gorobtzov A.S., Grigoryeva O. E., Ryzhov E. N. Attracting Ellipsoids and Synthesis of Oscillatory Regimes. Automation
and Remote Control. 2009. Vol. 70, No. 8, pp. 1301-1308.
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JI. B. Caxaposa (Pocros-na-/lony, Poccus)
L Sakharova@mail.ru

NCCJIEJJOBAHUE HEJIMHEVMHOM YCTOMYNBOCTU PEIIIEHU
3AJIAYN TEILJIOBOV KOHBEKIINU JIJI1d UCIIAPEHU Y KAILJIN
KMIKOCTHU

PaccmoTrpena menuneiinas yCcTOWYMBOCTDL peNIeHHs KPaeBOM 3aJiadu, IPeJICTaBJIsI-
[oIIeit coboit MOJIesTh BBICHIXaHWST TOHKOTO CJIOsI HEBSI3KO, HeTeMIepaTypOorpOBOIHOI
x)ujikoctr. Pacemarpusarorest: 1) cranjaprabie obespazmepentblie ypasaenns Obepbeka-
Byccunecka, a Tak»ke ypaBHEHHE JIJIsI [IACCUBHON MPUMECH JIJIs CJIyUast «IIPOTSXKEHHON»
karuin |1, (byHKIMN He 3aBUCAT OT TEPEMEHHO ¥ ):

divv = 0; v+v-Vo==-Vqg+ulAv+ (5,0 — f.c) k (1)
O;+v-VO = JA06; ¢t +v-Ve=D.Ac; (2)

rie v = (u,w), ©, q, ¢ — obe3paszMepeHHble MoJie CKOPOCTell, MPUBEJIEHHAsT TeMIIepa-
Typa, KOHBEKTUBHOE JaBJIeHNE, KOHIEHTPAIUS TBEPAOi npumecn; (i, Bo, 0, D¢, Be —
KUHEMAaTHIECKas BI3KOCTh, KOA(MDMUIMEHT TeMIIepaTyPHOIrO paclIMpeHns, TeMIepaTy-
POIIPOBOJIHOCTb, KO3 duimenTsl 1udHy3un IpuMecd U KOHIICHTPAIMOHHOTO CXKATHUS;
2) KpaeBble yCJIOBHs Ha IpaHuIle JiByxX(ha3zHoro KOHTaKTa »KHJIKOCTh-TBEPIOEe OCHOBA-
nue: v =0, © = 0; 3) kpaesble yciioBus Ha rpanuie z = h(x) aByxdasHoro KoOHTaKTa
YKUJKOCTB-TIAP, COOTBETCTBYIOIINE YCIOBUIO SHEPIETUIECKOro HajaHca, a TaKXKe YCI0-
BHsAM OaslaHca HOPMAJIbHBIX M KACATEIbHBIX HATPSYKEHUl Ha TpaHUIe KOHTaKTa [2|:

T+ (E* D207 P = (0,h, — T) (1 + h2) ", (3)

~1,5E° D7 2 4 g — 2 (w(h? — 1) — hy(u. +w,)) (L+42) " =
= —35(1 — COhy, (1+12) " (4)
(s + wy) (1 — h2) = duzhy = —2M P~ (O, + ©.h,) (1+ h2)", (5)

rje J — MOTOK mMenapsomeiics x)ujaKocTu depes nosepxuocts, K, D, L, S, C, M, P
— mapamerpbl. 3ajada (1)— (5) ucciemoBana Ha yCTORUHBOCTD, PACCMOTPEHBI CJTydan
PABHOBECHOI'O U KBA3UPABHOBECHOT'O UCIIAPEHUS IIPY PA3JIMUHLIX COOTHOIICHUSIX MEXK LY
apamMeTpaMu MOJIEJIH.

JUTEPATVYPA
1. XKyxoe M. FO., Illupsesa E. B., IToasxosea H. M. MonesupoBanue uctiapenus Kaim xkuakocru: MoHorpadwus. FOxubrit
denepapubiil yauBepcuTet. — PocroB-ua-/lony: zmarenscrBo HOxuoro demepanbroro yuusepcurera, 2015.
2. Burelbach J. P., Bankoff S. G., Davis S. H. Nonlinear stability of evapo- rating/condensing liquid films. J. Fluid Mech.
1988. Vol. 195, pp. 463-494.
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Nikita N. Senik (St. Petersburg, Russia)
nnsenik@gmail.com ON HOMOGENIZATION FOR LOCALLY

PERIODIC STRONGLY ELLIPTIC OPERATORS

In homogenization theory, one is interested in studying asymptotic properties of
solutions to differential equations with rapidly oscillating coefficients. In this talk, we
consider such a problem for a matrix strongly elliptic operator A° = — div A(x, x/¢)V,
where A is Lipschitz in the first variable and periodic in the second. We do not require
that A* = A, so A® need not be self-adjoint. It is well known that the resolvent
(A® — p)~! converges, in some sense, as € tends to 0. Here, we will discuss results
regarding convergence in the uniform operator topology on Ly(R?)", the strongest type
of operator convergence. We present two terms in the approximation for (A° — u)™}
and a first term in the approximation for V(A® — p)~!. Particular attention will be
paid to the rates of the approximations.

L.I. Serbina (CraBpomnoJs, Pocccus)
lserbina@mail.com

OB OJJHOM KPAEBOI 3AJAYE /14 HATPY2KEHHOTI'O
YPABHEHUA N EE ITPUMEHEHUN

OJIHUM M3 KJTacCOB KadeCTBEHHO HOBBIX 33Jiad, HE MMEIOIINX aHaJOroOB B MaTeMa-
TUYECKON (BU3MKe, ABJIAIOTCS KpaeBble 3ajJadu s JuddepeHnajbHbIX yYpaBHEHUIIC
JACTHBIMY TTPOU3BOAHBIMU ¢ HEJIOKAJIHHBIMU KpaeBbIMU ycyioBusiMu. Ocobbiii mHTEpEC
CpeJiu HeJIOKAJIbHbIX 3a/lad [PEJICTaBIIAI0T 3a/auu Jijisd guddepeHinaibHbiX ypaBHe-
HUIl ¢ MHTErPaJbHBIMUA KPAEBBIMU YCJIOBUAMU.DTO OOBLICHUMO TE€M, UTO UMes BayKHOE
MPUKJIJIHOE 3HAUEHUe, OHM BMECTe C TeM TOPOXKJIAloT HOIBINoe KOJTMIECTBO BOIIPOCOB,
CBsI3aHHBIX C BOIPOCAMU UX pa3pernmMocTu. B pabore, B pamkax pereHusi mpobJieMbl
TEOPETUUECKOI'0 UCCJIEJI0BaHUs B 00JIACTU MaTeMaTUYeCKOI0 MOJIC/IMPOBAHUs HeJIMHEH-
HBIX MTPOIECCOB MTEPEHOca B BOJIOHACHIIIEHHBIX TIOPUCTBIX CPeJiax, JJs KOTOPBHIX XapaK-
TEPHO HaJM4Yue OCOOBIX, TaK HA3bIBAEMbIX aHOMAaJILHBIX PEXKUMOB, PACCMATPUBACTCSH
IIOCTAHOBKA HEJIOKAJbHOM KpaeBOi 3ajlauu JijIsi HAIPYKEHHOro JuddepeHnnaibHOIO
ypaBHeHUs Tapabosndeckoro Tuna. OTIMIuTeTbHON XapaKTEepUCTUKON pPacCMOTPEH-
HOI 3aJ1a9U U MOMCKA METO/a, ee Pellenns, IBIIeTC HAJNIne HeJIOKAJIbHOTO KPaeBOro
ycsioBust tuma yeiaoust CaMapcKoro, KOTopoe He MO3BOJISIeT HEeMOCPEJICTBEHHO MPUMe-
HSTH JIJIs €€ Pa3peliuMOCTy U3BECTHbIE aHAJIUTUIECKUE METO/IbI.

JUTEPATYPA
1. Cepbuna JI. H. . Joxmamst Ansirckoii (epkecckoii) MexyHapoaHoii akamemun Hayk. 2014. Tom. 16, Ne. 1, cTp. 77-83.
2. Haxzywes A. M. Harpyxennbie quddepennuanpabie ypasuenusa u ux npumenenne.M: Hayka. 2012.
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E.B. Ceperuna®, M. A. Crenosu4’, A. M. Makapenkos’ (Kasyra, Poccus)
2evfs@yandex.ru, "m.stepovich@rambler.ru, "Tamm2005@rambler.ru

I[TPOEKITMOHHBIN METO/, TAJIEPKHA PEINIEHU A
CTAIINMOHAPHOTI'O /IN®PEPEHIITNAJIBHOTI'O YPABHEHUN A
AN®DPY3NN B ITIOJTYBECKOHEUHOI OBJIACTHA

Panee [1, 2] namu 6b10 1pOBEJIEHO 0GOCHOBAHUE U PACCMOTPEH BOIPOC BbIUUC/IK-
TEJILHOW yCTOMYMBOCTU MOJU(PUIMPOBAHHON HPOEKIMOHHONW CXEMbl METOJ[a HAUMEHb-
X KBAJIPATOB JIJII MOJIEJIMPOBAHUS OJJHOMEPHOTO Iporiecca Tuddy3nn B moyOecKo-
HeuHo# obsacTu. MojesbHbie PACYETH ObLIM TPOBEIEHBI JIJIST PACIIPE/IeJICHUsT HEOCHOB-
HBbIX HOCHUTEJIEH 3apsijia, FreHePUPOBAHHBIX B TIOJIYTPOBOJHUKOBOM MaTepUaJie MHPOKIM
9JEKTPOHHBIM Ty IKOM.

B nacrosiieit pabore Ha IpuMepe TPEXMEPHOTo ypaBHeHus 1uddy3un paccMoTpe-
Hbl BO3MOXXHOCTHU MCIIOJIb30BaHUs MMPOEKIIMOHHOTO MeTojia [ajiepkuHa Jijisi perieHus
CTAIlMOHAPHOI'O YpaBHEHUS TelljloMaccoliepenoca B rnoJjiybeckoneunoit objiactu. Mexos-
Has 3aj[a4da pelieHa B IMUJINHIPUYIECKON crucTeMe KOOP/IMHAT, pellleHne HailJleHo B BUJIE
JACTUIHON cyMMBbI JBOiTHOTO psijia Pyphe 1o cucreme MoanduUIMPOBAHHBIX (DYHKITHIT
Jlareppa. YcraHoBjieHa CXOJMMOCTb HEBSA3KU, COOTBETCTBYIOIIEH MPUOJIUKEHHOMY Pe-
IIEHUIO CTAIlMOHAPHOTO ypaBHeHus qud dy3un. IIpuBenenbl pe3yabraThl pacieToB Js
JIBYMEpHOIl MOJEJILHON 3a/1a49u.

UccneioBanus 1npoBejieHbl PU YacTUIHON (pUHAHCOBOI Mojjiepkke Poccuiickoro
dbonjia GyHpamenTaababix uccsepobanuii (mpoekt Ne 16-03-00515), a rakke POOU
¥ mpaBuTeSheTBA Kasmyxckoit obmactu (mpoekt Ne 14-42-03062).

JUTEPATVYPA

1. Cepeeuna E. B., Cmenosuy M. A., Maxapenxos A. M. O MmomudunmpoBaHHON TPOEKITUOHHON CXeMe MEeTO0/1a HAMMEHbIINX
KBQIPATOB /I MOJEINPOBAHNS PACIPeIeeHNs] HEOCHOBHBIX HOCUTEeH 3apsiaa, TeHePUPOBAHHBIX YJIEKTPOHHBIM IIYYKOM B OfI-
HOPOJIHOM TIOJIyIIPOBOJIHUKOBOM MaTrepuaJie. IloBepxHocTs. PeHTreHOBCKIE, CHHXPOTPOHHBIE U HEATPOHHBIE nccaenoBanus. 2013.
Ne 11, cTp. 65-69.

2. Cepezuna E. B., Cmenosuw M. A., Maxapenxos A. M. MonudunupoBannas IPOEKIIMOHHA CXEMa METO/a HAMMEHbIINUX
KBaJpaTOB [UIsT MOIEIMPOBAHMUS KOHIIEHTDAI[MN HEOCHOBHBIX HOCHUTENEH 3apsia B IMOJIYIPOBOJHMUKOBHIX MAaTEPHUAJIAX. YCIIEXH
npukaanaoit dusuku. 2013. Tom. 1, Ne 3, cTp. 354-358.

M. M. Cupaxynunos, C.II. TxxamanyauunoBa (Maxaukasa, Poccus)
sirazhmagomed@yandex.ru, dzh-saida2012@yandex.ru

O G-KOMITAKTHOCTU O/JIHOI'O KJIACCA SJIJINIITUYECKUNX
OITEPATOPOB BTOPOTO ITOPSAJIKA'

[Tycrs Wo(Q) — noampocrpancrso mpocrpanctsa Cobonena W2((Q) koMiiekcHo-
3HAUHBIX (DYHKIMI HaJL 110JieM JleficTBuresibibix yuces R. U nycrs A @ Wo(Q) — Lo(Q)

! PaBora somosmena npu dbunancosoit noagepxke POOU (T'pant Ne16-01-00508)
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0OpaTUMBIH SJIUIITHIECKHIIT OlIepaTop BTOPOro MOPSJIKa ¢ ITOCTOSTHHBIME KO3 dUImeH-
Tamn; () — OIHOCBsI3HAs 0OJACTH MJIOCKOCTH € TIaJKOi rpanuneii. PaccMorpum kiace
A(wy, v1; Q) oneparopos, jeitcrsyomux uz Wo(Q) B Lo(Q), Bujia

Au = 107 + 12070 + 13070 + 14020 + p507. 0 + ped- 1,

_ o1 ~ _ o-1 : - _
e 0z = 271 (D +iDy), 05 = 27 (D) — iDsy), © — mumumas epununa, D; = 0/0x;,
Jj = 1,2; koaddurmentst p; (j =1,...,6) — u3MepuMble KOMIUIEKCHO3HATHDIE (DYHK-
[[MU, TaKue 9TO B JIIOOOH TUIaJIKO# OHOCBsI3HOW mo00aacT ()1 C () MMEIT MeCcTo
HEPABEHCTBA:

Re [ AuAvds <o (Re / Aum,) Ay,

|\Au||%2(Q1) < v Re / AuAu dz, u, v € Wo(Q1),

1

rie vy, 1 > 0 — puKcupoBaHHble MOCTOSHHDIE.
JIo6oit onepatop A : Wy(Q) — Lo(Q)) obpaTuM u UMEIOT MECTO OIECHKH

Mollullwzg,) < 1Aul| Ly, < Millullwzg,), Yu € Wo(Q1),

rie Ag, A1 > 0 — KOHCTaHTBI, 3aBUCSIIUIE TOJBKO OT 1, .

Onpenesienne. Crasicem, wmo nocaedosamenvrocms onepamopos { A} C A(vy, v1; Q)
G-cxodumcesa 6 obaacmu @, ecau umeem Mecmo caabas crodumocmy A,;l — A7 20e
Ae A(VO.Vl; Q)

Teopema. Kaacc A(vy.vy; Q) G-komnarmen.

AHaJOTHUHBII PE3yJIbTAT JIJIsE ONEPATOPOB MEPBOro TMOpsiIKa ObL moJydeH B [1].

JUTEPATVYPA
1. Cupasicydunoe M. M. O G-KOMIAKTHOCTH OJHOTO KJIACCA JUIMNTHIECKUX CHCTeM mepBoro mopsiaka. Jdudd.yp. 1990.
Tom. 26, Ne. 2, cTp. 298-305.

C.M. Curnuk (Boponex)
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OIIEPATOPDI ITPEOBPASOBAHUA — NCTOPUA U
COBPEMEHHBIE PE3VYJ/IBTATBI

B joksajie w3saraercst KpaTkasi HCTOPHST METO/ia OIepaTopoB Mpeodpa3oBaHusi, KO-
TOPBIIl UMeeT MHOIMOUYHUCICHHBIE TPUJIOXKEHHS B TudhepeHInaabHbIX YPaBHEHUSIX, T€O-
pun GyHKIUNE 1 PYHKIMOHAJIBHOM aHaJHM3e, JPOOHOM MCUMUCJICHUH, B 3a/laUaX, CBA3aH-
HBIX CO CIENNaJbHBIMU (DYHKIIMSMHU W WHTEIPAJLHBIMI TPEOOPA3OBAHUSIMHE, TPIIOIKE-
HUSIMU K TEOPUM PACCesiHMsi U OOpaTHBIM 3ajadaM, ToMorpaduu u 1npeodpasoBaHUIO
Pajiona, a Takxke psiay JPYIUX ITPUIOXKEHUIA.
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A.M. Cronsgp (Pocros-na-/lony, Poccust)
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HEJIMHEVHBINI AHAJIN3 HAYAJIBHO-KPAEBBIX 3AJTAY
TEOPUN IIJIACTUH N OBOJIOYEK

B pabore paccmaTpuBaeTcs MUPOKUN KJTace 3a/1ad JUHAMUKY YITPYTOTIaCTHIeCKUX
IUJIMHJIPUYECKUX TaHe el /iiactud u cepruieckux 000JI09eK; MPOBOJUTCH UHTErPH-
poBaHue HeJIMHEHHbIX YpaBHEHU I MaTeMaTuiecKOi (pU3nKu, ONUChIBAIOIINX KOJIeOaHMsI
000JIOUEK KaK JIJIsT C2KUMAeMOTO, TaK W JJIT HeCXKUMaeMoro MarepuaJa. MaremaTnye-
CKas MOJIeJTb 000JIOUKHU COJEPXKUT, IOMUMO ypaBHEHWH JIBUKEHWs, HA9aJbHBIX U I'Da-
HUYHBIX YCJIOBUH, TaK Ha3bIBaeMble OIPEJICJISIONMe COOTHOIICHNW A, yCTaHaBINBaolIe
CBA3D MEXKJTY HAMPSKEHUAMI 1 JepOpMAIusIMA B CIydae YIeTa MIaCTUIeCKUX CBOMCTB
MaTepuaja. PazpaboTanbl aJropuTMbl YUCJIEHHOTO HHTETPUPOBAHUS ypaBHEHWI MaTe-
MaTUUIeCKOI Mojiesin. BBoguTCs NoHSATHE «yHUBEPCAJbHON KPUBOM» 3aBUCUMOCTHU MEXK-
JIy MHTEHCUBHOCTsIMU HalpsixkeHuit u jiecpopmarnuii [1]. JIsuzkenue uzobpaxkaroieit To4-
KU TI0 JJAHHOM KPUBOI OTparkaeT MPOoIece YIPYromIacTUuIecKOTro 1ehopMIpPOBaHUS dJ1e-
MeHTa 00OJIOUKHU B KaXKJIblii MOMEHT BpeMeHH. [[Jis y4éTa MIacTUIecKuX CBONCTB Ma-
TepuaJsia MPUMEHSIOTCS MOJIMPUIIMPOBAHHbBIE COOTHOIIEHUS JIepOPMAlMOHHON Teopun
lenkn—Hajgan—npommna. AJirOpuTMbl YUCJIEHHOIO KHTEIPUPOBAHUS YUUTHIBAIOT BO3-
MOYKHOCTH HEOJTHOKPATHOTO YIIPOUHEHUs MaTepHuaJsia 3JieMeHTa 0OO0JIOUKH Mocje Mpe/l-
IecTByoIIel pasrpy3ku. [IpuBogsTes pe3ysibTaThl YNCJIEHHBIX PACUeTOB KOJIeOaHUi 1
JIMHAMUYECKOT'O TIPOIIEJIKMBAHUS IUJIMHJIPUIECKUX TTaHe Iell, apoK U chepruieckux 000~
JIOUEK U UX CpaBHEHUE C pe3yJbTaTaMi JPYIUX aBTOPOB, MOJYYEHHBIX C IIPUMEHEHNEM
PA3JIMIHBIX BAPUAHTOB TEOPUHU TedeHus. Kpome 3Toro, YucjieHHo MOATBEPK TATCA Pe-
3y/abTaT (ACHMITOTHIECKOTO HHTErPUPOBaHHs) O TIPEJETHHOM TIepexojie OT ypaBHEeHM il
KOJIeOaHUM y3KUX yHPYIUX HUJIMHJPUYECKUX TaHesell cO CBOOOJIHBIMU 11POJI0JIbHBIMU
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I'PAHUIIAMEI K COOTBETCTBYIONTUM YpPaBHEHOUAM apKW U B CJIydae YIpyromiacTuIecKoit
obostouku [1].

Algorithms of numerical integration have been developed and applied to the problems
of elastic-plastic shells oscillations and dynamical buckling. The results of numerical
analysis have been considered.

AUTEPATYPA

1. Cmoasp A. M. TloBenenue y3kux maneseii u chepudeckux 060JI09€K B YCJIOBUAX CTATUIECKOIO U JUHAMUYECKOTO HATIPY-
KeHusd. ACUMITOTHYeCKU U Juc/IeHHbid ananmu3. Pocros-na-Tony: U3x. FODY. 2014.

M. A. Cymbarsau, 1. A. Bepaauk (FO®Y, Pocros-ua-/lony, Poccus)
sumbat@math.sfedu.ru

I'PAHNYHOE MHTETPAJIBHOE YPABHEHUE /1J14
APPOIMHAMMYECKOTI'O IIPO®NJIA C OCTPOU 3A/THEN
KPOMKOW, OBECIIEUNBAIOIIIEE YCJIOBUE
KYTTA-2 KYKOBCKOT'O

ajaua 00TEeKaHUsT KPBLJIOBOTO TMPOMUIIST TOTOKOM WJI€aJhHON HECXKMMAEMON YK /I-
KOCTH MOXKET ObITh CBEJIEHA K I'DAHMYHOMY UHTErpajbHOMy ypashenuto (I'IY) oruo-
CUTEJIbHO HOPMAaJIbHON MPOU3BOHON (DYHKIIMKM TOKA 1 Ha I'PAHMIHOM KOHType £ Hmpo-
st

0
/ g/;(by) (I)(xay)dfy = Vo2, Tr = (.Tl,ﬁlfg) € 67 Yy = (y17y2)7 (1)
y
0
rie ¢(x,y) = —In |x—y|/(27) — aBymepras dyukius ['puna misg oneparopa Jlamaca,

Uy — CKOPOCTh Haberaloiero 1moToka BJiOJb OCH 1.

Ob6braHO 1poduiib 00JIaLAeT OCTPOI 3a/iHell KPOMKOM, KOTOPas J0J2KHA 00eciedn-
BaTh CXOJI ¢ Hee MOTOKa. MareMaTndecKn 3TO BhlparkaeTcs rurnore3oit Kyrra-2KykoBckoro
(K-2K), yrBepxgatormeii, 970 B OKPECTHOCTH TOW KPOMKH pererue ypapHerus (1)
JIOJIZKHO OCTaBaThCsi OrpaHuIeHHbIM. MexKIy Tem, NnpsMoe 9ruC/IeHHOE PeleHre ypaB-
nernust (1) ynosaersopsier runorese K-2K sumis yist cummerpuansix mpodueit. Muoro-
YUCJEHHBIE PACUETHI IIOKA3BIBAIOT, UTO JI/Isi HECUMMETPUUHOIO HPOQUIT KPUTUIECKAS
TOYKa HUKOTJIa HE BBIXOJUT Ha OCTPYIO KPOMKY, 4TO Hapyliaer ycjaopue K-2K.

B pannoit pabore npejraraeTcsi MeTol, KOTOPBIH TO3BOJISIET TTPEOI0JIETh 3Ty TPY/I-
HOCTb. B moTox jobaBjsieTcss BUXpb 3apaHee HeU3BECTHOH MHTEHCUBHOCTHU C IIEHTPOM,
PACIIOJIOKEHHBIM BHYTPU KOHTYPa (JIJIsT UCKJTIOUCeHHsT OCOOCHHOCTEH PEIIeHns] BHE KOH-
Typa £). [Ipu srom BMecto (1) umeem ypaBHenue

/ W) )ty = vors + Aln(a? +43), 2 et 2)
1Yy
¢
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ryie A - Hen3BecTHasl KOHCTAHTA, CBsI3aHHAsT ¢ MHTEHCUBHOCTHIO BUXps. Pemienne ypas-
nenns (2) 3aBucuT or KOHCTAHTH A, KoTopas HaxomuTces u3 yeiaosust K-2K 06 orpamu-
YEHHOCTHU PEIIeHUst Ha, OCTPON KPOMKE.

Pabora Boimosaena B pamkax [oczananus Muno6puayku PO, npoexr 9.5794.2017/BY.

T. A. Suslina (St. Petersburg, Russia)
t.suslina@spbu.ru

HOMOGENIZATION OF HIGHER-ORDER ELLIPTIC EQUATIONS
WITH PERIODIC COEFFICIENTS

In Ly(RY% C"), we consider a selfadjoint strongly elliptic operator
A: =b(D)"g(x/e)b(D), e > 0.

Here g(x) is a periodic bounded and positive definite matrix-valued function, (D) is a
matrix differential operator of order p. It is assumed that the symbol b(€) has maximal
rank. We study the behavior of the resolvent (A, — ¢I)™1, where ¢ = [(|e"¥ € C\ Ry,
for small e. In [1], it was proved that

1(As — <D™ = (A° = CI) 7Y pyeay s Lo(rey < Chlp)el¢| 7122, (1)
(A = ¢I)™H = (A% = )7 = €K (5 Ol 1y Rty 1o (RY)
< Colp)e(|¢) 72 4 g 22, (2)

for 0 < & < 1. Here A’ = b(D)*¢"b(D) is the effective operator and K(g;() is a
corrector (note that ||K(g;()||z,m» = O(e7?)). Estimates (1) and (2) are order-sharp
for small €.

Now, let © C R? be a bounded domain of class C?”. By Ap . we denote the operator
in Ly(O; C") given by b(D)*g(x/¢)b(D) with the Dirichlet boundary condition. In |2],
the following error estimates are proved for 0 < ¢ < g¢ (g¢ is sufficiently small) and

[(Ape — ¢ = (A — CI) M 1a0)— a0y < Calp)e| ¢, (3)
1(Ape — ¢I) " = (AD — ¢I) " = & Kp(e; Ol ny0)» mr(0)
< Cu(ep) (e2|¢| M4 4 gP). (4)

Here AY, is the effective operator and Kp(g; €) is the corresponding corrector. Estimate
(3) is order-sharp for small €. The order of estimate (4) is worse than the order of (2)
because of the boundary layer effect.
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The constants Cj(p), j = 1,...,4, are uniformly bounded in any sector ¢y < ¢ <
21 — o with ¢ > 0. The analogs of (3), (4) for € C\ R, |(] < 1, are also obtained

(with different dependence on ().

REFERENCES
1. Kukushkin A. A., Suslina T. A. Homogenization of high-order elliptic operators with periodic coefficients. Algebra i Analiz.
2016. Vol. 28, No. 1, pp. 89-149.
2. Suslina T. A. Homogenization of the Dirichlet problem for higher-order elliptic equations with periodic coefficients. Algebra
i Analiz. 2017. Vol. 29, No. 2, pp. 139-192.

E. V. Tyurikov (Rostov-on-Don)
etyurikov@hotmail.com

SOME NEW RESULTS ON THE MEMBRANE THEORY OF CONVEX
SHELLS

The systematic application of methods of complex analysis to study primary objective
of the general (moment) theory of shallow shells was laid in the works of I. N. Vekua.
The task of building a membrane theory of convex shells with piecewise smooth edge
(i. e., with piecewise smooth boundary to its medial surface) was made by A. L. Golden-
veizer [1]. Significant progress in this direction is connected with the fundamental work
of I. N. Vekua [2], which developed a general method for the study of common problems
of the membrane theory of convex shells of arbitrary shape with a smooth edge and
any number of holes. Defining fact here is that momentless stressed equilibrium state
of the shell is completely determined by the solution of Riemann—Hilbert with Gilderoy
coefficient boundary conditions for generalized analytic functions. However, the tasks
for a membrane with piecewise smooth edge provided by A.L. Goldenveizer no longer
fit into the framework of the mathematical part of the theory of I. N. Vekua. Its further
development in the author’s works [3] with application to problems of the theory of
infinitesimal bending leads to the necessity of such formulation of a boundary problem,
which would take into account the specificity of the stress equilibrium provided the
concentration of stresses at corner points. Such a formulation is given for the shell with
middle surface connected with the use of special boundary conditions of the Riemann—
Hilbert problem, which allows to give a transparent geometric interpretation of the
stress state of equilibrium provided the concentration of stresses at corner points, and
also «to compares the different states of equilibrium. This approach combined with
technique [3] allows to formulate a criterion for the correctness of the task. The class

of shells for which the task is quasicorrect has been allocated.

REFERENCES
1. Goldenveizer A. L. The Theory of Elastic Thin Shells. Moscow: Nauka. 1976.
2. Vekua I. N. Generalized Analytic Functions. Moscow: Fizmatgiz. 1959.
3. Tyurikov E. V. Geometric Analogue of the Vekua—Goldenveizer Problem // Doklady Mathematics. 2009. Vol. 79, No 1.
pp. 83-86.
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FO. A. XazoBa (Cumdepomnoss, Poccus)
hazova.yuliya@hotmail.com

PEITNTEHUE TUTIA BETVYIIEN BOJTHBI B TTAPABOJIMYECKOT
3AJIAYE

Ha okpyzknoctu paccMmarpuBaeTcs napabosmdeckas 3ajiada ¢ mpeodpa3zoBaHueM 1o-
BOPOTA

1
v+ Lv = Aé - QP (1)

rie L = L(D) = 1— DA + AQ, oneparop Qu(z,t) = v(x + 2{,75) C YCJOBUSIMU Ha
okpyxuoctr v(x,t) = v(x + 2m,t).

Juisi HaxoxK ieHust petienunii ypasienust (1) crpouTest raJlepKUHCKast alllPOKCUMALUs
B BHJIE

N N
v = Z 2 exp(ikx) + Z 21, exp(—ikx),

KOTOpasi MPUBOJUT ypaBHeHue (1) K cucreme

o 2= Mzt gk(2,2),
zk - )\k‘zk‘ + gk‘(zaz)a k= 17N7

rie Ap = —1 — k2D — Aexp(ik%), Ay = =1 — k2D — Aexp(—ik3).

[Ipu ymenbliiennn napamerpa D u ero nmpoxojie 4epes Kpurudeckoe sHadenune D
Takoe 19T0 Re(A1(D*)) = 0 nynesoe permenne (1) TepseT yeToianBOCTh KOIEOATETHHBIM
obpasom. B pesysbrare ot Hysmesoro peiienus (1) OTBETBISIETCS TEPUOTUICCKOE TIO ¢
periierue Tria Geryei BOJIHBI.

B paborax [1,2] ucciegoBaiuch perienusi ypasuenust (1) ¢ npeobpazoBaHueM oTpa-
xkerus Qu(x,t) =v(m — x,t).

JUTEPATVYPA
1. Xasosa FO. A. CranuonapHble CTPYKTYpPbI B apaboIndecKoil 3a1ade ¢ OTpaXKEHUEM IPOCTPAHCTBEHHON IiepeMeHHOR //
TaBpuueckuii Becrauk uudopmaruku u maremaruku. 2015. T. 28. Ne 3 C. 82-95.
2. Xasosa FO. A. CranmoHapHble CTPYKTYDHI B HMapaboaMvIecKoil 3a7ade ¢ OTPasKeHNeM MPOCTPAHCTBEHHO IepeMeHHoi //
AxTyanpbHbIe HaTIpaBJIeHUs HAY9HBIX UCCaenoBanmii X X1 Beka: Teopus m mpaktuka. 2015. Ne 8-4 (19-4). C. 314-317.

S. A. Khoury (Sharjah, UAE)
skhoury@aus.edu

SOLUTION OF STOKES FLOW PROBLEMS THAT ARE MODELED
BY THE BIHARMONIC EQUATION: A BIORTHOGONALITY
CONDITION APPROACH

In this talk, an approach is presented and described for the solution of a class of
partial differential equations that model creeping viscous incompressible flow through
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cavities that arise in fluid dynamics (see [1] and [2| and the references therein). Such
flows are modeled by the biharmomic equation. The strategy leads to the development
of a class of biorthogonality conditions and an algorithm for the computation of the
coefficients in the eigenfunction expansion. Properties of solutions of the biharmonic
equation as well as the more general polyharmonic equation are explored. Numerical
experiments will be reported to confirm the validity and applicability of the proposed
strategy.

REFERENCES
1. Khuri S. A. and Wang C. Y. Stokes flow around a bend. Quarterly of Applied Mathematics. 1997. Vol. 55, No. 3, pp. 573—
600.
2. Khuri S. A. Biorthogonal series solution of Stokes flow problems in sectorial regions. 1996. Vol. 56, No. 1, pp. 19-39.

M. M. Kabardov , B. A. Plamenevskii, O. V. Sarafanov, N. M. Sharkova
(Saint-Petersburg, Russia)
kabardov@bk.ru, boris.plamen@gmail.com, oleg.saraf@gmail.com,
n-sharkova@yandex.ru

ASYMPTOTIC AND NUMERICAL STUDY OF TWO CHANNEL
RESONANT TUNNELING OF ELECTRONS IN TWO-DIMENSIONAL
QUANTUM WAVEGUIDES

The waveguide coincides with a strip having two narrows of width €. The electron
wavefunction satisfies the Dirichlet boundary value problem for the Helmholtz equation.
The part of the waveguide between the narrows acts as a resonator and there may arise
conditions for electron resonant tunneling. We use the asymptotic formulas (|1] and
2]) for the wavefunction and the transmission and reflection coefficients as ¢ — 0. The
results of the asymptotics are compared with those of numerical computations of the
waveguide scattering matrix on the interval between the second and third thresholds.
This comparison allows to find the range of the parameter € where the asymptotic and
numerical approaches are consistent. Besides we discussed some threshold phenomenon

3].
REFERENCES
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E. L. Shishkina (Voronezh, Russia)
ilina_ dico@mail.ru
SINGULAR CAUCHY PROBLEM FOR THE B-HYPERBOLIC
EQUATION

Let Rf={z=(xy,...,2,) € Ry, ©1>0,...,2,>0}, v=(71,...,7) is a multi-index
consisting of the fixed positive numbers ; > 0, i=1, ...,n and |y|=71+. . .4+7n.
Following [1] we will solve the singular Cauchy problem for the equation
0% oy 0v 0% kv

252 " wmom oe o T )

with the initials conditions

ov
pr— i k— pr—
v(x,0) =0, %1_{%15 5 o(z). (2)

Let ¢ > 0 is the smallest positive integer number such that 2 — k +2¢ > n + |y — 1
then we have the formula for the solution of (1)-(2) for appropriate function ¢:

2

) (10y:
(1 — )P (520) 1 (k) <Z§> .

2

r (%) 212[1 I (=r (2_k+2q;”—lvl+1

v =

2—k+2q—n—|y|—1

« | ore / T ()1 [y T vy |

By (n)

n
where By (n)={yeR": > y? < 1} and "T% is multidimensional generalized translation

(see [2]). .

REFERENCES
1. Tersenov S. A. Introduction in the theory of equations degenerating on a boundary. USSR, Novosibirsk state university.
1973. (In Russian).
2. Lyakhov L. N., Polovinkin I. P., Shishkina E.L. Formulas for the Solution of the Cauchy Problem for a Singular Wave
Equation with Bessel Time Operator. Doklady Mathematics. 2014. Vol. 90, No. 3, pp. 737-742.

A. 4. dxy6os, 4. A. fky6os, (I'po3nsiii, Poccus)
JI.JA. HMankumBuau (Tounucu, I'py3us)
yakub@inbox.ru

ITPOBJIEMA YEBDBIIIIEBA Ob MHTEI'PAJIBHBIX
HEPABEHCTBAX
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Crarbu Yebbliesa [1] u [2] nocssiienbl u3y4eHnio CBORCTB JOMOJIHUTEILHOTO YJICHA
R,, B 0bobmennoit ¢popmysne [lapceBasis. B yactaoM ciaydae n = 1 YeObImmes nosryaut
OIEHKY BapUAIMOHHOIO XapakTepa

b b b b
/pdt/ pfgdt—/pfdt/ pgdt =q#0

YeObIIIeB yCTAHOBUII, UTO B KJIACCE MOHOTOHHBIX Ha OTpe3ke [a, b] dbyHkuuii, Besu-
qUHA ¢ COXPAHSET OJIMH U TOT YK€ 3HaK Ha BCeM OTpe3ke [a, b].

Drot pesyabrar Hebnimesa oOpaTns Ha cebst 0c000e BHUMAHWE MHOIUX YUEHBIX Ma-
TEMATUKOB KaK OT€UECTBEHHDBIX TaK U 3aPYyOEXKHDIX.

Bosaukia npobaema: "Omnucars Bce n3amepumble (GyHKINN, 3aaHHbIE Ha OTPE3KE
[a, b], myst KOTOpBIX cripaBeIuB pedysabTar ebbimesa'.

B s10it paboTre BBOISITCSI ClIeIUaIbHbIE KJIACChI HHTEIPAJIBLHO CHHXPOHHBIX (DYHKI[UIA,
B KOTOPBIX PE3YILTATHI UeObIIIeBa BLIMTOJIHAIOTCSI ¢ HEOOXOINMOCTDLIO.

Onpenesienne 1. Usmepumve dynrkuuu f,g, sadannvie na ompeske [a, b, 6ydem
HA3BIBAMH UHMELPAADHMU CUHTPOHHUMU Ha [a, b], ecau cywecmeyem wucao ¢ > 0
makoe, Ymo cnpasediuso CoOMHOULEHUE

/ / PO (E) — F()lg(t) — g(r)ldtdrq > 0

na ecex nodunmepsasar o, 5] € [a,b], a < a, 5 <b
2de p - Hexomopas 6ecosas PYHKUUA.
3aMeruM 3j1ecb, 4TO KJacc [S JlocTaTovHO MIMPOK, OH COJIEPXKUT KJiacchl Bapa K,

K, K.

JUTEPATVYPA
1. Yebwwes II. JI. O6 omHOM psifie, JOCTABJISIONIEM TTPEIEIbHBIE BEIMUYNHBI WHTErpaaoB. Omybamkosano B [Ipumokennn K
XLVII tomy Umm. Axan. Hayk Ned (1883) Co6p. cou. ILJI. YeGbnmena mom pea. A.A. Mapkosa w H.51. Commna tom II. CIIG.
1907, cTp. 405-417.
2. Yebvwes I1. JI. O npubIMKEHHBIX BRIPDAYKEHUSIX OJHUX WHTETPAJIOB Uepe3 Apyrue (B3sAThie B TeX ke mpeaenax). Omy6m-

KOBAHO B COOONIEHWSX W TPOTOKOJIAX 3aCEJaHUd MAT. 00mecTBa mpu XapbkKoBckoMm Vmm. Yams. I1(1882) cTp.93-98. Cobp. cou.
TI.JI. Yebbunesa mom pea. A.A. Mapkosa u W.91. Conun, Tom IT CII6 1907 crp. 716-719.
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Session IV

Hausdorft Operators and Related
Topics
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R. A. Bandaliyev (Baku, Azerbaijan)
bandaliyev.rovshan@math.ab.az

THE BOUNDEDNESS OF HAUSDORFF OPERATOR IN Lp SPACES
FORO<P<1

The investigation of Hausdorff operator can be traced back to 1917 by Hurwitz
and Silverman in [1] with summability of number series. Therefore Hausdorff operator
have become an essential part of modern harmonic analysis. In particular, the study of
Hausdorff operator has attracted resurgent attentions in recent years. The Hausdorff
operator has received extensive study in recent years, particularly its boundedness on
the Lebesgue space L, and the Hardy space H), (see [2|-|4]).

For a fixed function ¢ € L¥¢(0, 00) the one-dimensional Hausdorff operator is defined
in the integral form by

Remark 1. Many important operators of harmonic analysis are special cases of the

Hausdorff operator, by taking suitable choice of ¢. For example, the Hardy operator, the
adjoint Hardy operator, the Cesaro operator, the Hardy-Littlewood-Pdélya operator, the
Riemann- Liouwville fractional deriwatives and others can be derived from the Hausdorff
operator.

In this report we study the boundedness of Hausdorft operator in Lebesgue spaces L,
for 0 < p < 1. Moreover, we investigate boundedness of Hausdorff operator in variable
Lebesgue spaces.

This is joint work with Przemystaw Gorka.
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S. Tikhonov (ICREA, Spain)
tikhonov.work@gmail.com

OLD AND NEW RESULTS ON POLYNOMIAL INEQUALITIES

In this talk, we will discuss several basic polynomial inequalities (Bernstein, Remez,
Nikolskii). In particular, recent results on their interrelations as well as inequalities for
hyperbolic cross polynomials will be surveyed.



«Table of contents»
Probability-Analytical Models and Methods 126

Session V

Probability-Analytical Models and
Methods



«Table of contents»
Probability-Analytical Models and Methods 127

.M. Acanymmu (Yda, Poccus)
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O CIIOCOBE MOJAEJIMPOBAHUNSA JTNPPY3NMOHHBIX
ITPOIIECCOB C SABUCUMbIMU BUHEPOBCKINMUN
ITPOIIECCAMU B 3AJAYE PNJIBTPAIINN

st MmostenmupoBanus 3a7iauu pUAbTpaIun JuMO@PY3UOHHBIX MPOIECCOB € 3aBUCHMDbI-
MU BMHEPOBCKUMMU IPOIECCAMU HEOOXOMMO TOJYIUTh (CMOJEIMPOBATH) TPACKTOPUH
paccMarTupuBaeMbix B 3ajiade Ju@Py3uOHHbBIX [IPOLECCOB, KOTOPbIE SBJISIIOTCH pelle-
HUEM CUCTeMbl ypaBuenunii MTo:

dx(t) = bi(t,z(t),y(t))dt + o1(t, z(t), y(t))dW,,

dy(t) = bo(t, x(t), y(t))dt 4+ oa(t, y(t))d Ny,

rine Wy u N; — 3aBUCHMBIe BUHEPOBCKHE IPOIECChI, TAKNE qTo
t

= {Q(S)d& E(N?) = [ R(s)ds, E(WiN,) = fS

Mogpenuposanue Tpaekropuit x(t) u y(t) MOXKHO pa3,zLeﬂHTb Ha, JIBa 3Talla; MOJEJINPO-
BaHWE TPACKTOPUI 3aBUCUMbBIX BUHEPOBCKUX TTPOIECCOB W MOJIEIMPOBAHNE TPACKTOPHIt
T OY3MOHHBIX TTPOIECCOB € UCIOIH30BAHUEM TTOJTYIEHHBIX TPAEKTOPUl BUHEPOBCKUX
TPOIECCOB.

OkazbIBaeTcst, 9T0 TPACKTOPUN BUHEPOBCKUX 1porieccoB Wy u N; ¢ TpedyeMmbiMu 11a-
paMeTpaMu KOppPeJaupOBaHHOCTH MOXKHO nonquTb U3 TPACKTOPUi CTAHIAPTHHIX He3a-
BUCHMBIX BUHEPOBCKUX HpoueCCOB wy (t ) o cbopMyﬂaM

Ul(t) = wl(t)\/Q(t) \/ +Cl
= IUQ \/ + CQ
rje cbyHKLU/H/I Cy(t ) u Cg( ) — peLHeHI/IH CJICAYIONNI ypaBHEHUI:
) (Q(t) y “)) w2<t>(32“>)’ :
/ R®H) ) R(1) 1) — _ wa(t)R()
,Z[H(bd)y3H0HHbIe Hpoueccm I/IMeIOT CJICJIYIONILYIO CTPYKTYPY:
z(t) = @(t, W(t)) = z(t, W(t) + C1(1)),
y(t) = ¥(t, N(t)) = y(t, N(t) + Ca(1)),
rjge T u Yy — n3Bectble PyHKIUKU, HOAYUCHHBIE U3 HEIIOUYKU yPaBHEeHU
d _ A
) sty = w +Gb), [ S = v+ Galt),

Ha weussectubie dyukuuu C(t), Co(t) uMeroTcst ciepyone ypaBHeHs:
bi—3[(01),01Q(t)— (01);025(7?)]—%f(tW(tHCl(t))

01( ) 82x(t,W(t)+Cl(t)) ’
R 1G5 026 (LN (0 (1))
Ca(t) = T30, N0+ Co10) )

rie byHKIms o9 3aBucuT oT aprymentos (¢, y(t, N(t) + Cy(t))), a dyukiun by, by, oy
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Cor (LEE W) + CL@), Tt N(E) + Ca())).

[Tocneanue ypaBHeHUs SIBJISIIOTCS OOBIKHOBEHHBIME JudDepeHnnalbHbIMUA ypaBHe-

HUSIMU 0€3 CTOXaCTUUIEeCKUX WHTErPaJioB, HO CO CAYyYalHbIMKA KO DUIMeHTaMm, KOTo-
pble peralTcd CTaHJAPTHBIMUA YUCJACHHO-aHAJUTUYCCKUMU METOJaMU C UCIOJIb30Ba-
HUEM HAYAJbHBIX YCJIOBUII BUJIA

2(0,W(0) + C1(0)) = xo, (0, N(0) + C2(0)) = yo.

Baackos I'. A. (Pocros-na-/lony, Poccus)
vls1958@mail.ru

MO/JAEJIb BLICOKOIIIMPOTHO NOHOC®EPHI B YCJIOBUSAX
CTOXACTUYECKON KOHBEKIINN

Paznuunbie Mosenn pacipeiesenns 3JIeKTpOHHON KounenTpanun N, B F'—obsactu
MOJISIPHOI MOHOChEPHI ONUPAIOTCS Ha JIBa ONPEJsIoNX (pakTopa: HOHU3AIUs U T1e-
peHoc noHOCEPHOIT 1171a3Mbl B PE3yJibTare BO31efCTBIsI KPYITHOMACIITAOHOI'O 9JIEKTPH-
TeCKOTO TMOJIsT MArHUTOChEpHOH KOHBEKINH [1]. DTu Mojienn uMeroT 1eTepMuHIPOBaH-
HBIIl XapaKTep, TaK KaK X MCXOJHbIC JaHHbIC U PEIICHUs OIKUCHIBAIOTCS OJHO3HATHBI-
MU QYyHKIUAME KoopawHar u BpemeHu. OHAKO, UBMEPEHNs MOKA3bIBAIOT, HAIIPUMED,
YTO JIEKTPUUECKOE 110JI€ UCIBITHIBACT CePbe3tbie MJIyKTyaluu, 0COOEHHO B aBpOPaJib-
Hoit 30oHe. OUeBUIHO, UTO CTOXACTUUECKNE BO3ACHCTBUS BIUSIOT Ha IPOCTPAHCTBEHHO-
BPEMEeHHbBIE ITapaMeTPhl 3JIeKTPOHHOM KoHIleHTpalun. [Ipejiaraercst B ypaBHEeHUN HEPa3-
PBIBHOCTH % + (5} — @t)VNe =q — BN,, rie f— KoapumenT peKoOMOMHAIINK, §—
GyHKIHMS MOHOOOPA30BaHUsI, PA3JIEJUTh MOJIe CKOPOCTEH IepeHoca Ha JeTepMUHUPO-
BaHHYO U on CIIy YAl HY O zzt cocrapJigtoriye. Vcrnoab3yss Tpa ulMOHHBIN JIarpaHKeB
MOJIXOJ/], ¥ YUUThIBasE BMOPOXKEHHOCTH MOHOC(EPHON IJIa3Mbl B I'€OMArHUTHOE II0JIE,
LPEJIIIOJNIOXKNAM, YTO MArHUTHbBIE CUJIOBbIE TPYOKKM COBEPIIAIOT XaO0THUUECKOE JIBUXKEHUE,
nMerolee OPOoyHOBCKMiA XapakTep. Toraa BenunHa 3J1eKTPOHHON KOHIIEHTPAIUN sIBJIsSI-
eTcs cJydaitHOM BeJIMUMHOM JIJIsT KaXK10i TpyOKHU, TO BeCh UX HAOOP obpazyer ciydaii-
Hoe 1osie. PaccMoTpenune yrpoménHbiX 3a/1a4, JI0NYCKAOIUX aHAJUTHICCKOE PelleHune,
I0Ka3aJ10, 9YTO HAJUUKNE CTOXACTUICCKUX (DIYKTYyalnii KOHBEKIINN JIOJXKHO IPUBOIUTD
K Pa3MbIBaHUIO CPEIHUX 3HAYCHUN JICKTPOHHON KOHICHTPAIUU [2] Haubosee neii-
CTBEHHBIMHU OCTAIOTCsl YKMCJEHHbIE MeTOjbl, B dacTHoCcTH, MeTon Monrte-Kapmio. Huc-
JIEHHBIE PACUYEThl O3BOJIMIM PACCMOTPETh OCOOEHHOCTH PACIIPEJIe/ICHUs JIEKTPOHHOM
IIJIOTHOCTH B HEKOTOPBIX XapaKTEePHBIX 30HAX BepXHeil MOJISIPHONI HOHOCKEPDHI, TOCTPO-

UTb THCTOI'PaMMBbI, KapTbl MaTEMaTUYICCKOI'O O2KNJIaHuA 1 JUCIIEPpCUN BEJIMINHDBI Ne.
JUTEPATVYPA

1. Jémunos M. I Nonocdepa 3emsm: 3akoHOMEPHOCTH U MexaHu3Mbl. CO0pHUK craTeil "DaeKTpOMarHuTHbIE U IJIA3MEHHbIe
nporeccel ot ueap Commia 1o neap 3emun ¢.295-346, USMUPAH. 2015.

2. Baackos I'. A., Moocaes A. M. O Mozme/MpoBaHUU CTOXACTUIECKU KOHBEKTUPYIOIIEH monapHoii monocdepsl.- B Ka. Vcce-
AoBaHus BbhICOKOMMPoTHOH nonocdepst, Anarursr, n3a. KHIT AH CCCP, 1986, c.42-45.
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B. O. Volkov (Moscow, Russia)
borisvolkov1986@gmail.com

LEVY-LAPLACE OPERATOR IN STOCHASTIC ANALYSIS AND
YANG-MILLS EQUATIONS

We define infinite dimensional differential operators on a Sobolev space over the
Wiener measure P by analogy with the classical Levy Laplacian. We consider differential
equations with these operators and their connection with the Yang-Mills equations (see
4)).

Let W' ([0, 1], R?) be the Cameron-Martin space of P. Let {p,}!_; be an orthonormal
basis in R, Let hy,(t) = v/2sin(2mnt). The value of the Lévy Laplacian on a function
F on Wi'([0,1],R?) can be defined by

n d
ALFZ lim lZZdp#hk_dp#hkF’.

n—oo N
k=1 p=1

It is known that the parallel transport (considered as an operator-valued function on
W2([0,1],R%) is a solution to the Laplace equation for the Levy Laplacian if and
only if the associated connection is a solution to the Yang-Mills equations (see [1-3]).
We show that the definition of the Levy Laplacian can be transferred to the Sobolev
space Wy (P) over P. We find the value of this Laplacian on the stochastic parallel
transport. It is shown that the Yang-Mills equations and the Levy-Laplace equation
for such Laplacian are not equivalent in contrast to the deterministic case (cf. [2]).
Finally, we consider an infinite dimensional divergence defined by analogy with the
Levy Laplacian. We obtain an equation containing this divergence which is equivalent
to the Yang-Mills equations. The resulting equation is an analog of the equation of

motion of chiral fields.

REFERENCES

1. Accardi L., Gibilisco P., Volovich I. V. Yang-Mills gauge fields as harmonic functions for the Levy-Laplacians. Russian
Journal of Mathematical Physics. 1994. Vol. 2, No. 2, pp. 235-250.

2. Leandre R., Volovich I. V. The Stochastic Lévy Laplacian and Yang-Mills equation on manifolds. Infinite Dimensional
Analysis, Quantum Probability and Related Topics. 2001. Vol. 4, No. 4, pp. 151-172.

3. Volkov B. O. Levy Laplacians and instantons. Proceedings of the Steklov Institute of Mathematics. 2015. Vol. 290, pp. 210-
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4. Volkov B. O. Stochastic Lévy Differential Operators and Yang-Mills Equations. Infinite Dimensional Analysis, Quantum
Probability and Related Topics (to appear).

T. A. BosiocaroBa (Pocros-una-/lony, Poccust)
kulikta@mail.ru
OIITUMM3AIING KBA3NJIMHENHBIX MOJEJIEN CJIOXKHBIX
CUCTEM B CJIVHAE KOHEYHOI'O YNCJIA
JETEPMUMHNPOBAHHBIX ITPUOPUTETOB!

1PaBora BHIMONHEHA TpH bUHAHCOBOH TIoAepxkKe PODU (mpoexT 16-01-00184).
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Jokua sijsiercs pojoskennem paborbl [1], a rakxke coobinenust Bosiocarosoii
T.A. u Janexksum A.I'. ma xondepennun OTHA-2016. B stux paborax ObLia mpegcras-
JIeHa MaTeMaTuIecKast MOJIEb SKOHOMUIECKOH CHCTEeMBbI ¢ TPeMsT JIeTePMUHUPOBAHHbI-
MU nipuopuTeramu. PaccMorpum renepb Mojedib ¢ m npuopureramu (m<o00). Lenesas

dbyukius apourpa umeer sug: F= FyUEFy?. . .F%—(a1+a2+...+am,1)7 e

E(SU) = <k§1 QT + bz> ]{kzijl a};xi+bi>0}’

R"™, I 4 ectb uaaukarop MmaokectBa A. Hac OynyT nnrepecoBarh CUTyaIuu, KOTIa CyIIie-

i=1,2,....,m, af,b; € R, (v1,29,...,7,) €

CTBYIOT TOYKH JIOKAJbHBIX U IVI00AJHHBIX MAKCUMYMOB (DYHKIUH , TOITOMY B JlaJibHEH-

m
meM Mbl cauraeM, 9to © € (| B;, tne B; = {F; > 0}. Eciu cymectByer crannonapHaast
i=1

TOYKa X , TO CUCTEMa BEKTOPOB {al,a2

,...,am} JuHeiino 3aBucumas. Ilycrs nese-
Bast dbyHkims F'(x) umeer cranuonapuyto Touky. OCTAaHOBUMCS HA MOJIEIH B KOTODOIi

{al, ey am} JIMHENHO 3aBUCUMa, a TMOJICUCTEMA, {al, ey am_l} JIMHENHO He3aBUCUMA.
a1C1
Torna BekTop a™ MOXKHO 3amucaTb B BHJe a'' = a' + ...+
(&1 + o« o + &m_l) - 1

Am—1Cm—1 m—1 QG

a , 1€ IIOCTOAHHDbIE
(oq—i—...—i—ozm,l)—l A (@1+...+C¥m,1)—1

00O3HAUEHUST S; = » ag Ty, Toraa nejesad QYHKIHUA IPUMET BUJI:

k=1
o Qo —1 04161
F(?) — (51 — bl) .. .(Sm—l - bm—l) . ((Ql + ... 4+« _1) —1

am—lcm—l 17(0[1+...+Oém_1)
1+5b
+(Oél—|—...—|—04m_1)—18m 1+ m)

a’ < 0. Beenem

S1+ ...

IIpennoxenune. Dynxyua F(?) umeem eQuHCMBEHHYI0 CMAUUOHAPHYIO MOYK]Y
M (51, ..., Sm—1), KOOPIUHAMDL KOMOPOT GUHUCAAIOM O HOPMYAE:
1 m—1
Sj = g (bm — Cjbj)(l — (051 —+ ...+ Oém_l)) + Z(Clbz — Cjbj)()éi

=1

JUTEPATVYPA
1. Boaocamosa T.A., Janexany A.I. OuruMusanms KBa3UIMHEHHBIX CJIOXKHBIX CUCTEM: Clydail TPex JAeTepMUHUPOBAHHBIX
IpUOPUTETOB. MeXKIyHApOIHBIN HAY THO-UCCIIEI0BATENbCKMIA K ypHAI. 2016. Ne 10-2 (52). C. 127-132.

Yu. E. Gliklikh (Voronezh, Russia)
yeg@math.vsu.ru
STOCHASTIC LEONTIEFF TYPE EQUATIONS WITH CURRENT
VELOCITIES

In papers by A.L. Shestakov and G.A. Sviridyuk [1,2] a new model of the description
of dynamically distorted signals in some radio devises is suggested in terms of so-called
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Leontieff type equations (a particular case of algebraic-differential equations). After
that the problem of taking into account the noise (in standard way expressed in terms
of the white noise) in this theory has been arisen. A special feature of Leontieff type
equation is that for finding a solution one has to use derivatives of constant terms, in
this case — derivatives of white noise that requires using the generalized functions.

Then two alternative approaches were elaborated by A.L. Shestakov and G.A. Sviri-
dyuk and by Yu.E. Gliklikh and E.Yu. Mashkov where the influence of noise is expressed
in terms of the so-called current velocities (symmetric mean derivatives) of the Wiener
process instead of using white noise. This allows the authors to avoid using the genera-
lized function. It should be pointed out that by physical meaning, the current velocity
is a direct analog of physical velocity for the deterministic processes. Note that the
use of current velocity of the Wiener process means that in the construction of mean
derivatives the o-algebra “present” for the Wiener process is under consideration while
there is also another possibility: to deal with the “present” o-algebra of the solution as it
is usually done in the theory of stochastic differential equation with mean derivatives.
This approach is eleaborated by Yu.E. Gliklikh and E.Yu. Mashkov under various
assumptions.

In this talk we give a survey of results in this direction. A brief introduction into the
Theory of Mean Derivatives is also given.

The research is supported in part by RFBR Grant 15-01-00620.

REFERENCES
1. Shestakov A.L., Sviridyuk G.A. A new approach to measurement of dynamically distorted signals. Bulletin of South Ural
State University. Series “Mathematical Modelling, Programming & Computer Software”. 2010. No. 16(192), pp. 116-120 (Russian)
2. Shestakov A.L., Sviridyk G.A. Optimal measurement of dynamically distorted signals. Bulletin of South Ural State
University. Series “Mathematical Modelling, Programming & Computer Software”. 2011. No. 17(234), pp. 70-75. (Russian)

A.C. I'peuko O. E. Kyapsasues (Pocros-na-/lony, Poccus)
alex@itparadigma.ru

I[IPOTHO3UPOBAHMUE IIOJIPA3YMEBAEMOI BOJIATUJILHOCTU
C IIOMOIIIBIO METOJ0B MAIIIMHHOI'O OBYYEHUM !

[TporanozupoBanne (hUHAHCOBBIX BPEMEHHBIX PSJOB OUYEHb CJIOXKHAsS 3ajlada M3-3a
HECTATTMOHAPHOCTU ¥ HAJWYHS IIyMa B JIAHHLIX. Dojiee TOTO ocTaercss OTKPBITHIM BO-
IIPOC, HACKOJILKO TPOIILJIOE 1OBejieHre (DUHAHCOBBIX PHIHKOB B TIOJIHOW Mepe COJIEPXKUT
UHGMOPMAIIMIO O 3aBUCUMOCTHAX MEXKJLy Oy/IYIIUMU IeHAMU U HPOIILJIbIMU.

Pacemorpum 3a71a1y TporHO3MpOBaHUs MojipasyMeBaeMoil BosaruibHocTn (implied
volatility) omonos na wxjeke PTC mo mpornibiv 3HAYEHNSIM JTaHHOTO TTapamerpa. n
peaJsin3oBaHHOl BoJsiaTuibHOCTU. [To cyTu 3ajiada MPOrHO3UPOBAHUS PHIHOYHOM BOJIa-
TUJIBHOCTH - 9TO 33j[a4a MPOTHO3MPOBAHUS PHIHOYHOMN TIeHBI ONIroHa. OCHOBHAS njies

1McenenoBanue BhIONHEHO IpH GUHAHCOBOH momgepxKke POPU, npoext Nel15-32-01390.
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3aKJIIOYAETCS B TOM, YTOOBI BBISBUTH MMATTEPHBI MOBEJACHUS MPU TPUHATUN PEIeHust O
TEKYIIEM 3HAUYEHUU T0JIpa3yMeBaeMoil BOJIATUILHOCTH, TaK KakK IeHa (popMupyercs B
pesyJibrare BJUsiHUs 4desioBevecKoro ¢akropa. B pesyiibrare npuxojum K 3ajade Ma-
IMMHHOTO 00y YenHus - "3aade obydenns ¢ yaurenaem". st ynporeHus 3a1ada CBOIAT-
cs He K MPOTHO3MPOBAHUIO KOHKPETHOTO 3HAUEHUs 0JIpa3yMeBaeMoil BOJATUILHOCTH,
a K Borpocy Oyjier ona pactu nin rnajgarh. COOTBETCTBEHHO, JAeTCsT PEKOMEH AN Ky-
IUTH WK 11POJIATh OIMOH, TO €CTh Mbl IEPEXO/IUM K 3a/iaue OMHApHON KJiacCcuduKaluu.

B pabotre ncnosib30Baanuch pasjnydHble METO/Ibl MAITMHHOTO O0yYeHUsI, HO OCHOBHOI
yIop JieJaJicsi Ha HeJIMHEWHbIe MeTojbl: HeiipouHbiit cetn, SVM u ciyuaiinbie Jieca.
Paccmarpusaercst 3 peKTUBHOCTD TONO MJIM KMHOT'O METO/a Jijisl JaHHON 3aja4uu, Ipu-
BOJIATCS OIeHKH omnOoK. CpaBHUBAETCS JIAHHBIN HellapaMeTPUIeCKui MOJIX0 ¢ mapa-

METPHYECKIMH METOJIaMU OIEHKH C IOMOIIbI0 Mojiesneit JleBu.

JUTEPATVYPA
1. Murphy K. P. Machine Learning: A Probabilistic Perspective. The MIT Press. 2012.
2. Marsland S. Machine Learning: An Algorithmic Perspective. CRC Press 2011.
3. Anderson T., Bollerslev T. Intraday periodicity and volatility persistence in financial markets. Journal of Empirical
Finance. 1997, No. 4, pp. 115-158.

A.T. Jauneksur (Pocros-ua-/lony, Poccus)
dangegik@mail.ru

OINITUMUBAIINA KBA3UJIMHEMHBIX MOJEJIEN CJIOXKHBIX
CHUCTEM : CJIYYAN TPEX IIPUOPUTETOB BEPOSITHOCTHOI'O
XAPAKTEPA'

Hacrosimuii jlokiiag sigjisiercsi npojoJkenuem pabor [1-2], B koropbix npejcrasiie-
HBI Pe3yJILTATHl UCCIEIOBAaHUS MMOTEHIIMAa KBa3UJINHEHHBIX MOJEEH, B TOM CJIydae,
KOIJIa 11eJieBasi (PYHKITUSI BOCIIPOU3BO/IUT pa3HOHAIIpaBJICHHbIE TPEOOBaAHUST BCEBO3MOXK-
HBIX 9KOHOMUYECKUX CTPYKTYP, C YUETOM CJYyUIaiHON PACCTAHOBKU IIPUOPUTETOB HEKUM
HOCPEJIHUKOM — apOUTpOM.

B coorercriun ¢ [1-2| B mpocrpanctee R" paccMOTPUM HEOTPHUIIATEIbHBIE HEHYJIE-
Bble HelpepbiBHbIe DYHKIWMA F; (X1, To, ..., Ty,), JBAXK Bl HEIPEPBIBHO JAud GepeHiupye-
Mble Ha OTKPbIThIX MHOKecTBax B; = {F; > 0}, rie i = 1,2, 3. Mbi Gyjiem ucciieioparh
TOJILKO T€ MOJIEJIA, B KOTOPBIX CYNIECTBYIOT TOUKH JIOKAJbHBIX 1 IJI00AIBHBIX MAKCHMY-

n
MoB dyukiuu F | nosromy x € (] B;. [Ipu Takom nojixogie nesiesast pyHKius apourpa

1=1
umeer Bug F' = E[F{"Fy?F5*®], nokasarean (IPUOPUTETHI) KOTOPOH HOCAT BEPOSIT-

HOCTHBIN XapakTep U yJaoBiaeTBopsitor yejaosusim = P(a; > 0) > 0, P(a; < 1) > 0, te
1= 1,23 u a1 + as + ag = 1. Cauraem, aro dyukiuu F; spisiorcs QyHKIUSIMEA

n
«kBasmimHeiinoro» Buga: Fi(x) = | Y aixp+b; | [ d = 1,2,3, e Iy
k=1 {22 apxi+b;>0}
k=1

1Paora BhimoHEHa Tpu buHaHCOBOH Moaepikke PODU (npoekt 16-01-00184).
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ecThb uHauKaTop MHOKecTBa A. Obo3HaunM depe3 S MHOXKECTBO CTAI[MOHAPHBIX TOYEK
dbyuknuu F(x). [peanonoxum, aro S # &. Jlerko BujeTh, 910 TOr[a CHCTEMa BEKTO-
pos {di,ay, a3} suueiino 3aBucuma. [Ipejosokum, 4o B 9TOH cUCTEME CYIIECTBYET
napa JIMHEHO He3aBUCUMbBIX BeKTOpoB. He Hapyinas oOIIHOCTH, CUATAEM, UTO JIMHEHHO
HE3aBUCUMBI a1 ¥ d3. Torma BeKTOp a3 IPEeJCTaBUM B BHJIE: d3 = C1aG1 + C2ay. B nokiia-
Je Oyjer paccMOTpeHa SKeTpeMaJjibHas 3ajada jiist hbyHkipd F(z) npu BBIIOJIHEHTH

ATOI'O COOTHOILICHUW .

JUTEPATVYPA
1. Baeun B.C., Ilaenoe H.B. MomenupoBaHue 1 ONTUMU3ANNS KBA3UINHEIHBIX CJIOXKHBIX CHCTEM C YIeTOM BEPOSTHOCTHOTO
xapakrepa npuopureros. Hayuano-rexauueckuii xypuan «Becrank PI'VIIC» —Pocros-ma-lony, 2016. Ne1(61). — C. 135-139.
2. Boaocamosa T.A., Janexany A.I. OnTuMu3anmsi KBa3WINHEHHBIX CJIOKHBIX CUCTEM: CJIyYaill TPEX JETEePMUHUPOBAHHBIX
IpUOPUTETOB. MeXK IyHapOAHBIH HAYTHO-UCCIIEI0BATEbCKHI KypHaI. 2016. Ne 10-2 (52).— C. 127-132.

C. A. EBnak (Pocros-na-/lony, Poccus)
syevpak@yandex.ru

BEPOATHOCTHBIN METO/I, B OIIEHKE S®®EKTUBHOCTU
CHUCTEM PACIIPEJEJEHNY KJIIOYEN

B nokiaje uccienyorest TeOpeTuKO—KOAOBBIE TTOMNINHEHHBIE CHCTEMbBI pacITpe ieie-
nust kitoueit (em. [1]). Ha ocrose pesysbraros pabor [2, 3, 4] ¢ ucnosb3oBanueM MeTo-
JIOB TEOPUU BEPOSTHOCTEl MPEJIJIOXKeH HOBBIH c11ocob oreHKH 3(PEPEKTUBHOCTU CUCTEM

pacrpeeaeHnsd Kardei.

JUTEPATVYPA
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4. Heyndax B. M., Eenax C. A., Tapan A. A. O6 olleHMBaHVN BEPOSITHOCTHU ySI3BUMOCTEl TTOJIMINHEHHON CUCTEMBI DACIIPe/Ie-
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I. M. Erusalimskiy (Rostov-on-Don, Russian Federation)
ymerusalimskyi@sfedu.ru

2-2 WAYS ON A GRAPH-LATTICE

Graph-lattice has vertices at points with non-negative integer coordinates. Each
vertex has two outgoing edges: horizontal edge and vertical edge to the neighboring
vertices (right and top). Graph-lattice has a fractal structure — subgraph generated
by any vertex and the set of vertices that are reachable from it, is the graph-lattice.
In the first part we considered the problem of reachability for 2-2 ways. 2-2 way
consists of alternating pieces of horizontal edges or vertical edges, each of which (except,
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perhaps, the final piece) has an even length. We obtained formulas for the number of
2-2 ways, leading from the vertex to the vertex. In the second part we investigate the
problem of random walks via 2-2 ways. The process of random walk on the 2-2 paths
isn’t Markov process. It is shown that it is locally reduced to the Markov process on
the subgraph which determined by the starting vertex. We obtained the formula for

probability of transition from the vertex to the vertex via 2-2 ways.

REFERENCES
1. Erusalimskij Ja. M. Grafy s ventil’noj dostizhimost’ju. Markovskie processy i potoki v setjah. /Ja. M. Erusalimskij, V. A.
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2. Erusalimskij Ja. M. Sluchajnye processy v setjah s bipoljarnoj magnitnost’ju. / Ja. M. Erusalimskij, A.G. Petrosjan /
Izvestija vuzov. Severo-Kavkazskij region. Estestvennye nauki .Pril., 2005, No. 11, pp. 10-16.
3. Erusalimskij Ja. M. Sluchajnye bluzhdanija po grafu-reshjotke i kombinatornye tozhdestva. // Inzhenernyj vestnik Dona,
No. 2 ch.2 (2015), 12 p. http://www.ivdon.ru/ru/magazine/archive/n2p2y2015/2964

B.I'. 3anopoxunii (Bopouex, Poccus)
zador@amm.vsu.ru

MOMEHTHBIE ®YHKIINN PEINIEHUN TU®PEPEHIINMAJILHBIX
YPABHEHUI CO CJAYYANHLIMU KOY®PUITNEHTAMN

Paccmarpusatorcest iuneitnbie juddepennnalibibie ypaBHeHus, KOIMDPUITUEHTHI KO-
TOPBIX SIBJIAIOTCS CJyYalHBIMU MPOIECCaMu. 3a/iada COCTOUT B HAXOXKIEHUU MOMEHT-
HBIX (DYHKIMI pellleHnit Takux ypasBHenwnii. IIpeamnosaraercs, 4To ciaydaiinbie Koddg-
dburEenThl 33/[aHbl XapakTepuctuaeckuM yHnknuonagom |1]. ajava cBoguTes K He
caydaiHbiM JinddepeHiinaibHbIM YPaBHEHUSIM C OObIYHBIMKY U BapUAIlMOHHBIMK TPO-
u3BOHbIME [1].

B gacraocTH paccMoTpena 3ajsada Ko juisa cucrembl jgudepennnaibHbIX ypaB-
HEHWI ‘fl—f = e(t,w)Ax + f(t,x),z(ty) = zo(w), tme x : [to,t1] — R" — nckomas
BEeKTOpHasT QyHKIWs, A — MaTpuIla w — cjaydaitHoe coObITHe, € — CJydaiiHbIi Mporecc,
f — BeKTOpHBIII caydaliHbBIi IpoIiece, Xy — caydaiinblii BekTop. [Ipenmnosaraercs, 1To
M3BECTEH Xapakrepucrudeckuii dbyHkmonas [1]

t1

Y(u,v) = exp(i/ [e(s,w)u(s)+ < f(s,w),v(s) >]ds),

to

rie < -, - > — CKaJsipHOe TpousBejienne B R".
[lycrs y(t,u,v) = M(x(t)exp(i Lzl[s(s,w)u(s)+ < f(s,w),v(s) >|ds), tne M —
3HAK MATEMATHIECKOTO OXKMJIAHUSA 110 (PYHKIMU Paclpejiesienus nponeccos &, f. [pu

srom y(t,00) = Mz(t),

ay(ta u, U) _ —ZAéy(t’ u, U) . Zé¢(u’ U)
o du(t) Su(t)

y(to, u,v) = M(z0)(u,v).
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Pemenne sToit 3aa4n HaXOUTCs B aHAJUTUIECKOM BUJIE

J(t0) = Mz — iAx(, 1), 0) — i [ SUEZ LU0,

rie B — equnuunas marpuna, X(fo,t) — xapakrepucruueckas GpyHKIius orpeska [tg, t]

. pu v = 0,v = 0 noyuaem BbIpayKeHue JJjisi MATEeMATHIeCKOro oxkuganus Mz (t).

JUTEPATVYPA
1. Badopooicruti B. I. Metonsr Bapuarmonnoro ananausa. M.-Mxesck: PX/I, 2006.

. C. KiumenroB Pocros-ua-/lony, Poccus)
dklimentov75@gmail.com

OB OIIPEJAEJIEHUN ITIOBEPXHOCTH ITOJIOYKNUTEJIBHOI
KPUBN3HbBI O'PAHNYEHHOI'O UCKPUBJIEHNA /IBYMZA
CJIYVUYAMHBIMU IIPOIIECCAMU

B pabore [1| 6b110 MOKa3aHO, 9TO JJIst MOBEPXHOCTEH OrPAHUYICHHOTO UCKPUBJICHHUST

// LN — ]\42
EG — F2

rie K(G) — kpususna maokectBa G. IlycTh Ha OBEPXHOCTH OrPaHUIEHHOTO MCKPUB-

umMeer Mecto hopmyJia

senust ' 3a/1aub1 jiBa BUHEPOBCKUX npoliecca Xy 1 Yy € IepexojHOil II0THOCTBIO Py (X, 1)
u nepexojiHoit yukuueit P(t, x,T"). B pabore |2] 6buia Bbiejiena hopmysia, 1103B0JIsItO-
111as1 BLIYUCIUTL KPUBU3HY [VIAJIKOM TOBEPXHOCTH Yepe3 NPUBEACHHBIC XapaKTePUCTUKN
CJIyYaiiHbIX MPOIECCOB. DTOT PE3yJbTaT 0000IIAETCA HA TOBEPXHOCTHL OTPAHUIECHHOTO
UCKPUBJICHUS CJIEJIYIOIIMM 00Pa3oM:

Teopema 1. /lra noseprrocmu ozpanusernnoz0 uckpussenus F umeem mecmo dop-

12
G) _ b11b22 b12 dO,
A
G

_ Ap vivi \ — Ap
2de bj; = 5L [ P(t,z,dy) The A= pr
JUTEPATVYPA
1. Baxeavman 1.5. Jnddepennmaapaas reoMeTpus IIQIKUX HEPEryIsapHbIX moBepxHocTeit. YMH. 11:2(68) (1956). 67-124.
2. Kaumenmos /[.C. CroxacTuyeckuii aHaJI0r OCHOBHOM T€OPEeMbl TEOPUU [IOBEPXHOCTEMH il IOBEPXHOCTEHN 10JI0KUTEIbHOMN
kpusm3ubl. 3Bectus BY3os Cesepo-Kaskazckuit peruon. EcrectBennnie naykum, 2013, 6, c. 24-27.
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OIITUMU3AIINA KBA3UJIMHENMHBIX MOJIEJIENL C TPEMSHA
HE3ABUCUMBbIMUI ITPUOPUTETAMMN !

1PaBora BHIMONHEHA TpH bUHAHCOBOH TIoAepxkKe PODU (mpoexT 16-01-00184).
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B nokiajie mpoao/KaTcs UCCJIeIOBaHNsT BO3SMOXKHOCTU OINTUMU3AINE KBa3UINHEH-
HBIX MO/ICJICH, OMUCBHIBAIOIINX B3aNMO/ICICTBUE B €IMHOI CUCTEeMe CTPYKTYP C pa3and-
HBIMU TI€JISIMU, IPUOPUTETHI MEXKJ1Y KOTOPbIMU PACIPEJICISIOTCS 110 PEIIeHUIO apouTpa
— JIUIA, 3aMHTEePEecOBAHHOrO B HanboJiee 3(pHeKTUBHOM (DYHKIMOHUPOBAHUN CUCTEMbI
B IEJIOM.

[Tonaraem, 4TO cucTrema COCTOUT U3 TPEX CTPYKTYP, HEJU KOTOPHIX BbIParXKalTCs
HOJIOXKUTEJIbHBIMU HEIPEPbIBHbIMU (DYHKIUAMU KBA3UJIMHEHHOIO THUIIA,

n
Fj($) = (z:zjl a;;T; + b]> ]{zn: a,;jzi+bj>0}7j =1,2,3.
=1

[Tycrs a; = a(w), j = 1,2,3 — npousBoJIbHBIE HE3ABUCUMbIE CJIyYalHbIE BEJIHTN-
Hbl, IPUHUMATOIIME 3HaueHust Ha orpeske [0;1], onpejie/ieHHbIe HA HEKOTOPOM BEPOSIT-
roctrHoM npoctpanctse (2, F, P) , npudem P (a; > 0) > 0w P (a; < 1) > 0. Lenesas
dbynkius apburpa npu srom F(z) = E (F{") E (Fy?) E (Fy"?).

CumraeM, 9TO MHOXKECTBO CTallMOHAPHLIX Touek S # (). Iust Toro, 4robbl hyHKIUs
F(x) umesia crannoHapHble TOUKK, HEODXOUMO, 4T0DbI CUCTEMA BEKTOPOB {E(l), 6(2),6(3)},
rJe KasKIblil BeKTOp GY) coctasien u3 K03 UIMEHTOB 1eeBbX (DYHKIHH KOHKYPH-
pytomnmx crpykryp Fj(x),j = 1,2,3, Obuia snneitno 3asucuma. [Ipejnonoxknm, 4to
JIBA U3 TPEX BEKTOPOB CUCTEMbI JINHEHHO HE3aBUCUMBIL, U [IyCTh, HE HAPYyIIas OOIIHOCTH,
910 GyayT BekTopsl @) u @), Torma cIpaBeIIBO PABEHCTBO
3)

a® = —cia® — 0 | e

E(onF' ) E(F®)  B(aaFy? ) E(F5®)

E(F) B(aaFe? )’ Cy = (7 B{ant™ 1) Ha MHOXKecTBe S.

C1 =

Llesb JaHHOIO JOKJIAMa — U3YUIeHHe MHOXKECTBa, S.

O.E. Kudryavtsev (Rostov-on-Don, Russia)
koe@donrta.ru

A NUMERICAL WIENER-HOPF FACTORIZATION APPROACH IN
COMPUTING RISK MEASURES !

In recent years more and more attention has been given to stochastic models of
financial markets which depart from the traditional Gaussian model. The models
admitting jumps (e.g. Lévy models) are among the most popular.

Among the risk management tools promoted by the Basel committee, the most
popular is the Value-at-Risk (VaR) which measures the potential loss in value of a
risky asset or portfolio over a defined period for a given confidence interval. However,

1The work was financially supported by RFBR grant (project 15-32-01390).
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the measure does not give us the probability of the likely loss within that horizon.
The latter risk measure is known as intra-horizon VaR (or iVaR) [1]. In the case of
Lévy models, the problem of the iVaR evaluation is equivalent to solving a complex
partial inregro-differential equation subject to certain initial and boundary conditions.
A similar risk measure arises in ruin theory and insurance framework.

On the other side, it is also important to measure liquidity risks. According to [2],
an expected difference between the maximal stock price over the period and the price
in the end of the period gives an upeer bound for the value of the stock illiquidity.

In both frameworks, the key quantity of interest is the joint law of the current
position and the running extrema of a Lévy process at a fixed time. In the talk, an
efficient numerical method to compute an expectation of the laws of this type with
application to risk measures is suggested. As well as in [3] we use a new numerical
realization of the Fast Wiener-Hopf factorization method.
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1. Bakshia G., Panayotov G. First-Passage Probability, Jump Models, and Intra-Horizon Risk. Journal of Financial Economics.
2010. Vol. 95, No. 1, pp. 20-40.
2. Longstaff F. A. How Much Can Marketability Affect Security Values? Journal of Finance. 1995. Vol. 5, pp.1767-1774.
3. 0. Kudryavtsev Advantages of the Laplace transform approach in pricing first touch digital options in Lévy-driven models.
Bol. Soc. Mat. Mex. 2016. Vol. 22, No. 2, pp. 711-731.

V.V. Rodochenko (Rostov-on-Don, Russia)
vrodochenko@gmail.com
O. E. Kudryavtsev (Rostov-on-Don, Russia)
koe@donrta.ru

A HYBRID APPROACH FOR EVALUATING BARRIER OPTIONS IN
BATES MODEL USING A FAST WIENER-HOPF FACTORIZATION!

Derivative pricing is an example of a problem of both great practical value and
mathematical complexity.

Bates option pricing model, first published in [1], being rather comp-lex in computational
sense, is nonetheless a quite popular stochastic volatility model with jumps.

We present a new approach to option pricing under Bates model. The method is
based on Markov chain approximation for variance which is similar to the one in [2,3].

Like in [4], we use Carr randomization technique to be able to operate on sufficiently
small time intervals and consider the problem of option pricing as a recurrent scheme
which involves an iterative calculation of a sequence of mathematical expectations.

To calculate the arising expectations we use the approach based on the Wiener-Hopt
factorization formulae from [5] which admits an efficient numerical realization by means

of the Fast Fourier Transform.
ISupported by RFBR grant (project 15-32-01390).
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Numerical experiments show that the scheme proposed leads to accu-rate results

and offers a fast convergence.
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CPABHEHUVE METOA0B PEI'PECCUU MHK, RIDGE 11 LASSO B
BAJTAYAX AHAJIN3A JAHHBIX!

Uciiosb3yst cranjapru3oBaHibie ncxojubie janibie W, V| 3ajiaun OLeHKU Perpec-
CHOHHBIX KoaddunuentoB B ¢ nomotbio MeronoB HK, Ridge u Lasso moxkuO chop-
MYJIIPOBAThH B BUJIE:

1° | V-WB|?+ min,
2° | V—-WBI?+\| Bl +— min,
3° | V-—WBI?+\| Bl — min,

C ncmosb30BaHNeM CTATHCTHIECKOTO akeTa R OBbLT MpOBeIeH anan3 JaHueix Wine
Quality (cm. [1]) obbemom 4898 nabmomenuit (11 HbuUBNKO-XUMHITECKIX XapaKTEPUCTHK
oesioro Bura «Vinho Verdes (npeaukTopbi), olieHka KadecTBa BrHa 10 1Kase ot 0 j10
10 (orkinK)).

Tabmuma 1: KoscdbdbummenTer ysenndaenna gucnepcun VIF;, j=1,11

VIF, VIF, VIFy; VIFy VIF5; VIFs VIF;, VIFg VIFy VIFyy VIFy
2.691 1.141 1.165 12.644 1.237 1.788 2239 28.236 2.196 1.139  7.707

B curyanusix MyabTUKOJLIMHEAPHOCTH, KO KO3(MD(MUIMEHT yBeJIMICeHUsl JUCIIeD-
cun pegukTopoB VIF; > 5 (a tem 6osee, > 10), meronsr Ridge n Lasso mo cpasrennio
¢ MHK-perpeccueii mo3BoJisiior yBeJIUIUTH TOYHOCTD IIPOrHO3a U YIYUIIUThL HHTEPIIPE-
TUPYEMOCTh Mojiesn [2].

MerosioM Kpoce-Basinalin Oblii HaiiJieHbl oJxosime 3uadenns A st Ridge (A =
0.156) u Lasso (A = 0.014).

JUTEPATYPA
1. Cortez, P. (et al) Modeling Wine Preferences by Data Mining from Physicochemical Properties. Decision Support Systems.
2009. V. 47, Ne. 4, p. 547-553.
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Tabuna 2: Ouenku perpeccuonHbix Koaddunuenros by, j =1,11
Meron o bi b, b;  bs by bg by bs by, bio b

MHK 150.193 0.066 -1.863 0.022 0.081 -0.247 0.004 -0.0003 -150.284 0.686 0.631 0.193
Ridge  42.881 -0.027 -1.538 0.0566 0.028 -1.874 0.004 -0.0008 -40.270 0.246 0.405 0.239
Lasso 18708 -0.034 -1.848 0 0.026 -0.673 0.003 O -16.495 0.139 0.307 0.331

2. James, G., Witten, D., Hastie, T., Tibshirani, R. An Introduction to Statistical Learning with Applications in R. Springer.
2013.

B. B. Mucwopa, M. H. BorageBa (Pocros-na-/lony, Poccusi)
vvmisyura2011@gmail.com

ITPEJCKA3AHUE TEHJIEHIINI PASBUTNA ®MTHAHCOBBIX
BPEMEHHBIX PSI/10B HA OCHOBE ITOPAOKOBBIX CTATUCTUK!

[enb nceneoBanms 3aKII0IAETCA B OTIEHKE BO3MOYKHOCTH MCTIOJB30BAHNS TTOPSITKO-
BBIX CTATHCTHK JIJIs IPEJICKa3aHusd TeHICHIINY Pa3BUTHs BO BpeMeH! (PUHAHCOBBIX Bpe-
MEHHBIX psijioB. st omucanmst SBOIONUU BEJIMINH Sy, COOTBETCTBYIOIINX [I€HE HEKO-
TOPOIO (PUHAHCOBOI'O MHCTPYMEHTA B MOMEHT BpeMeHu t, oDpaTuMcs K CJiydaiiHOMY

nporieccy hy = (h)1<t<n C JUCKPETHBIM BpeMeHnem, rje h; = In ( Sf;). Ompegenum

dyukiuio T'rend;, 1pOrHO3UPYIONLYIO TEHJIEHIIUIO PA3BUTHUSI BDEMEHHOI'O Psijla Ha, OJIUH
BPEMEHHOUW TEepUoI.

—1, 0. <0;
Trend; = ¢ 0, (6 < 0)&(0,. > 0);
1, 6 >0.

QOyHKIUA COJepXKUAT TpH 3HadeHud -1, 0 m 1, KoTopble XapaKTepu3yIOT CIIajl, CTa-

OMJIBHOE COCTOSIHME W TOJ'beM PBhIHKA COOTBETCTBEHHO M OIPEHessieTcsl TTOPOrOBhIMU
i pi

nepemenunivu (0,607 ). Iloporosbie mepeMeHHbIE HPEJIATACTCA BBIYUCIATL 110 (HOp-

mysiam 0, = nzhk) + a,/ 77%02), e nzhk) — TOPSAJIKOBasl CTATUCTUKA, BLIYUCJEHHAs 110
k
CJIydaiHOM 110C/Ie/I0BATE/IbHOCTY hy 38 kK BPEMEHHbBIX IePUO/ia TPEJIIIECTBYIONUX YPOB-

HIO 1, 77202)

cru or = (h — 776%))2 3a k BpeMEHHLIX [EepHOJa IIPEIIECTBYIONUX YPOBHIO 7, KO-

— HOPAJKOBas CTaTUCTUKa BbIYHUCJIEHHAad I10 cnyqaﬁHoﬁ nmocjenoBaTeJIbHO-

apdunmenT o MoxkeT ObITh HACTPOEH JIJIsi KaXKJ0# CJIydaiiHOl I10C/Ie/I0BATEIbHOCTH.
B kaudecrBe 1OPSsJIKOBbIX CTATUCTUK nfhk) MOI'YT IPUMEHHATHCS MeJIMaHa, CTATUCTUKA
Xomxkeca-Jlemana, crarucruka Jukcona, craructuka Orasbl, craructuka [lupcona-
Thioku, crarucruka Kenys [1, 2]. Bepudukaliyst npeijioxkeHHOro MeTo/[a BbITOJIHIIACH
Ha IpUMepe aKTUBOB KOMIIAHUN, IIPEJICTABIEHHBIX Ha, POCCUHCKOM (POHJIOBOM PhIHKE.
Ommubka npornosa cocrasuia or 12 1o 29%.

YccnenoBanue Bemonmeno mpu dbuHAHCOBOH moagep:xke PODU B pamkax mayumoro mpoexta Ne 17-01-00888 A
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BEPOATHOCTHAA MOAEJIb JIBU2KEHNA 1 KOHIHEHTPAIINN
JPEBECHOI IILIJIN B ATMOC®EPHOM BO3/IYXE

[lenbio HACTOAIIETO JIOK/IA/a ABJISIETCA CTOXACTHIECKOE MOJECTUPOBAHUE JIBUXKEHUS
OT JepeBooOpabaTbIBaloNiero mnexa arMocdepubix 3arpasuureneit PMyg u PMs 5. Mo-
JIEJIMPOBaHNE TTPONU3BOIMIIOCH TOCPEJICTBOM aHAJU3a, OTOOPOB TBLIH.

ABTOpoM J0KJIa/1a OBLI MPOM3BEIEeH OTOOP MBLIM B TOUYKAX, HAXOJSIINXCS Ha pas3-
HBIX PACCTOSHUSAX OT JepeBoOOPadATBIBAIONIETO IeXa: Ha TEPPUTOPHUH ITPOMILIONIAIKH
(25m, 50M) u wa rpanuie canurapHo-3anTHONH 30HbI (100 M) [1]. Bpemsi or6opa B
KayKJI0# TOYKe paBHsi0oCh 20 MuHyTaM. KOHTPOJIb METEOPOJIOIMIeCKUX YCJIOBUM IPH
oTbope Tpob JPEBECHOM MBLIM OCYIIECTBIISAICS COMTacHO TpeboBanusaM [2]. Ycaopus
IPOBEJICHUST 3aMEePOB ObLIM TAKOBbI: OTHOCUTEILHAS BJIAXKHOCTHL BO3jyXa ¢ = 72% |
remieparypa Bozjyxa t = 18°C.

fcHo, 9TO KOHTIEHTpaIWs MBI OMPEIe/IAeTCs, B YJaCTHOCTH, XapaKTepoM ee JIBUXKe-
nud. [Ipemaraercs BeposTHOCTHAS MOJIEThb JBUYKEHUS MBI B BUJIE CKJIEEHHBIX TPEX-
MEPHBIX BUHEPOBCKHX MPOIECCOB ¢ pasindHbiMu cHocamu. Ha Beex Tpex yuacrkax (0
25 M, 25-50 m, 50-100 M) cHOC OIpeIeIsIeTCst BECOM YaCTHUIlbl U CKOPOCTHIO Berpa. [Ipu
9TOM YaCTHUIA, JIOCTUTIIAsT Ha KaKOM-JIMOO M3 YYaCTKOB IMOBEPXHOCTU 3EMJIU, CUUTA-
ercsa 3acroiBiieil. [Ipu mepecedennn qactureil yeJOBHBIX BEPTUKAIBHBIX OAPHEPOB (Ha,
paccrosituun 25, 50 u 100 M) BeKTOp CHOCA M3MeHsieTcst. KOHIeHTpalys YacTrI] MOXKeT
OBITH ONpeJIeIeHa, ¢ UCTIOJB30BaHUEM (DYHKITUU pacIpeie/IeHns MOMEHTa TepeceueHus
JaCTHIeH YCJIOBHOM TPAHUILI ¥ BEPOSATHOCTHIO TOTO, YTO YaCTUIA HE OCeJia Ha 3eMJTIO
JIO 3TO¥ T'paHUIIbI.
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NEW FAMILY OF ONE-STEP PROCESSES ADMITTING SPECIAL
INTERPOLATION MARTINGALE MEASURES !

Denote by Z = (Z,, F,)._, a one-step process, where Fy = {Q, @}, F; is generated
by a decomposition of  into a countable number of atoms B (k € N = {1,2,...},
1<i<mp+1,1<my <o0), Zy=a,Zi(B.) = b (b are different real numbers,
br # a Vk € N). Suppose that infy b, < a < supj, by. Denote by P the set of martingale

b
measures P on {2, F1} such that pi := P(BL) > 0 and b, # %:E—j:j, Vi(l <1< o0)
and for all subsets J C {(k,i),1 <k <o0,1 <i<my+1} with finite J°. P is called
set of special interpolation martingale measures.

Theorem. If number a is irrational and all numbers by (k € N) are rational, then
P # ©.

In [1] the following proposition was proved: if my = 1 Vk € N, {b;} is exponentially
increasing positive sequence and by < a < by, then P # @. Recently V.V. Shamrayeva
has essentially improved this result in another direction (see her absracts in the pro-
ceedings of this conference). Up to now there were not other results providing non-
emptiness of the set P. Remark that if £ < n < oo, the corresponding facts can be
found in [2-3].

The importance of all these results lies in the possibility to transform (with the help
of measures P € P) arbitrage-free incomplete financial (B,S)-markets to arbitrage-free
and complete ones and to construct hedging strategies (see, for example, the absracts
of .V. Tsvetkova in the proceedings of this conference).

REFERENCES

1. Pavlov L.V., LV. Tsvetkova 1.V, Shamrayeva V.V. // Some results on martingale measures of static financial markets
models relating noncoincidence barycenter condition. Vestn. Rostov Gos. Univ. Putei Soobshcheniya, 2012, Vol. 45, No. 3,
pp. 177-181.

2. Bogacheva M.N., Pavlov I.V. // Haar extensions of arbitrage-free financial markets to markets that are complete and
arbitrage-free. Russian Math. Surveys, 2002, Vol. 57, No. 3, pp. 581-583.

3. Pavlov L.V., I.V. Tsvetkova L.V, Shamrayeva V.V. // On the existence of martingale measures satisfying the weakened
condition of noncoincidence of barycenters in the case of countable probability space. Theory Probab. Appl., 2017, Vol. 61,
Issu 1, pp. 167-175.

M. B. IlnaronoBa (Cankrt-Ilerepbypr, Poccust)
mariyaplat@rambler.ru

BEPOATHOCTHAMA AIIIIPOKCUMAIINA PEINTEHNA 3AJTAYN
KON J1J1d 9BOJIIOIINMOHHOI'O YPABHEHNA C OIIEPATOPOM
JNOOEPEHIIMPOBAHUA BHICOKOI'O ITOPA/IKA

IThis work was supported by the RFBR (project 16-01-00184).
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Xopol10 U3BECTHO, UTO pelneHue 3a4a4n Komm g ypaBHeHUsT TeIIONPOBOLHOCTH
2
o u(0.2) = ()
MOYKHO IPEJICTABUTHL KaK MaTeMaTudecKoe oxkujaanne pyHKIMOHAIA OT BUHEPOBCKOI'O
IIPOIIECCa,
u(t, z) = Ep(z —w(t)), (1)

riae w(t) — craHapTHBIN BUHEPOBCKUI POIECC.

Ecnn pacemorpers sagauy Ko juist 3BOJIOIMOHHONO ypPaBHEHUS C ONEPATOPOM
JinddepeHnupoBanms MopsijKa m > 2 BUJIA

ou ¢, 0Mu
En = ] 9’ u(0,x) = p(x), (2)
rie
B +1, m =2k + 1,
fm = (_1)k+17 m = ka

TO TIpeJICTaB/ienne permennst 3ajadn Koru, anagorunanoe (1), HO ¢ 3amenoit w(t) wHa
HEKOTOPBIN JIPYTOil CiydaliHblii TTPOIECC, HEBO3MOXKHO, TaK KaK B 9TOM cJy4dae pyH/j1a-

m
MeHTaJIbHOE pellleHue YpaBHEeHU T 9u _ cn Ou y2Ke He dBJISETCS BEPOITHOCTHON Mepoii.

ot — m!daxm
MbI ocTpouM BepOSTHOCTHYIO AIllIPOKCHUMAIUIO B WQHmH(R), [ > 0 nnsa pere-

Hust 3aja9n Kot (2), UCMoJb3ysi MeTo/Ibl Teopu# OOODIIEHHBIX (DYHKIMH 1 Teopuu

TOYCYHbLIX IIPOIECCOB.

JUTEPATVYPA
1. Ilnamonosa M. B. BeposgTHOCTHOE TIpe/ICTaB/IeHHe perteHus 3aaaxuu Ko /1715 9BOTIONMOHHOTO YPAaBHEHUS C OTIEPATOPOM
muddepeHIIpoOBaHsT BBICOKOT'O OPAIKA. Samucku Hay IHBIX CeMHUHApOB IIOMU. 2016. Towm. 454,
cTp. 92-106.

D. B. Rokhlin (Southern Federal University, Russia)
rokhlin@math.rsu.ru

ASYMPTOTIC EFFICIENCY OF THE PROPORTIONAL
COMPENSATION SCHEME FOR A LARGE NUMBER OF
PRODUCERS'

We consider a manager, who allocates some fixed total payment amount between N
rational agents in order to maximize the aggregate production. The profit of i-th agent
is the difference between the compensation (reward) obtained from the manager and
the production cost. We compare (i) the normative compensation scheme, where the
manager enforces the agents to follow an optimal cooperative strategy; (ii) the linear
piece rates compensation scheme, where the manager announces a reward per unit

IThe research is supported by the Russian Science Foundation, project No 17-19-01038.
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good; (iii) the proportional compensation scheme, where agent’s reward is proportional
to his contribution to the total output. The game, related to (iii) is a special case of
the Cournot oligopoly: [1], and it fits into the extensively studied theory of contests:
see [2].

Denoting the correspondent total production levels by s*, 5 and s respectively, where
the last one is related to the unique Nash equilibrium, we examine the limits of the
prices of anarchy Ay = s*/5, Ay = §/5 as N — oo. These limits are calculated
for the cases of identical convex costs with power asymptotics at the origin, and for
power costs @;(x) = ¢;z®, a > 1 corresponding to the Coob-Douglas and generalized
CES production functions with decreasing returns to scale. Our results show that
asymptotically no performance is lost in terms of A’y, and in terms of Ay the loss
does not exceed 31%.

The case of linear cost functions ¢;(z) = ¢;x appears to be more complex from the
asymptotical point of view, although there is known an explicit expression for 5 in
this case. To obtain a meaningful asymptotic result we assume that ¢; are independent
identically distributed random variables and ¢; > ¢ > 0. Under this assumption our
numerical experiments support the following conjecture: limy_,, Ay = 1, a.s. Also,
the proportion of active players tends to zero.

The talk is based on the on the joint work [3] with A.B. Usov.

REFERENCES
1. von Mouche P., Quartieri F. (editors) Equilibrium theory for Cournot oligopolies and related games. Springer. 2016.
2. Vojnovié M. Contest theory: incentive mechanisms and ranking methods. Cambridge University Press. 2016.
3. Rokhlin D. B., Usov A. B. Asymptotic efficiency of the proportional compensation scheme for a large number of producers.
Preprint arXiv:1701.06038 [q-fin.EC], 2017, 17 pages.

V.N. Rusev, A.V. Skorikov (Gubkin University, Moscow, Russia)
vnrusev@yandex.ru, skorikov.a@gubkin.ru

THE MEAN RESIDUAL LIFE (MRL) OF THE
WEIBULL-GNEDENKO DISTRIBUTION

Cpesiastst octaTovHast HapaboTKa (CpejiHee 0CTaTOUHOE BpeMs Ku3HU - mean residual
life (MRL))
u(t) = M(T —t|T >t)

SIBJISIETCSI MEpOIi IIPOLIECCOB CTapEeHusl B NIPUJIOXKEHUAX TeOPUH Hale:KHOCTH . B pabore
IIPOBOJINTCA UCCIIE0BAHUE CPEJHEH 0CTATOUHON HAPADOTKY I 1By HaPAMETPUICCKOTO
paciipejiesienust BeitOysia—'nejienko. Haitjienbl anajimruieckue rnpejicraBjieHus yepes
HernoJibie ramMa-hyakmn 7y (a, x) , I' (a, ) u runepreomerpudeckyio Gynkimo Kywm-
mepa 1 F1 (a; b; x).
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[Ipu ucnosb3oBanuu npejcrasienuit yepes v (a, x), 1F1 (a; b; x) Bbruucienus , upo-
BeJICHHbIE, KaK ¢ rnoMoInbio nakera Wolfram Mathematica, Tak u makera Maple, mo-
Ka3bIBAIOT HAJMYME OCHMJISIINY 3HadeHnit f(t) npu GOJIbIIMX 3HAYEHUsIX TTapaMerpa
B (=8). lpencrapienne yepes ' (a, ) He jgaer ocrusuisiuio npu BoraucaeHusix. Or-
MEeTHUM, 9TO TpejcTasierne p(t) depes v (a, x) 6u110 m3BectHo [1]. Ograko addext
OCHUJLISIIAY He OBLI OTMEYEH.

Taxke mosydeno npecrapienve ((t) B Buje psijia

N-1 Bk
ot atk!
u(t) =To - E fat)” 1— + Ry (t)
k! 1
— T (k F14 B)

¢ oteHKoit norpemocru Ry (t).
[Tosyweno acumnrornaeckoe npejcTasiaenue s ((t) mpu ¢t — 400, U3 KOTOPOTo, B
GaCTHOCTH, CJICYET

p(t) ~ 55 g>1, (t— 40).

Haiinernbr bopMyiibl Jjist JUCIIEPCHN OCTATOYHON HAPADOTKM:

2y o (at)’ L 2 B 2
o2(t) = 2l -@-F(B, (at))—%-,u(t)—,u(t).
JTUTEPATYPA

1.Nassar, M.M., Eissa, F.H. On the Exponentiated Weibull Distrbution. Communications in Statistics - Theory and
Methods. 2003. Vol. 32, Ne 7, p. 1317 — 1336.

H.B. Cmopoauna (C.-ITerepbypr, Poccust)
smorodina@pdmi.ras.ru

HAYAJIbHO-KPAEBBIE 3AJTAYN B OTPAHUYEHHOII OBJIACTU:
BEPOATHOCTHLIE ITPEJCTABJIEHN Y PEIIIEHNN 11
ITPEJEJIbHBIE TEOPEMDBI

Byner msisoxen HOBBII c110c0O OCTPOEHMST BEPOSITHOCTHOI'O IPEJICTABICHUS Pellie-
HUsI HaYaJIbHO-KPaEeBbIX 3aJad ¢ KpaeBbIM ycjoBueM Heiimamna mjst psia 3BOJIOIUOH-
HBIX ypaBHEeHU# (B dacTHOCTH, Jyist ypaBHenus [Ipéaunrepa) B orpanndentoi obaactu
D na nockocTy ¢ TaiKo# rparuieit 01, OCHOBaHHBIN Ha TOCTPOEHUH CIIEINAIHLHOTO
HPOJOJKEHUsT HadabHOU (QyHKIMKU ¢ objiact [D Ha BCIO IJIOCKOCTH. JIaHHBIN CIIO-
co0 JTaeT HOBLIN TOJX0JI K MOCTPOEHUIO ~"OTParKaloIerocss OT TPAHUIbI BUHEPOBCKOI'O

nporiecca, Brepsbie Beegennoro A.B.Ckopoxomom [1].

JUTEPATVYPA
1. Cxopoxod A. B. Croxacrudeckue ypaBHenus s nponeccos auddysuu ¢ rpanunavu. Teopus BepoaTH. u ee npumen. 1961.
Towm. 6, Ne. 3, cTp. 267-298.
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C.N. Yrumu (Pocros-na-/lony)
uglitch@inbox.ru

YUNCJIEHHBIE METO/AbI B MOJAEJIAX C IIPUOPUTETAMMN!

Pabora BbilosiHeHa B paMKax Hay4dHOW TeMaTuku Kadejpbl BbICIIEH MaTeMaTUuKu
JAI'TY. UccneayioTesd BO3MOXKHOCTY ONTUMUBAINNA KBAa3UJINHEHHBIX MOJIC/ICH, ONUCHI-
BAIOIUX B3aMMOJIEUCTBIE PA3IUIHbIX KOHKYPUPYIOMUX CTPYKTYP € YIETOM CJIydaitHOM
PacCTaHOBKU MPUOPUTETOB CTOPOHHUM JIUIOM — apOUTPOM, ITPUHUMAIOIIAM PeIeHUsT
Ha OCHOBE 9KCIEPTHDLIX PEKOMEHIAIU.

[Tonaraem, 9TO cucTeMa COCTOUT U3 TpeX CTPYKTYP, e KOTOPBHIX BbIPAXKAIOTCH
MOJIOYKUTETLHBIMY HENPEPHIBHBIMY (DYHKIUSIMU KBAa3UJIMHEHHOTO THUIIA:

F; i + b =1,2,3.
J() (;Cljx * > {Zazga:+b>0}‘7 3

IIycrs oj = oj(w) — IPOU3BOJIbHBIE HE3ABUCHMBIE CJIyUaiilible BEJIUIHHDL, ONPe/ie-
JICHHBbIE Ha HEKOTOPOM BEPOATHOCTHOM IPOCTPAHCTBE W IPUHUMAIOIINAE 3HAYCHUA HA
orpeske [0;1|. PacemarpuBaercs cieyiomnias neseBas GbyHKIus apouTpa:

F=E(F" 2 FY) = E(F)E(R") E(F™).

Hajbueiiinme BblYuc/IeHus HPOBOJAATCH B IPEJIIOJIOKEHNM, YTO BCe (/j PABHOMEPHO pac-
npejiesienbl. BBOIATCS HOBBIE IepeMennbIe:

n n n
t1 = E a1ty = E Aj2%i;t3 = E ;3.
i=1 =1 =1
st Mojiesieit co cralidaHapHbIMKU TOYKAMHU, HE Hapyllas OOIHOCTH, MOXKHO CUM-
TaTh, 4TO T3 = —C1t1 — Calo (cl, Co — HEKOTOPbIE TTOJIOKUTEJIbHbIE KOHCTaHTbI) Torna

ti+b — totby—
F(ti,ta) = fi(th) fo(t2) f3(t1, t2), tue fi(t1) = l,ﬁlibl fao(ty) = m f3(t,t2) =
—Clt1—02t2+b3—1
ln(701t1702t2+b3) .
Obaactb onpenenenns ¢gpyuknun F 3agaercsa cucremoit HepaBeHcTB: t1 + by > 0; 19 +

by > 0;—cit;y — coty + b3 > 0. DT HepaBeHCTBa, ONPEIENIIOT B ILIOCKOCTH ti, 19
TPEyTroJbHYIO0 0bsacTh. B joKJ1ae onuchbiBaeTest YUCIeHHOe HAXOXKIEHNe MaKCHMyMa,
dbyukiun F(tq,t2). Hanpumep, nupu snadenusix napamerpos ¢ = 1.5,¢0 = 2,y
1,bo = 1,b3 = 3 makcumym dbyuknun F jpocruraercs npu t1 = 0.435,t0 = 0.0184 u
Frar = 1.902.

1Paora BhImOMHEHA TpU bUHAKCOBOH Moaepykke PODU (npoekt 16-01-00184).
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. B. IlserkoBa (PocroB-na-/lony)
pilipenkolV@mail.ru

KBAHTUJIBHOE XE/IYKNUPOBAHUE CTATUYECKOI'O PEIHKA
CO CYUETHBIM YN CJIOM COCTOSHUM !

PacemarpuBaercst cratudeckuii (1, Z)-pbIHOK, 3aJaHHBI Ha (DUIBTPOBAHHOM IPO-
crpaicree (0, F), F = (.7:;9),16:0, Fo = {Q,0}, Fi = o(By,Bsy,...) — o-anrebpa,
OPOXK JIEHHAsT pa3orenreM () Ha CIETHOE YMCJIO aTroMOB By, Bs, .. ..

Ilycrs Z = (Zk,fk)llg:o — F-agjianmupoBanublii ciydaitHblii mporece (JMCKOHTUPOBAH-
Hasi CTOUMOCTH akiwn), P(Z, F) — MHOX)eCTBO BEpOSTHOCTHBIX Mep P, Jjist KOTOPbIX
cayuaitablii mponece (L, Fr, P)}C:O SIBJIsIeTCS MapTWHTaJI0M. Ecam paccMaTpuBaeMblii
(1, Z)-pblHOK HEINOJIOH, TO Hepexo)| K MOJHOMY OCYIIECTBJISIETCSI ¢ HOMOIIBIO TOCTPOE-
HUS UHTEPIOIAIMOHHBIX PBIHKOB. [IJIsl 3TOr0 paccMOTPUM CIICIUAILHYI0 XaapOBCKYIO
MHTEPIOJUPYIONYIO (DUILTPALHIO

H=(H,)>, (Ho=Fo, H1i =0{Bpn,},Ho=0{Bn,,Bn,}, - Hooc = {Bu,, Bny,--- },
Hoo = F1, {ni}32; — npousBosibHast GUKCUPOBAHHASL I€PECTAHOBKA HATYPAJIbHBIX Y1~
cen). Illycrs P € P(Z,F) ynosnersopser OCYXE [1]|. Tlocrponm mapTuHTagbHyIO
xaapoBCKyo unTepnosuio Y = (Y, H,, P)%, cayqaitnoro nporecca Z CJIeyonmm
obpasom: Yy, = ET[Z; | H,] . Tlosyuennniit ppIHOK, MHTEPIOJIUPYIONIMil HCXOMHbBIH, B-
JISIETCS TTOJIHBIM, T.€. JUIsL JII0O0Tr0 (PUHAHCOBOTO 00SI3aTEe/ILCTBA CYIIECTBYET PEeILIAI-
pyforuii ero camodunancupyeMblii moptdens T = (B, Yn)orq [2]. [lpu npakTuaeckom
pacuére KOMIOHEHT HOPTQess T Mbl OyJeM MCHOJIb30BATh KBAHTUILHOE XEIKUPOBa-

rue. Jjist 57010 10 J1060My CKOJIb YIOJHO MAJIOMY € (TOUHOCTH BBIYUCJICHUS ) OIPE/IeIsi-
N

ercst Braucauresibabiii ropusont N : Y P(B,,) > 1—e. B jnokuaje Oyer npejcrasien
i=1

AJrOPUTM BBIUHCJICHUSA TOPU30HTA [V, a TaKxKe IPOrpaMMHas PEAU3AIAA TOCTPOCHHS

IIPOCTEHRIIETO Xe/2KA.

JUTEPATVYPA
1. Janexany A.I., ITasroe H.B. O6 ocnabieHHOM CBOMCTBE yHUBEPCAIbHOU XaapoBCKOH emuncrsennocru // O6o3penue
NpuKJI. U mpoMsinia. mareMm.,M.: 2004. T. 11. Ne 3. C. 506-508.
2. Ileemxosa H. B., Illampaesa B. B. PacdaéT KOMIIOHEHTOB XeKUPYIONEro mopTdesas ¢ IOMOIIHIO POy Phl XaaPOBCKOMN
narepnonsinun. // Wnrepner-xypnan Haykosenenme. 2013. Ne3.(16). C. 145.

E.T. Yy6 (Pocros-na-lony, Poccust)
elenachub111@ gmail.com

YPABHEHU Y OIIEHBAHU Y NMHEPIIMAJILHOM
HABUTAIIMIOHHOII CUCTEMBI >KEJIE3HOJIOPOXKHOT' O
HABUTAIIMOHHOI'O KOMIIJIEKCA

PaBora bionnena upu dbunancosoi nojpuep:xke POOU (npoekr 16-01-00184).
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[Ipenyaraercs HoBast MeTO/IMKa, OCHOBAHHASA Ha METOJE MOMEHTOB, MO3BOJISIONIA
CYIIECTBEHHO TOBBICUTH TOYHOCTH OIEHUBAHUS WHEPIMAJIbHON HABUTAIIMOHHON CHUCTe-
Mbl KEJIE3HOJIOPOXKHOTO KOoMILieKca. [Ipumenenue meTojia MOMEHTOB K OIPEJIEJIEHUIO
aIlOCTEPUOPHOI TJIOTHOCTU BEPOATHOCTUA BEKTOPa COCTOAHUS WHEPIMAJbHON HaBUTa-
IUOHHOW CUCTEMBI 2KEJIEe3HO/IOPOZKHOIO HABUTAIIMOHHOIO KOMILJICKCA II03BOJIAET CBECTU
pelieHe UCXoHOTO MHTErpo-indepeHImabHOr0 YpaBHEHUs B 9aCTHBIX MPOU3BOJI-
Hbix CTparoHOBUYA K MHTEIPUPOBAHUIO CUCTEMbI OOBIKHOBEHHbIX JuddepeHnnaibHbIX
ypasrenuii [1]. Hasnune cmerranabix MOMEHTOB, BOSHUKAIONUX TIPU PEIICHUH JIAHHOI
3aJlauM, YCTAHABJIWBAET KOPPEJAIMOHHBIE CBA3UW MEXKJy KOODJWHATAMHU BEKTOpa CO-
CTOAHUSA UHEPIMAJBbHON HABUTAIIMOHHONW CUCTEMbI KEJIe3HOJ0POXKHOIO HABUTAIIMOHHO-
ro KOMILJIEKCA, YTO JIeJaeT OTJIUYHBIM IPEJCTABIAACMYIO MOJEIb OT YKE UMEIOIAXC .
12,3]. IIpemyioxkeHHbIii TOMXO/ MO3BOJISAET CYIMIECTBEHHO YIPOCTUTH BBITUCIUTETHHDBIC
3aTpaThl.

JUTEPATYPA

1. Tuzonos B.HU., Xapucos B.H. Crarucrudeckuil aHa/u3 U CUHTE3 PAJUOTEXHUUECKUX ycTpoicTs u cucrem. M.: Paguo u
cBa3b, 1991. — 608 c.

2. Ilozopenos B.A., Yyb6 E.I. Mumvxun A.C. Ucnonb3oBanue pacupenesenuii [lupcona npu cunrese cyGonTUMAIBHOTO
asropurma (GUILTPAIMM MHOIOMEPHOTO MapKOBCKOro npounecca// «Obumue Bonpocsr paamodaekTporuku», st Nel 2014 ¢.149-
156.

3. Iozopenos B.A., Qy6 E.I. Mumwvxun A.C. Ucnonb3oBanue pacupesesrenus IlupcoHa ajs cuaTe3a CyGONTUMAJIBHBIX
aaropurMoB GUILTPAIMY MHOTOMEPHBIX MapKOBCKuUX nponeccos // U3secrus By3os Pamumodusuka 2015 1.58, ¢.244-253.

B. B. IITampaesa (Pocros-na-/lony)
shamraeva@mail.ru

YCJIOBUE HECOBITAZTEHVNA BAPUITEHTPOB HA CHETHOM
BEPOATHOCTHOM IIPOCTPAHCTBE!

Pacemorpum dunbrpoBantoe npocrpanctso (§2,F) ¢ dbunbrparueit F= (Fy, F1), e
.F() = {Q,@}, a]:l = O'{B,’,i eN = {1,2,} . U?ilBi = Q,BiﬂBj = @(Z 7&])}
Lo, e Zy = a, Zy|p, := b;.

Yepes P(Z,F) obosHadum MHOXKECTBO MapTHUHIAJIbHBIX Mep (M.M.) P npornecca Z

Takux, aro p; := P(B;) > 0 (i € N), u 6yzmem ropoputs, uro P € N BC' (ynoBneTBopsi-
o0

Pacemorpum cayaaitastit nponece Z = (Z,, F)

eT YCJIOBUIO HECOBHAJIEHUS OAPUIIEHTPOB), eciiu abCONIOTHO CXOMUTCS P Y | bip;
i=1

u

> bipi > bipj

I J

> pi %:pj ’

I
B canyuaae koneunoit g-anredopnr Fi muoxkectBo N BC' n3ydeHo JTOBOJIBHO MOAPOOHO

VI,LJCN(INJ =0, <|J|)

(em., nanpumep, [1-2]). B uwacrHoctu, B yKazaHHbIX paborax ObLIO YCTAHOBJIECHO, YTO
NBC # @, ecru P(Z,F) # @ u a # b;,Vi. Jlo HACTOSIIErO BpEMEHH BOIPOC O

1PaBora BEIMONHEHA TpH bUHAHCOBOH TIoAepxkKe PODU (mpoexT 16-01-00184).
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Henycrore N BC' B ciiydae CIeTHOIOPOXKJIEHHO# J ocTaBaJjicss OTKPbIThIM. CJiejyomnast
TeopeMa JlaeT YaCTUYHBIN OTBET Ha JaHHLIA BOIIPOC.

Teopema. [lycmv by < a < by < b3 < by < bs < ..., npuuwém b; —b;_1 = b;_1,V1 >
2. Toeda NBC # ©.

BameTnM, UTO ecyim HepaBeHCTBO, onpesensiomiee N BC, BBINOIHSAETCS JIUIIDL JIIsI
rakux I n J, ayist koropwix |I| = 1, a N\ J koreuHo, 1o nosydaem onpejesenne ocaad-
JIEHHOI'O yCJIOBHS HECOBIIQAEHUS OAPUIIEHTPOB 1 COOTBETCTBYIOIIEI'O MHOXKECTBA
W N BC'. Hocrarounble ycioBus, obecnieunBatormue nernycrory W N BC', nosyueHbl B
|2-3].

PesysibraThl, aHOHCHDYEMbIE B JaHHBIX TE3KUCAX, 8 TaKXKe I10JIydeHHbIe paHee B pabo-
tax [1-3], kacaembie MHOKecTB N BC'ut W N BC', ycHemHo ucrnoib3yoTcs TPyl PacIeTax

IIEeH Pa3/IMIHbIX (PMHAHCOBLIX 0053aTeIbCTB U IIOCTPOECHUN XEJPKUPYIOIMNX opTderei.

JUTEPATVYPA

1. Boeanesa M.H., Ilaeaos H.B. // O xaapOBCKUX pACIIUPEHUSX 0e3apOUTPAKHBIX (DUHAHCOBBIX PHIHKOB 10 0e3apOuTpak-
HBIX U HOJIHBIX. Ycmexu mMateM. Hayk, 2002, T. 57, Boim. 3, c.143-144.

2. Ilasaos H.B., Ilsemxosa H.B., Illampaesa B.B. // Hexkoropble pe3yJbTaThl 0 MapTUHTAJIBHBIX MEPAX OJHOIIATOBBIX
Mozesieil (DMHAHCOBBIX PBIHKOB, CBSI3aHHBIE C YCIOBHEM HecoBmaeHus OapurenTpos. Bectuuk PI'VIIC, 2012, N 3, ¢.177-181.

3. asnos HU.B., Ileéemxosa HU.B., Ilampaesa B.B. // O cymecTBOBaHMM MapTHHTAJIBHBIX MED, YAOBJIETBOPAIOIUX OCIA0-
JIEHHOMY YCJIOBHIO HECOBIIQIEHHsI ODAPUIEHTPOB, B CIyYIae CYETHOrO BEPOSITHOCTHOTO TTPOCTPAHCTBA. Teopust BEPOSITHOCTEH 1 eé
npumenennd, 2016, 1.61, spm.1, ¢.173-181.

E.B. Yarovaya (Moscow, Russia)
yarovaya@mech.math.msu.su

OPERATOR MODELS OF BRANCHING RANDOM WALKS AND
THEIR SPECTRAL ANALYSIS !

Nowadays it is commonly accepted to describe stochastic processes with generation
and transport of particles, used in statistical physics, chemical kinetics, population
dynamic studies etc., in terms of branching random walks. We consider a continuous-
time symmetric irreducible branching random walk on a multidimensional lattice with a
finite set of the particle generation centres, i.e. branching sources. Behavior of branching
random walks in many ways determined by properties of a particle motion and a
dimension of the space in which the particles evolve. Despite the probabilistic background
of the problem, the work is essentially deals with functional analytic methods and,
more precisely, with the methods of spectral theory. The main object of study is the
evolutionary operator for the mean number of particles both at an arbitrary point
and on the entire lattice. The existence of positive eigenvalues in the spectrum of
an evolutionary operator results in an exponential growth of the number of particles
in branching random walks, called supercritical in the such case. For supercritical
branching random walks, it is shown that the amount of positive eigenvalues of the

1 This work was supported by the Russian Science Foundation (project 14-21-00162).
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evolutionary operator, counting their multiplicity, does not exceed the amount of
branching sources on the lattice, while the maximal of these eigenvalues is always
simple. We demonstrate that the appearance of multiple lower eigenvalues in the
spectrum of the evolutionary operator can be caused by a kind of ‘symmetry’ in the
spatial configuration of branching sources. We obtain limit theorems for ‘receding’
sources, i.e. in the case when the pairwise distances between sources tend to infinity. The
presented results are based on Green’s function representation of transition probabilities
of an underlying random walk and cover not only the case of the finite variance of jumps
but also a less studied case of infinite variance of jumps.
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Abdulrahman H., Skorokhodov V. A. (Rostov-on-Don, Russia)
abdulrahm.haidar@gmail.com, pdvaskor@yandex.ru

ON ERGODIC BIRESOURCES NETWORKS WITH MAGNETIC
REACHABILITY

Resource network is a graphical model of diffusion proposed earlier in the literature.
Every node of the network stores some amount of «resources. This resource disseminates
through networks according to the specified rules.

We consider ergodic biresource network G with magnetic reachability, and let G’ —
be an auxiliary network of G.

Set of values {¢'(t)} i € [L;n]z, j € [1;k]z, | € {1,2} are called network G status
in the moment £. Each value qg ’l(t) is called the quantity of resource [ in vertex ¢, which
has level 7 of magnetism in the moment ¢.

We define rules of functioning of the biresourse network: for each i € [1;n]z, j €

[1; K]z, 1 € {1,2}
g+ ) =¢'t)— > Flwt)+ Y Flu),

vela]]* vela]]”

where F'(v,t) is a the resource | flow value, which passes through the arc v in the
moment ¢.

Resource allocation methods on the biresources networks with magnetic reachability
are developed in two cases:

— the first resource is the main resource at all.

— the first resource is the main, but with magnetic properties.

Methods of finding threshold value of the first (the main) resource on the biresources
networks with magnetic reachability are developed in case, where both of resources are
independent distributed for each other.

REFERENCES
1. Skorokhodov V. A., Chebotareva A.S. The Maximum Flow Problem in a Network with Special Conditions of Flow
Distribution. Journal of Applied and Industrial Mathematics. 2015. Vol. 9, No. 3. pp. 435-446.
2. Erusalimskyi Ya. M., Skorokhodov V. A., Kuzminova M. V., Petrosyan A.G. Graphs with a non-standard reachability.
Problems and applications (Rus.)/ Rostov-on-Don: Southern Federal University, 2009.

I'. 1. Beagasckmuii (PocroB-na-/lony, Poccus)
beliavsky@hotmail.com

ITPOTHO3 CJIYYANHBLIX COBBITUN. IPUMEHEHUE ONLINE
LEARNING TEXHOJIOIMI!

YccnenoBanue Bemonmeno npu dbuHAHCOBOH momgepxke PODU B pamkax mayumoro mpoexkra N 17-01-00888a
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Hare uccienoBanue ¢BsI3aHO ¢ IPOIHO30M MOTOKA CJIYYaHHBIX COOBITHI B JIUCKPET-
HOM BpeMenu. B ocrose J1060ro mporuosa JIEKUT MaTeMaTHYecKas MOJEIb MOTOKA.
MaremaTndeckass MOJIEIb COJIECPAKUT MapaMeTpPhl, HEKOTOPbIe M3 KOTOPLIX Mbl OTHO-
CHM K HEOIIPEJICJCHHBIM MapaMeTpaM IO IIPUUUHE TOTO, 9TO CTATUCTHICCKUE METOJbI
HE [I03BOJIAIOT HaiiTH XOPOIILYIO OICHKY, HAIIPUMED, U3-3a OTCYTCTBUS CTAIlMOHAPHOCTH
WM M3-33 HeJ0CTaTodHOro obbema Buibopku. ObozHaunM depes M MHOXKECTBO MO-
JleJieil, KOTOpbIe MOTYT y4acTBOBaTh B OIMCAHUM 1IOTOKA. IIpejicKazanue 1moToka Ciiy-
YailHBIX COOLITHS SKBUBAJECHTHO MPEJICKA3AHUIO CIYYARHON OCIeI0BATEILHOCTH Y,
cocTosieil n3 nyseil u egunnl,. EJuHnna cooTBeTCTBYET HACTYIICHUIO CIIYYaiiHOTO CO-
ObiTust. [Ipejckazanue ciydaifHoro coObITHs 3aKII09ACTCHA B BLIYMCJICHUH TPOIHO3HOM
BEPOSITHOCTH HACTYTLIeHUsI corydaitnoro coobitust pr = P(Y; = 1/F;_1). Ms1 Oyjem uc-
moJib30BaTh croxacruaeckuit 6asuc (Q, (Fi)i>o, F, (P)ien), (1—MHOXKeCTBO OHHAPHDBIX
nocJsiesioBaTesibHocTel, guiasrpaius F; obaajaer cranJapTHLIM HabOpOM CBOWCTB 1
KaxK/|asl U3 MOJieJiell IOPOXK/IaeT BEPOsiTHOCTHOIO Mepy Ha curma ajredpe F. Ycios-
Hblii 3ak0H pacnpejenenns L;(y:/Fi_1), TOpoxKIaeMblii MOJIENBIO i, OMPEIEISeTCs Be-
posraoctHoit dynkuueit p;(yi/Fi—1) = (¢is)? (1 — q;0) ¥, y, € {0,1}. Yuacrsyiomas
B ONPEJICJICHIN CJIydaifHas BeJMdnHa IpejicKasyeMa: ¢;; € Fy_q.

MpbI paccmaTpuBaeM 3a7a4y BLIYUCICHUs IIPOTHO3HON BEPOATHOCTH KaK 3aJa9y CO-
[JIACOBaHMs MHEHUil dKcrepros. g corsacoBanna MHEHHN pa3pabOTaHbl CIICIAAb-
Hble MeTOJIbl, 0ObejinHenHbie 00nM HassanueM online learning [1,2]. OcroBrast e

3aKJ/JII04YaCcTCA B aJlallTalliid METOJ0OB Ha Cﬂyqaﬁ OECKOHEYHOIO MHOXKECTBA 9KCIIEPTOB.

JUTEPATVYPA
1. Lugosi G. Lecture on prediction of individual sequences/ Presented at 2001 a Statistics Odissey center Emil Borel, Institute
Henry Pascal, 92 p.
2. Cesa-Bianchi N., Lugosit G. Prediction, learning and games. Cambrige university press, 2006, 407 p.

H.B. Boes (Pocros-na-/lony, Poccust)
boyev@math.rsu.ru

K OIIPEAEJIEHUIO HAJINUYNS YACTUYHBIX OTCJIOEHUN
CHUCTEMBEI TBEPIBIX IITAPOBBEIX BKJIIOUEHUN OT VIIPYION
MATPUIIBI METAMATEPUAJIA?

Ob6pazer umeer popmy Kyba U U3rOTOBJIEH U3 METaMaTepUaJia, COCTOAIIEIO U3 YIIPY-
roif MATPUIIbI, ¢ TBEP/ILIMU IAPOBBIMU BKJIIOUEHUSIMHU OJIMHAKOBOTO PAJINyCa, TEHTPHI
KOTOPBIX PACIOJIOXKEHBI B y3/1aX TPOSIKOTIEPUOINTECKONH CETKU C OJWHAKOBBIM ITAarOM
[0 BCEM TPEM HAIPABJIEHUsIM €CTECTBEHHO CBsi3aHHBIMK C pebpamu M TpaHsiMu KyDa.
[To mpoekTy BKJIIOUEHUS JOJKHBI ObITH »KECTKO CIIeIJIEHHBI ¢ yIpyro# marpuneit. O;1-
HAKO MPU M3TOTOBJEHUU MeTaMaTephuaJa BO3IMOXKHO 00PA30BAJIUCh OTCJIOEHUS Iapo-
BBIX BKJIIOUEHUI OT ynpyroil marpuiibl. s Kax ot w3 Tpex map mpoTHBOTOI0KHBIX

2Hcenenopanus IpoBeIeHkl Ipy bHHAHCOBOH moamepsxke Poccuiickoro Hayumoro ®onma, rpant Ne 15-19-10008.
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rpaHeil Kyba MpOBOJATCS CJIEYIONINE SKCIIEPUMEHTBI: ¢ OJJHON W3 3TUX I'paHeil B KyO
BBO/ISITCS OJMHAKOBBIE MMITYJILChI C TOHAJLHBIM 3alOJHEHNEM HECKOJLKUMU MePuo/ia-
MU IJIOCKO#W BBICOKOYACTOTHON, MOHOXPOMATUYCCKON TPOJAOJBLHON yIPYTroil BOJIHBI, a
Ha TTPOTUBOIIOJIOKHON IpaHu TPUHUMAETCS TPOTITeIIast MpooabHad BoHa. [IycTs u3-
BECTHDBI PE3YJIbTAThl IIPAKTUYECKUX U3MEPEHUl IIepeMelleHuil B IPUHATHIX, Ha IIPOTU-
BOIOJIOYKHBIX TPaHsAX Ky0a, uMmityjibcax. [1o mpuHATHIM 11ecTr uMITyJibcaM HaJl0 Olpe/ie-
JINTh, BO-1I€PBbIX, HAJIMUYUE OTCJIOEHUN U, BO-BTOPbIX, UX MECTOIIOJIOXKEHUE B 00paslie.
Pemenne obpaTHOl 3ajJad OCHOBAHO Ha, PEIICHWHW MPSMON 3aJadd O MPOXOXKJICHUN
IIJIOCKO# YTIIPYyTO#l TTPOJIOJILHOI BOJHBI Y€pPe3 TPOAKONEPUOJANIECKYIO CUCTEMY TBEP/IbIX
I1aPOBbIX BKJIIOUEHUH, HAXO/AIIUXCA B KyOe 6e3 orciioenuii. Teopernieckue pacyerbl
MPOBOJIATCA METOAAMU KOPOTKOBOJIHOBOW JU(PAKITUU YIIPYTUX BOJH B JIOKAJbHON TO-
CTaHOBKE C y4eTOM MHOT'OKPATHBIX II€peOTparKeHuil BOJIH Ha CUCTEMEe TBEpP/bIX IIapo-
BbIX BKJIHOUeHuii. Fcim orcyioenunit B 0bpasie HeT, TO OTKJIOHEHUS PE3yJIbTOB TEOPeTH-
YECKUX PACUYeTOB U IPAKTUYECKUX U3MEPEHUI MUHUMAJbHbIE. B cilydae pacxoxieHust
9TUX PE3YJILTATOB JIJI OIIpeIesIeHUsT IPOCTPAHCTBEHHOIO MECTOIIOOXKEHU OTCJIOCHUA
COBMECTHO aHaJM3UPYIOTCA U COTIOCTABJISIOTCS OOJACTH PACXOXKICHUS PE3YIbTATOB Ha,
KaxKJIOM U3 IIeCTU IrpaHeil nmpruemMa UMIyJIbCca.

A. O. Barynbsau, 1. B. I'ycakoB (Pocros-na-/lony, Poccust)
vatulyan@math.rsu.ru, gusakov.dv@yandex.ru

NCCJIEJOBAHUE BOJIHOBHIX IIOJIEI B HEOJJHOPO/JHBIX
ITOPUCTOVYIIPYT'UX BOJIHOBOJIAX

B pamkax mopesnu nopucroynpyroctu Buo [1] pacemorpena 3a/1a1ua 0 BbIHY K ICHHBIX
KOJIEDAHUSAX HEOJIHOPOJIHOIO 10 TOJIIIMHE TOPUCTOYIPYToro cjos. IIpejjoxen mero
LIOCTPOEHUSI BOJIHOBBIX 1I0OJIEH B CJIO€ 110J1 JEHCTBUEM HAIPYy3KU JJIsi IIPOU3BOJILHOI'O
BIJIA, TIOIIEPETHON HEOIHOPOJIHOCTHA MaTepHaJbHbIX XapaKTePUCTHUK.

Perienne crponTest ¢ moMoInbio nHTerpajgbHoro mpeodbpazosanue Oypoe. s nosy-
YEeHHON KpaeBoil 3ajia4u Jijisi cucteMbl JuddepeHnnaibHbIX YPaBHEHUH B TpaHcdOp-
MaHTaX MIPOAHAJU3UPOBAHBI OEpATOPHLIE IIYUKH, 3aBUCSIIIHE OT JIBYX apaMeTpOB,
HCCJIeJI0OBaHa CTPYKTYypa 0COOOI0 MHOXKECTBa, CPOPMYIUPOBAHBLI BCIIOMOIaTe/IbHbIE 32~
nagau Komm, a obiee perenne 1mocTpoeHo B BUJE JIMHEHHBIX KOMOMHAIMA pereHnii
BCIIOMOTaTeJIbHBIX 3a/a4 Kolu, Haiijierbl MepOMOPQHBIE [TepeIaTOuHbIe (DYHKIIAN.

[lepemernienns BBIUUCIAIOTCS IyTeM obpailiieHus npeodbpazoBanus Pypowe. [lomyuen-
HbIE B pe3yJibTare TaKOoro oOpallleHusl HHTeI'PaJibl MOI'YT ObITh BHIYUCICHBI KAK IPIMbIM
YUCJIEHHBIM MHTEIPUPOBAHUEM, TaK U IPK IOMOIIU Teopur Bblueros. s npuMenenms
TEOPUU BBIUETOB HEOOXONMMO 3HATDL MOJIOXKEHHE 0COOBIX TOUEK MepeJaTOYHBIX (DYHK-
Ui, WM KOMIIOHEHT JUCIIEPCUOHHOI0 MHOXKecTBa. HaxoxKieHue Takux ToUeK OCHOBAHO



«Table of contents»
Bioinformatics and Mathematical Modelling 154

Ha (POPMYJIUPOBKE HOBOI CIEKTPaJIbHON 3aa4ui U ee aHaJM3e,

CpaBHeHne pe3yabTaToOB PACIETOB BOJIHOBBIX MOJIEH, TOJIYUYEHHBIX MPSIMbIM UNCJIECH-
HbIM MHTErPUPOBAHUE U IIPU [IOMOIIUA TEOPUU BbIYETOB, I0KA3aJ10 XOPOolllee COBIaeHUe.
[Ipu 5TOM MCIIOIB30BaHNE TEOPUHU BBIUETOB OKA3aJI0Ch Ha MOPsIOK AhHeKTUBHEE ¢ TOU-

KW 3PEHUs BPEMEHHBIX 3aTpPaT.

JINTEPATVYPA
1. Biot, M. A. Generalized Theory of Acoustic Propagation in Porous Dissipative Media. The Journal of the Acoustical
Society of America. 1962. Vol.34. P.1254-1264.

JI. P. I'epuu (Pocros-na-/lony, Poccust)
lgervith@gmail.com

ABTOMATNYECKOE PACITAPAJIJIEJINBAHUWUE YNCJIEHHBIX
METO/J0B PEIIIEHNSA 3AJJAY MATEMATUYECKOI ®M3UKN

Yucyienubie METOJIbI PEIIeHUs 3a/1a4 MaTeMaTudecKoil pU3MKU MOTYT UMETh TaKylo
BbIUUCJIUTE/IbHYTIO CJIOXKHOCTDb U TAKOH 00'beM JIaHHbIX, 4TO IPOU3BECTH UX PACUeT I1Pe/i-
CTaBJISIETCS BO3MOXKHBIM TOJBKO Ha CyNEPKOMIBIOTEPE C COBPEMEHHOU apXUTEKTYPOI.
[TosTomy B HacTosIee BpeMs pacHapaJjiieiiBanne sBJISeTCs OJHUM U3 HauboJiee -
deKTUBHBIX CIIOCOOOB pacyeTa YUCJIEHHBIX METOJOB.

Ho mporpammy HeTOCTATOTHO TPOCTO 3AMYCTUTDH Ha cymepKoMIbioTepe. g noctu-
JKeHWST MaKCUMAJILHOTO YCKOPEHUs ee HeoOXOMMO paciapaJjie/inTh. PacnapasienBa-
HUE MPOrpaMMbl JIJIsT 3allyCKa, Ha, CYTIEPKOMIThIOTEPE — HelpocTas 3a/a4a, a 3PpPeKTuB-
HOe pacnapaJuiesiuBanue — enie bosiee Herpoctasi. Hanpumep, pazmerienne JaHHbIX C
[EPEKPLITHAME MO3BOJISIET YCKOPUTH MapaJiiesbiblii aaropur™ eme Ha 30%, HO KoJu-
YeCTBO HAITMCAHHOTO KOJIa MPY 3TOM yBeJmduBaeTcd B 1.5 pas.

st perienust JaHHON 1POOJIEMbI TTPEJIJIAraeTCs UCIOJIb30BaHUEe aBTOMATUIECKOIO
paciiapaJiiesiuBanus. [IporpamMmmuct pazMedaer 110C/IE0BATE/bHbIT KOJI ClielralIbHbI-
MU TIparMaMy, a KOMITUJISATOP Mpeodpal3yeT KoJl ¢ parMaMi B TapaJsiebHbIi.

ABromatudeckoe pacrapaJuiesinBanue peajn3opano B Onrumusupytoreit Pacrapadi-
nenuBatorieit Cucreme u 1Mo IepKUBaeT JOMOJTHUTEIbHBIE ONTUMU3AINN 1 HECTAHIaPT-

HbI€ pasMeieHusd JJaHHbIX.

JUTEPATVYPA
1. I'epsuw JI. P., Kpaswenxo E. H., IIImetinbepe B. 4., IOpywkun M. B. ABroMaTH3anus pacnapaJjule/IMBaHus IPOrPaMM C
6st0anbIM pa3memenneM qarHbix // Cub. xypH. Borauca. marem. 2015. T. 18, Ne 1. C. 41-53.
2. Yemsepywxun B. H., fxoboeckut M. B. BorancanreabHble aJTOPUTMBL M OTKA30yCTONYIHNBOCTD MUIEPIK3A(DIONCHBIX BBI-
uncanTesabHbix cucreM // Hoknaner Axkamemun mayk. 2017. T. 472, Ne 1. C. 1--5.
3. Onmumusupyrowas pacnapasresusarowan cucmemas URL: http://www.ops.rsu.ru (nata obpamenna: 31.03.2017).

KBASUCTAIIMOHAPHBIE CIIMPAJIbBHBIE MO/IbI B
KPOBEHOCHOM COCVYJE B. A. I'erman (Pocrtos-na-/lony, Poccus)

vagetman@sfedu.ru
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WcenenoBanmst BOTHOBBIX ITPOIECCOB B KPOBEHOCHBIX COCYIaX aKTUBHO ITPOIOJIKAIOT-
cs1, HAUMHAsT CO BTOPO# MOJIOBUHBI JIEBSTHAIIIATOTO CTOJIETHsI. BriepBbie ObLIN paccun-
TaHbl JIIMHHDBIE TIPOJIOJIbHBIE BOJIHBI 110 JUHEWHON Teopuu B MUJIMHJPE, OTPaHnYeHHOM
yIpPyTroit 060J0UKOi. 3aTeM BO3ZHUK BOIIPOC pacieTa CIUPaJIbHBIX ABUXKEHUN B COCY/IaX.
Ormerum pabornl Yeruaosa FHO.A. 1o mcciie1oBannio CBOWCTB JIJIMHHBIX CIHHPAJIbHBIX
BOJIH B KPOBEHOCHBIX cocy/iax. V3BecTHO, 9TO JJIMHHBIE BOJHBI PACIPOCTPAHSIIOTCS Ha,
doHe cTanmoHapHOro 1OTOKA, KOTOPbI MOXKET MOJE/JIUPOBATHCs JTUOO M3BECTHBIM Te-
yenueM Ilyaseiiss, OO0 paBHOMEPHBIM IIOTOKOM. DKCIEPUMEHTAJbHbIE UCCJIeI0BAHNA
MoKaz3aJn, YTO CTAIMOHAPHBIN MOTOK WMeeT MOCTOSTHHYIO CKOPOCTh B OKPECTHOCTU OCH
cocylia u (popMHUPYyeT IHOrpaHUYHbIe BOJU3M CTEHKHU ITOTO cocyja. Kpome JIMHHBIX
BOJIH B COCYJIaX PACIPOCTPAHSIIOTCS JJIMHHBIE 1 KOPOTKUE CIUpaJbHbIE BOJHBI. OTMe-
THM, YTO JUIMHHBIE CIUpaJbHbIE BOJIHBI OEIyT B TOHKOM IIOI'DAHUYHOM CJIO€ BOJIM3U
crenku cocyjia. Koporkue crnivpaJibHbIe BOJIHBI 3aIOJIHAIOT BCE TOTIEPETHOE CeUEeHUEe CO-
cysa. KpoMe crmpaJibHbIX BOJIH B COCYJI€ MMEIOTCsI KBa3UCTAlMOHAPHbBIE CIIMPaJIbHbIE
MOJIbl, KOTOPBIE B IIEPBOM HPUOJUXKEHUN He 3aBUCAT BpeMeHnu. OTMETHM, UTO IepBasd
KBa3UCTAllMOHAPHAA MOJIa He U3MeHseT HallpaBJIeHUs BPAIEHUs KUJIKOCTH.

B jokitajie nocTpoeHbl aCUMIITOTUYIECKHIE PA3JIOXKEHUsT KBAa3UCTAIlMOHAPHBIX MO/l Ha,
ocHOBe HesinHeHbIX ypaBHeHuii Haphe-CTokca. [1aBHOE TpHOIMKEHNE YIOBIETBOPSIET
KpaeBoii 3ajiade Jijisl JIMHEapU30BaHHOTO NI epeHITnaJ bHOIO YPaBHEHNS B JaCTHBIX
MPOUBBO/IHBIX, KOI(MDDUIIMEHTHI KOTOPOI'0, 3aBUCAT OT MPOJAOJILHON U paInajibHON KOM-
[HOHEHT CKOPOCTHU JJIMHHBIX BOJH. OTMETHM TaK»Ke, UTO 3TO YPABHEHUE COJEPIKUT JIBA
MaJIBIX ITapaMeTpa, UMEIONINX pas3Hblil (pusnyuecknii cMbicy. B pabore 3T nmapameTpbl
CBsA3aHbI JIMHEHHON 3aBUCUMOCTBIO. B Hy/eBOM NpHOJIMKEHUM IIOJyYEeHO CTallMOHAD-
HOe perieHre, KO3(PDUIMEHThI KOTOPOI'O ONPEJIEIsAIOTCS U3 YCJIOBUS TTEPUOJIUIHOCTH
110 BpEMEHM pelleHuil KpaeBoil 3aja4u B 11epBoM npubskennn. Pelienue B riiaBHOM
HpuOIMXKeHUN HalijieHo ducjeHHo. [loyyuena oreHka BKJIaJa B penieHne or (pyHKIUI,
OTUCHIBAIOIINX TOrpaHrdHbie cjou. [lokazano, 4To B r1aBHOM NPUOJIMKEHUN HYJIeBast
KBa3nuCTalMoOHapHas MOJA HE 3aBUCUT OT BPEMEHW W He W3MEeHsieT HallpaBJIeHhe Bpa-
IEeHUs XKUJKOCTU B COCY/IE.

MOAEJINPOBAHUE IMEIIN ITOCTABOK TOBAPOB
JI. B. Kapramesa (Pocros-na-/lony, Poccus)

kartasheva@mail.ru

YipapjieHue NelsiME [IOCTaBOK - 9TO MHTeI'PaJIbHBIA [10X0J1 K OU3HECY, pacKpbIBaio-
muit pyHjaMenTaabHbie IPUHITUIIBL YIIPaBJIeHus B jorucrudeckoit menu. Henb yripas-
JIEHUS TEMsIMHU TOCTaBOK COCTOUT B MHUHUMM3AIUU OOIUX JIOTHCTUUECKUX U3JIEPIKEK
IIPU YJAOBJETBOPEHUH JIAHHOIO (pUKCUPOBAHHOIO ciipoca. [Ipu mocTpoeHnu Moesun Jijis
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perreHnsl KOHKPETHBIX MPo0JeM IJIAHUPOBaHUS MOXKHO HMCCIE0BATH JIMMIb YacTh 00-
el e MocTaBOK KOMIAHWKU U CBABAHHBIX C Hell u3Jiep:KekK. Y IpaBJeHYeCKUe pe-
IIeHUs O MU [MOCTAaBOK U CIPOCE TaKXKe OUYEeHb TECHO CBA3aHbl C KOPIOPATUBHBIMU
(GpUHAHCOBLIME PEIIeHUSIMU, OCOOEHHO NIPH IIJIAHUPOBAHUHU cTpaTernn (pupmbl. [1osTo-
My KOMIIQHHM PACCMaTPHUBAIOT ONTUMU3AIMOHHBLIC MOJIE/IH JiJisd aHaJm3a (hUHAHCOBBIX
perienuii. Jlannbie Mojiei MOTYT ObIThH MOJHOCTHIO WHTEIPUPOBAHBI B JIOTUCTUYECKUE
mojiesin. B pabore naitjiena 1eseBast (yHKIMUS 3aBUCUMOCTU HPUOBLIU OT OCTABOK.
[TokazaHo, 4TO MOCTaBKa TPETHErO BUJA TOBAPOB He jaeT npubbliu. IIpeanpusarue uc-
MOJIB3YeT CKJIAJICKYI0 (popMmy 3aBo3a ToBapa. C MOMOIIBIO METOJIOB ONTUMU3AINNA Pe-
aeTcs 3ajiada O pa3MelleHusl TPeX BUJIOB YIJIsd 110 TPEM CKJIiajaM ¢ MUHUMaJbHbIMU
U3EP>KKAMHU. 3aTeM YroJib HEOOXOMMO TIOCTABUTH ¢ TPeX CKJIAJI0B Ha 3aBOJIbI B MSTh
Pa3HBIX T'OPOJIOB B Pa3HbIX TpeOYEeMbIX KOJinuecTBaX. PaccuuThiBalOTCS MUHUMAJIbHBIC
CTOUMOCTH 3aTpaT Ha MepeBo3Ku 06e3 PazdUBKKM TOBAPOB Ha T'PYIIILI U ¢ pa3O0UBKON TO-
BapoB Ha rpyiibl. OKa3aaoch, 9T0 CTOMMOCTH MEPEBO30K B 1epBOM ciydae - 34638,6
py6Jieii; a Bo BropoM - 34647,6 Komnanuu, KoHeUHO, BbINOJIHEE [I€PEBO3UTH TOBap Oe3
pas3sOUBKH Ha I'PYIIILI TOBAPOB, HO IIPU 9TOM TpebOBaHUs 3aKa3UMKOB HE BBIIOJTHSIIOTCS.
Hesnauuresnbhas pasuuna (34647,6 -34638,6—9) ybe uT KOMIAHUIO, YTO CJe/IKa BCE —
TaK! BBITOJHA.

E. A. JlykbauoBa (r. Cumdepomnosas, Poccus)
lukyanovaea@mail.ru

IIPUMEHEHUME KOMIIOHEHTHBIX CETE! IIETPU B
OKPECTHOCTHOM MOJAEJINPOBAHNN

B mactosiiee BpeMsi KJIacChl OKPECTHOCTHBIX Mojesieil 1], mosydeHHbie Ha OCHO-
Be cereii [lerpu, a3dpdeKTUBHO UCHIONBL3YIOTCS JIJIsl TOCTPOCHUSI MATEMATUICCKIX MO-
Jlesieil IMHAMUYeCKNX TTPOU3BOJICTBEHHBIX CUCTEM U PelleHus 3aJad JIOCTHXKUMOCTH.
Mcnonb3oBanue npu MOJCIUPOBAHNN CJOXKHBIX CHCTEM KOMIIOHEHTHBIX cereil [lerpn
|2] mo3BOMISIET COXPAHATH UCXOAHYIO MOJYJIBHOCTH HCCJIEyeMON CHCTEMbI W MOJTydaTh
PEJLyIIMPOBAHHYIO MOJIE/IL CUCTEMBI CTPYKTYPHO MOJIOOHYIO CaMOii CHCTEeMe.

Paccmarpubaercss BO3MOXKHOCTL COBMECTHOI'O MCIIOJIL30BAHUS CJIEJYIONUX UHCTPY-
MEHTOB JIJI1 MOJICITUPOBAHNA CJIOKHBIX apaJJICTbHBIX 1 PACIPEICJICHHBIX CUCTEM: OKPECT-
HOCTHBIX CHCTeM [3| 1 KOMIIOHEHTHBIX cereii [leTpu, BIABIAIOTCS My TH UCTIOIH30BAHS
MOJICJIUPYIONIMX OCOOEHHOCTE KOMITOHEeHTHOI cetu Ilerpu npu Kinacrepusanyuy OKpect-
HOCTHOU cucrembl [4].
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ON THE MODELLING OF A WATERCOURSE BASED ON REDUCED
3D MODEL

Some further results of research [1] are presented. Main goal of the study is to provide
simplified 3D mathematical model for hydrodynamics of shallow open shear flows and
to testing them. This model can be applied to natural streams like rivers and channels.
The distinctive feature of such watercourses is a considerable difference in sizes of their
length, width and depth. For example, the ratio between the characteristic depth and
width for a typical lowland river varies from 1:10 to 1:200.

We consider an open turbulent flow of incompressible viscous fluid in the section of
river or channel. The river-bed is assumed known and weakly curved. Also the stream
is assumed lengthy and shallow. So, the geometry of the considered part of the stream
can be described by known functions smooth enough. Also the length of this section of
a channel is large with respect to its width, and the width of this section is large with
respect to its depth.

As a result a mathematical model is derived by means of small parameters technique.
Starting from the original 3D Reynolds equations for the incompressible fluid, coupled
with the Boussinesq turbulence hypothesis we come to a recurrent sequence of the
boundary-value problems for quasilinear PDEs. The starting system in this recurrent
sequence is called the reduced 3D mathematical model of watercourse.

The numerical results show that this reduced 3D model adequately describes the
hydrodynamics of natural streams. It provides acceptable accuracy and allows the
improvements by means of applying the recurrent correction procedure.

The reduced 3D model take into account the cross-structure of a stream. This is
a strong particular feature of the proposed model. That allows us to study the flow
in a channel with varying width and depth more accurate than by utilizing the on-
depth-averaged models. For example, we can catch the phenomenon of occurrence the
opposite flow in a near-surface region, which may be caused e.g. by means of the wind
action.
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ITPOJIBUHYTHIE HEMPOCETEBBLIE MO/JIEJIN /1 PEIIIEH Y
3AJAY PACIIOSHABAHUIS OBPA30OB!

B nmocieame rojia 3HAYMTENLHDBIH TPOrpece B 00JACTH KOMIIBLIOTEPHOTO 3PEHusT ObLT
JOCTUTHYT C HpUMeHeHreM HefpOoHHbIX cereil. CoBpeMeHHbIe HeipoceTeBble MOJIEH
JIOCTATOYHO YCIEIIHO ObLIM BHEAPEHLI B Pa3IMuHbIe NPUIOKEHKs MOUCKa 110 U300pa-
YKEHUsIM, 00pabOTKM PEHTICHOBCKUX CHUMKOB U ADP. MOXKHO BbIJIECJIUTH TPU OCHOBHbBIX
THUIA 3aJ1a4, KOTOPbIE PEIIaroTcs MPU PAaCHo3HABAHUU OOpa30B: 3ajada KaacCuguKa-
MM 1300pasKeHnil (BBIXOJL CETH - HOMED KJIacca), JeTeKTHPOBaHWe 0OhEKTOB (BHIXO[
CeTH - KOOPJMHATHI 00bEKTa U HOMEp KJIacca, K KOTOPOMY OH OTHOCHTCSI ), CerMEHTAIH st
(BBIXOJT CETH - MATPHIA METOK CEIMEHTOB 00bekTa). B mabsmie HizKe TpecTaBIeHbl
HanboJiee U3BECTHbIE HePOHHBIE CETH JIJIsl PeIleHus MOM00HBIX 3a1aM.

Knaccudukarus JleTeKTpoBaHNIE CermeHTanus
VGG 16 Faster R-CNN SegNet
Inseption V2, V3 R-FCN U-Net
ResNet-101 SSD PixelNet
Inseption ResNet V4 | YOLO FC-DenseNets

B ocHoBe Bcex mnpejicTaBeHHBIX apXUTEKTYD JieXKaT CBEPTOUHbIE HEHPOHHBIE CETH.
[Iepsasi rpymma cereit mo3posisier 3(pMEKTUBHO IPOU3BOJIUTH U3BJICUEHUE ITPUBHAKOB U
KJaccupunupoBarh n3obpaxkenns. CeTu BTOPOi IPYIIILI ABJSIOTCS COUeTaHUEM JIeTeK-
TOPa U CBEPTOYHON CETH, II0ITOMY BO3MOXKHO KOMOMHUPOBaHUE JII0OO# ceTH U3 MepBoii
IPYIIIbL ¢ MeTa-aaropurTMom JjierekTopa [1]. OcobeHHOCTHIO oCeHEel IPYIIIbI SBJIsI-
eTcst MpUMEHEHVe TOJTHOCBSI3HBIX CBEPTOUHBIX cereii [2].

CrouT Tak»Ke OTMETUTH, YTO BO3MOXKHOCTb CBEPTOUYHOI HEHPOHHOH CeTH M3BJIEKATH
MHBAPUAHTHBIE IPU3HAKHU B N300PAXKEHUSIX [TO3BOJISIET YCIIEITHO TPUMEHSIThH UX He TOJIhb-
KO B 3a/1a4aX KOMIILIOTEPHOI'O 3PEHMsI, HO U B 3a/ia4aX 00pabOTKU €CTeCTBEHHOI'O SI3bIKA,
[IPOrHO3UPOBAHUN BPEMEHHBIX PAJIOB U JIP.
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