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O.T. Ascaakun (Pocros-na-/lony)
avsyanki@math.rsu.ru

OIIEPATOPEI MYJIBTUIIJINKATUBHON JUCKPETHON
CBEPTKUN C OCIHMJIJINPYKOIIINMHN KOO PUITMEHTAMMN

B npoctpancTse {5 paccMOTPUM OIIepaTop MYyJbTUILIMKATHBHON JUCKPETHON CBEpT-

KH
¢

(Ho)m =Y k(m,n)g,, meN,
n=1
rie ¢ = {p, 12, a byukius k(x,y) onpenenena na Ry x Ry u ymoBiersopsier ciie-
JYIOTIUM YCJIOBUSIM:
1° k(ax, ay) = a tk(x,y), Va > 0;
2° |k(1,y)|ly~"* € Li(R,);
3° |k(1, y)|y"/? umeer na R, orpanmueHHoe M3MEHEHHUE.

O6o3naunM depes A vanmenbinyio C*-noganredpy C*-anrebpsr L({3), comepxantyo
Bce oneparopnl Buga Al + H + K, tne A € C, a K — xommnakTHbIi B fy omeparop.
HaJjiee, onpenesm B ipocTpancTse £y oneparop M, rie a € R, paBencrsom

(Myp)n = nio‘gon, n € N.

Ilycts B — C*-anrebpa, mopoxjgennast BceMu omeparopamu A m3 aareOpor A u
Becemn oneparopamu M,. st aaredpwr 2B MOCTPOEHO OMEpaTOPHOE CHMBOJIUIECKOE
UCUYUCICHNE, B TEPMUHAX KOTOPOI'O IOJIYUYEeHbl HEOOXOAMMbBIE U JIOCTATOYHBIE YCJIOBUS
HETEPOBOCTH OIIEPATOPOB U3 STOH aJredphI.

Ha ocnose uccnenopanns C*-ajnredbpol 2B s ommepaTopoB BHIA,

B=1I+H, + M,H,

e Hi u Hy — oneparopbl MyJIbTUIIMKATUBHON JUCKPETHON CBEPTKHU, 1OJIyYeHO (-
bekTHBHOE CKaJISIPHOE YCIOBHE HETEPOBOCTU U (POPMYJIA JIJIsT BBITUCICHUS UX WHJIEKCA.

A. Almeida (Aveiro, Portugal)
jaralmeida@ua.pt

APPROXIMATION IN MORREY SPACES

We introduce a new subspace of Morrey spaces where the approximation by nice
functions is possible. Consequently a description of the closure of the set of all infinitely
differentiable compactly supported functions is given in Morrey spaces.
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A.B. Anronesuu (Benocrok, Musck)
antonevich@bsu.by
A.H. I'maz (MwuHck)

anna-glaz@yandex.ru
KBASUITEPUOINYECKUE AJITEBPHL 1 X ABTOMOP®U3MBbI

Kpasunepuounueckast aarebpa ecTh 3aMKHyTas mojaarebpa A B mpocTpaHncTBe orpa-
HIUdeHHbIX DyHKImMi Ha R, M0pOXK IeHHAs] KOHEUHBIM YHCIIOM SKCIOHEHT e/2™ <> e
x € R" h; € R", u < hj,x > ckajspHoe 11pou3Be/ieHue.

Ilycrs 3amana kBazunepuogundeckas aarebpa Ay ma R™ u orobpaxenne o : R™ —
R™.

OcHOBHOI BOIIPOC: JIjIsT KAaKUX OTOOparKEeHN (v HauMeHbIlast HHBapUaHTHAas aJjredpa
A, comepxarast Ajy, TakKe Oymer KBasuneproanieckoin? B wacranoctn, Kakue oTobpa-
JKEHUs (v TOPOKIAI0T aBTOMOP(U3MBI 3a/IaHHOI KBa3UIIEPUOUIECKON airedpol? DTu
BOTIPOCHI BO3HUKAIOT TP MCCIEOBAHNN OTEPATOPOB B3BEITEHHOTO CJBWUTA, TPH MOCTPO-
CHUYM CKPEIICHHBIX TPOU3BEJICHUN U B TEOPUN KBA3UKPUCTAJIIOB,

Marpuria () Ha3bIBaeTCA an2ebpauieckoti edunuet, eCiau CyIecTBYeT IOJUHOM
N

P(t) = > aptt, rie ay, nemvie, ay = 1, a9 = £1 Takoii, aro P(Q) = 0.
k=0
Teopema 1. Haumenvwas 3amknymas 06ycmoponne uH8apuaHmmas nodaszebpa
A, codeporcawsan Ay, asasemea keasunepuoduueckoti mozda u moavko mozda, x020a
omobpasicenue npedcmasasemes 6 sude a(r) = Qr+@(x), 2de mampuuya Q asaaemca

anzebpauveckol edunuyed, a omobpasicenue p(x) K6azunepuoduteckoe.
TUTEPATYPA

1. Anmonesuy A.B., I'nas A. H. Ksasunepuogudeckue aareb6pbl, MHBAPUAHTHBIE OTHOCUTEIHHOTO JIMHEHHOr0 0TO0parKeHmst

// Hoxknaner HAH Besapycu. 2014. Ne 5. C. 30-35.

. B. Atnacos (Bopouex)
mathematicl@rambler.ru
ITPOCTPAHCTBO AdJEPHBIX OITEPATOPOB NM3OMETPINYHO
ITOITOJIHEHUIO ITPOCTPAHCTBA KOHEYHOMEPHBIX
OITEPATOPOB II0 HEKOTOPOM HOPME

Cumposamu C' u D 6yjiem 0603HauaTh OanaxoBbl poctpancTsa. Cumposiom L (C) D)
0003HAYNM MPOCTPAHCTBO JIMHEHHBIX OIPAHUIECHHBIX OIEepaTopoB 1, NefCTBYIOMUX U3
C'BD.Ecim D =R, vo L (C, D) 6yaem obosnauars cumposom C*. ObozradnmM depes

§ (C, D) suneiinoe muoroobpasue B npocrpancrse L (C, D), cocrosiliee u3 MHOXKECTBA
k=n

KOHETHOMEPHBIX 01epatopoB F'= > ¢, @ dy, tne ¢y € C*, dpy € D, k=1,...,n.
k=1
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Onpepesierne 1. Obosnauum cumsosom R (C, D), aunetinoe mnozoobpasue 6 npo-
cmpancmee L (C, D), cocmoawee us ecex onepamopos T € L (C, D), npedcmasumoix

k=n k=00
6 eude T = > ¢ ®@dy, 2dec, € C*, dy € D, k =1,... makux wmo Y |cglo *
k=1 k=1

k|l p < o0.
Cornacho |1, acts 2, pasmen 6.3, Teopema 6.3.2], mpocrpanctso R (C, D) siBisiercs

DaHAXOBBIM.
k=n

Ha ssemenrax T = > ¢ @ di € § (C, D) paccmorpum byHKIUIO
k=1

k=n
NOUT) = inf S flerllon * il

Z cx®dy, k=1
k=1

rje inf 6eperca 1Mo BceM KOHEUHDLIM IpeJICTaBJICHUSM oreparopa 1’ n3 mpocTpaHcTBa
§(C,D). Cornacro [1, wacts 2, pasnen 6.8, Teopema 6.8.2], dynkmma N asasercs
HOPMOit Ha oneparopHom ujease § (C, D).

Onpenenenne 2. Obosnawum cumsorom & (C, D) banaroso npocmpancmeo, A6.a4-
rouLeeca abCmparmmuvL.m nonosHenuem Aunetinozo mruozoobpasus § (C, D) 6 npocmpan-
cmee L (C, D) no nopme N°.

Teopema 1. IIycmov C u D — npoussosvrvie 6anaxrosv. npocmpancmea, moz0a
npocmpancmea & (C, D) u R (C, D) saooceno, 6 npocmparncmeo L (C, D) u uzomems-
PUNHDL.

JUTEPATVYPA
1. ITuw A. Oueparopubie uueass. M.: Mup, 1982.

2. Kpetin C. I'. nrepnossiims smueitHbIx omeparopos. M.: Hayxka, 1976.

. B. Bapan (Cumdepomnoss)
matemain@mail.ru

CUMMETPUYECKUE XAPAKTEPUCTUKUN 1N COIIPAKEHHA £1
OQKCTPEMAJIbBHA{ 3AJTAYA

HekoTopoe BpeMmsi Ha3a | ObLIO BBEJICHO IOHATHE KOMIIAKTHOIO cyOaud depeniuaia,
KOTOPOE HAIIO CePhe3HbIe MPUJIOXKEHUsT B TEOPUHW BEKTOPHOTO WHTEIPUPOBAHUST W B
BapualoHHoM ucuucienuu [1]. B janbreiinem ecrecrBennoii crasa 3ajaua 00001eHus!
TEOPUU KOMITAKTHBIX CyOnddepeHIinaloB Ha CUMMETPIIECKUX CJIyUaii.

Hannas paboTa IOCBAIEHA CHUMMETPUIECKIM CyOBapHalnsaM BapUAIMOHHBIX (DYHK-
IMOHAJIOB, TIOCTPOEHHBIX Ha, JIPYTroil OCHOBE, YeM obbiuHble cyOBapuannn. CuMmmerpu-
YeCKHe XapaKTEePUCTUKU (PYHKIMOHAJIOB, TEPsIst IEHTPUPOBAHHOCTh, TEPSIOT U HPSMYTO



«Copepxanue»

D YHKIIMOHAJIBHBIN aHAN3 W TEOPUST OTIEPATOPOB 15

CBsI3b € KcTpemyMamu. OIHAKO OKa3bIBAETCsI, YTO B TOUKE y2Ke HaJIeHHOIO 3KCTpe-
MyMa MOXKHO ITOCTABUTE «COMPSIKEHHYIO 9KCTPEMAJIbHYIO 3a/1a9y» — 3aJ1a9y BhIUKNCIIe-
HUsl OITUMAJILHOTO HAIIPABJICHUS IIEPEX0/Ia, UePe3 SKCTPEMYM, U PEIIAeTCsl OHa, UMEHHO
METOJIAMHU CUMMETPUIECKOrO aHaIi3a. JTH Pe3yIbTaThl OTIACTH OMyOJNKOBAHLI B Pa-
borax [2], [3].

TepMmun «conpsizkeHHasT IKCTPEMaJIbHAS 3a/1a9a» Mbl OyJeM TOHUMAaTh B CJIEIYIONEM
0011eM CMBICJIE.

1) Ipenosnoxkum, 4o jiist 3agantoro dyuknnonasa P (y) sajgaua onpejesaeHus To4-
KU JIOKAJTBHOTO 9KCTPEMYMa y2Ke peleHa: ¢y — TOUKa dKcTpemyMa P.

2) [MocraBuM Temepsb CJAEIYIONYIO 3a/1a9y: OTHICKATH «ONTHMAJbLHOE» HATPABJICHHE
nepexoJia 4epe3 IKCTPEMYM.

DTy ONTUMAJbHOCTH MbI CBSI3BIBAEM, BO-TIEPBLIX, C <«JIOKAJbHOI acHMMeTpueii», a

BO-BTODbLIX, C «JIOKAJIbHBIM 3KCIECCOM» B TOYKE 3KCTPpEMYMa.
JUTEPATVYPA

1. Opaos H. B. Beenenne B cyGmmmeiinbii anamun3 // Cospemennaa maremarnka. Pymmamenranbabe Hanpasaennd. 2014.
T. 53. C. 64-132.

2. Opaoe U. B., Bapan 4. B. Beenenue B cyGnuneiinsiii anamms — 2: Cuvmverpuueckuit Bapuant // CoBpeMeHHast MaTeMaTHKA.
OyunamenTaapable Hanpasaenus. 2015. T. 57. C. 108-161.

3. Opaos H. B., Bapan H. B., IJuizankosa A. B. Ocrosbl cy6nuueiinoro anannsa — 4: Cy6riaakue Bapuanuonnbie 3ama4u //

CoBpemennast mareMarnka. OyHjaMeHTaIbHbIe HanpasieHus. 2016 (B med.).

R. H. Barkhudaryan (Yerevan, Armenia)
rafayel@instmath.sci.am

ITERATIVE SCHEME FOR AN NON-LOCAL OBSTACLE LIKE
PROBLEM

This work is based on a joined work with M. Jurds and M. Salehi [3].

Here we consider a non local free boundary problem formulated as a Hamilton-Jacobi
equation:

min(—Lu(z) + f(x),u(x) — u(—x) —¢(z)) =0, z€Q,

u(x) = g(x), x € 082, 1)

where @ C R™ (n > 2) is a bounded symmetric domain such that if x € Q then
—r€Q, feC(Q),ge CON) and ¢ € C*(N).

As mentioned above we consider stationary case, i.e. the operator L is an elliptic
operator of the form

Lu = aij(x)Dz'jU + b'(2) Diu + c(7)u, atl = g,
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where the coefficients a’/, b, ¢ are assumed to be continues and the matrix [a*/(x)]
is positive definite for all x € (). Additionally we assume that the coefficients are
“symmetric” in the domain €2 i.e. the operator applied to the function u(—x) should
be the same as operator applied to the function u at point —zx.

It is easy to check that if u is a solution to equation (1), then u(—=x) is a solution to
the reflected problem, i.e. all ingredients are reflected accordingly. Hence one has

u(@) 2 u(—x) +P(x) = u(r) + P(-x),

and in particular ¢)(z) 4+ ¢ (—x) < 0 is forced as a condition for an existence theory.

Our aim here is to construct, through an increasing iterative scheme, a solution of
the above problem. The scheme consists of a sequence of obstacle problems at each
step that eventually converge to the solution.

REFERENCES
1. Scheinkman JA, Xiong W. Overconfidence and speculative bubbles. // Journal of Political Economy. 2003, Applicable
Analysis, 2003, 111(6), pp. 1183-1220.
2. Berestycki H, Monneau R, Scheinkman JA. A non-local free boundary problem arising in a theory of financial bubbles.
// Philos Trans R Soc Lond Ser A Math Phys Eng Sci. 2014;372(2028):20130404, 36.

3. Barkhudaryan R, Jurd$ M, Salehi, M Iterative scheme for an elliptic non-local free boundary problem. // 2015, Applicable

Analysis, pp. 1-13.

A. G. Baskakov (Voronezh State University, Russia)
anatbaskakov@yandex.ru

HARMONIC AND SPECTRAL ANALYSIS OF BOUNDED
SEMIGROUPS OF OPERATORS !

Let X be complex Banach space and End X be a Banach algebra of bounded linear
operators acting on X

By C, = Cy(J, X') denote the Banach space of bounded continuous functions on J =
{R4,R}. By Gy = Cpu(J, X) denote the subspace of Cy(J, X') of uniform continuous
functions and let Cy = Cy(J, X) be subspace of Cy(J, X) the vanishing at infinity
functions.

Let (S(m)x)(t) = z(t+71), t € J, x € Cp(J, X), be a semigroup (group) of shift
operators.

Definition 1. The number w € J is called € -period at infinity of z € Cy(J, X) if
there exist a compact set K = K. C R such that sup ||z(t 4+ w) — :U(t)HX <e.
t

eJNn,

By Q. (g, ) denote a set of € -periods at infinity of function .

1 Ministry of Science and Education of Russia within the framework of a government request in the sphere of scientific activity for
2014-2016 (project no. 1110).
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Definition 2. A function x € Gy, is called almost periodic at the infinity (in Bohr
sense) if for each € > 0 there exists | = I(¢) > 0 such that each interval of length [
includes at least one point of Q. (e, x).

Theorem 1. Let T : R, — End X be bounded strongly continuous semigroup of
operators with generator A. Spectrum of A has property o(A)N(IR) = {i\, ... i\, }.
Then semigroup T can be represented as T(t) = >0, Bp(t)e™! + By(t), t > 0,
where functions By : R — End X are continuous in uniform operator topology and
the functions T'(t)x : Ry — X, x € X, are almost periodic at infinity. Functions By,
0 < k < m, have the following properties:

1) Operators Bi(t), to <t 0 < k < m belong minimal closed subalgebra from
End X generated by operators T'(t), t > to.

2) lim || Bo(t)| = 0.

t—r00

3) Functions By, 1<k < m are slowly varying at infinity and can be extended on
C to entire functions of exponential type with tlim | By.(t)]] = 0.
—00

4) lim || () Bi(t) — ™' By(t)[| = 0.
5) lim |[ By () B,(1)[| = 0, k # p.

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

AN OPTIMAL IDEAL SPACE FOR A CONE OF GENERALIZED
DOUBLY MONOTONIC FUNCTIONS

Let Ty € (0,00], Y = Y(0,Tp) be an ideal space (shortly: IS), generated by an
ideal quasinorm (shortly: IQN) p such that p is coordinated with the following order
relation: for f,g € M, (0,Tp)

t t
f<g(:>/fd7§/gd7, t € (0,Tp). (1)
0 0
Let us fix 8 € (0,1) and consider a cone
¢ t
Ky=<{ heY:h>0; tl/MhL tﬁ/hm¢ : (2)
0 0

equipped with the functional p :
pi,(h) = p(h), h € K. (3)
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Consider the operator Ay : M(0,Ty) — M, (0,Tp)

(Aof)(t) = |75t + 1) / £l  te(0.T) (4)
0 Lo (0,Tp)

(norm in L (0, 7)) is taken by 7).
Theorem 1. Let Y = Y (0,1y) be an IS, generated by an IQN p, which is coordinated
with order relation (1). Let Ky be a cone (2). For f € M, (0,Ty) consider the functional

po(f) = p(Aof). Here Aof is an operator (4).
Then, py is an IQN, coordinated with order relation (1), and space

XO — XO(OaTO) = {f € M(OvTO) : /00(|f|) < OO}?

generated by py, is an IS, moreover Xg C Y and Xy ts an optimal IS with the norm,

coordinated with order relation (1) for the embedding Ky +— X.
REFERENCES

1. Krein S. G., Petunin YU. I, Semenov E. M. Interpolation of linear operators. Nauka, M., 1978 (in Russian).

V.I. Burenkov, T.V. Tararykova M. V. (Moscow, Russia; Cardiff, United
Kingdom)
burenkov@cf.ac.uk, tararykovat@cf.ac.uk

AN ANALOGUE OF YOUNG’S INEQUALITY FOR CONVOLUTIONS
FOR GENERAL MORREY-TYPE SPACES

Let B(x,r) denote the open ball in R" of radius r > 0 centered at a point z € R",
0 < p,0 < oo and let w be a non-negative Lebesgue measurable function on (0, c0).
The global Morrey-type space G My () = GMpg ) (R™) is the space of all functions
f Lebesgue measurable on R"” with finite quasi-norm

uquMpe,w(.):supr WAz, Bl 1 0.00)

If 0 =00 and w(-) = ’\thenfor0<)\<”
— A
GMpOO,T*A = Mp

is the classical Morrey space.
For Lebesgue measurable functions fi, fo consider their convolution

(f1 % fo)(x /flx— Vfoly)dy, xe€R™.
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Under minimal natural assumptions on functions w; and wsy holds the following
analogue of Young’s inequality. Let

1<pi,pp<p<oo, p1 <t <oo pp<0<00, 0<a,an<1,

1 1 1 o o
__|__:__1_17 _1+_2:

1 a1 042_1
pPL p2 D pr p2 p 6 G 0

w(r) = w(r)ws?(r), r>0.

Then

1—ay

aq 1—aq a9
s Bllowy ey < WA WA RN, IR

In particular, for 0 < A\; < pﬂl, 0< < p%

aq 2
Hfl * f2HM31)\1+a2>\2 S HleM;\ll Hf2HM£‘22 .

E. Burtseva (Luled, Sweden) and N. Samko (Lulea, Sweden)
Evgeniya.Burtseva@ltu.se, Natasha.Samko@Itu.se

ON THE WEIGHTED BOUNDEDNESS OF POTENTIAL
OPERATORS IN MORREY TYPE SPACES

Let 0 <a <mn, 1 <p < 2. The Riesz potential operator is defined by the following

formula:
]O‘f(:c):/ _f(dt 0<a<n.
R

n |z — e’

Let w € VAUVL, u=min{1l,n— «a}. The definition of the classes VI you can see,
for instance, in [L.E.Persson, N.Samko, 2011].

In this talk we present our recent results on the boundedness of the weighted Riesz
potential operator wl 0‘% from the generalized Morrey space LP¥(R"™) to Orlicz-Morrey
space LT¥(R").

Due to the classes of the weights we use in our study, the weighted potential operator
is point wisely estimated by non-weighted one and some weighted Hardy operators.

Thus the question of the boundedness of the weighted potential operator is reduced to
the question of the boundedness of the non-weighted one and weighted Hardy operators
in such spaces.

There are known results on the boundedness of the weighted or non-weighted potential
operators in generalized Morrey spaces. We refer, for instance, to the paper [L.E.Persson,
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N.Samko, 2011] and the references therein. But later we discovered that it is more
natural to study such a boundedness from generalized Morrey spaces to Orlicz-Morrey
spaces.

There are also known results on the bondedness of potential operators in Olrlicz-
Morrey spaces, but only under Spanne type conditions, we refer to the papers of V.
Guliev and others, for instance |Guliyev V. and Deringoz F., 2014]. Our aim is to study
the weighted potential operator in such spaces but in terms of Adam’s type setting,
which, as it is known, are more precise. The paper with our new results is submitted
for publication.

B.T. Bakynos, 10.E. [Ipo6oros (Pocros-una-/lony)
bvak1961@bk.ru, yu.e.drobotov@yandex.ru

O JEVICTBUN IIOTEHIINAJIOB PUCCA BOJIBIIINX
ITEPEMEHHBIX ITOPA/IKOB B BECOBBIX ITPOCTPAHCTBAX
JIEBET'A

B pamkax mpejicraBieHHOl pabOThl pacCMOTPeH ToTeHIral Pucca nepemenHoro mo-

(ro) @ = [ Ll

Q

pAIKa, UMEIOINI BUJT

rie Vo € Q a(x) # n,n+ 2,n+4,.... B kauecrse () paccMOTpeHbl n—MepHast THIep-
cdepa S, u npocrpancrso R = R U {oo}.

B pabore [1] uccieoBanuch ycjioBusi orpaHndeHHOCTH oneparopa [ o) g 06o6IIEH-
HBIX TpocTpancTBax Lesbiepa ¢ mepemennoii xapaxrepucruxoir HYO) (S,), cocros-
IMUX, KAaK M3BECTHO, u3 (DYHKIMI f, HENPEepLIBHBIX HA S, W TaKuUX, 910 Vr € S,
M, (f,t,x) < cw(t,z), vae M, (f,t,x) — JOKaJIBHBIA MOJIyJib HEIPEPLIBHOCTU (DYHKIIUK
f(x),t € T CR, anocrosiunas ¢ > () He 3aBUCUT OT T U {.

LleHTpaJbHBIM PE3YILTATOM KCCAEJIOBAHKS, MPEJCTABJICHHOIO0 HACTOSIIAM JIOKJIa-
JIOM, SIBJISIIOTCST TeopeMbl Tuna Xapau—JInrriasyga—CobosieBa 00 orpaHndenHoM Jieii-
crun oueparopa 1) uz LP (Sp, p1) B BECOBOE 1POCTPAHCTBO LIEPEMEHHON I'€JIbJIEPO-
soctu H*0) (S, po), rne w(z,t) = '@, A(2) = a(z) — 5 < L, p1 m pa — Becosble
paIiaJIbHO OCIHUIIUPYoNHe (DYyHKIME U3 CIENUAJbHBIX (DYHKIMOHAJBHBIX KJIACCOB
tuna 3urmyHaa—bBapu—CreuknHa.

C upumenenuem crepeorpaduueckoil HPOeKIUKU JOKA3LIBAIOTCH aHAJOIMYHbIE De-

3yabTaThl 1715t caydast € = R g repMunax BBejieHHbIX B [2] BECOBBIX KJ1acCOB.

JUTEPATVYPA
1. N. Samko, B. Vakulov, Spherical fractional and hypersingular integrals of variable order in generalized Holder spaces with
variable characteristic // Math. Nachr., 2011. Vol. 284, Issue 2-3. Pp. 355-369.
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2. B.I. Baxyaos, FO.E. lpo6omos, Ilorennuansr Pucca nepemennoro nopszgka no R B npocrpancTrBax 0606meHHOi u
TIepeMeHHOI TeJIbIePOBOCTH CO CllennabHbIMK Becamu // Mexmar: crygerueckas nayka — 2015. Pocros-na-/lony: 3naresscTso

FOxmoro denepanbuoro yuusepcurera, 2015. C. 78-80.

A.M. Golovina, D. Borisov, P. Exner (Moscow, Russia)
nastya gm@mail.ru

THE RESONANCES OF THE LAPLACIAN IN A WAVEGUIDE WITH
NONLOCAL PERTURBATIONS OF BOUNDARY CONDITIONS

Let IT:= {z: —c0o <11 < +00,0 < 2o < 7} C R, v = {a <z <y, 29 = 0},
v ={—l_ < x1 < —a, r5 = 0} where a > 0, {1 are some fixed constants. The
remaining part of the lower boundary II consisting of three intervals separated by
v+ we denote as I', and the whole upper boundary as . We consider the general

problem (—A — ANu =0, u|,, =0, ul, =0, %‘F = 0, with the behavior at infinity

prescribed as u(x) = C'Jrei\/gir1 cos 2 + O(eiRe\/%T’\““) for 1 — +oo, u(z) =
C_e~iV =1 cos & + O(eRe\/gxl) for 1 — —oo. The choice of the square-root
branch is fixed by the relation V1= 1, furthermore Cy. are some constants and A € C
is the spectral parameter. The main object of our interest are resonances (the values
of A, for which the general problem has a nontrivial solution) of the general problem
situated in the lower complex halfplane in the vicinity of the segment [1, 1] for large
values of the barrier lengths ¢, in particular, their asymptotic behavior as those lengths

tend to infinity.
To formulate of main result we need additional problem: —Ay = A\, ¢|, = 0,

Y|, =0 99 L= 0, ['y := {|z1| < a, x9 = 0}, 7, is the remaining part of the lower

? Oz
boundary II. It is well known [1] that the additional problem has for any a > 0 a
nonempty discrete spectrum consisting of a finite number of eigenvalues \; € (}1, 1),
j=1...,n.

Theorem 1. For all {1 large enough there is a unique resonance L; of the general
problem in the vicinity of each point \;, j =1,...,n, and a unique nontrivial solution
of equation of the general problem corresponds to L;. The corresponding resonance
asymptotics is given by the formula

Aj(0) = Aj — kﬂﬂ!‘l’ﬂ?(e_zv NG TPV 5)
+ O(ﬁi e VTN 4 g2 o3V 5)7 where kj € C, ¥; € R\{0}.
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REFERENCES
1. Borisov D., Ezner P. and Gadyl’shin R. Geometric coupling thresholds in a two-dimensional strip // Journal of

Mathematical Physics. 2002. V.43, Ne12. C. 6265-6278.

M. Goldman (Moscow, Russia)
seulydia@yandex.ru

ESTIMATES FOR THE NORMS OF MONOTONE OPERATORS ON
WEIGHTED ORLICZ-LORENTZ CLASSES

For monotone operator P we consider the restriction on the cone €2 of nonnegative
decreasing functions in the weighted Orlicz space Lg , with general weight v and general
Young function ® where the norm is given by

oo

1 fllg, =inf §A>0: /@()\_1|f(x)\) v(xz)dr <1
0

For ideal space Y we obtain the order-sharp estimates of the norm

IPllgy = s {IPflly : f€lfla, <1},

By the appropriate discretization procedure the problem has been reduced to the
estimates of operator P on some cone of nonnegative step - functions. Also we obtain
the related estimates for the norm [Py, _,, where Ag,, is the weighted Orlicz-Lorentz
class with || f|5,, = [I/*[ls, - Here f* is the decreasing rearrangement of f with respect
to Lebesgue measure on (0,00). As an application we give sharp description of the
associate (Kdthe-dual) space A:I,,V :

REFERENCES

1. Krein S. G., Petunin YU. I, Semenov E. M. Interpolation of linear operators. Nauka, M., 1978 (in Russian).

B.I. Golubov (Moscow, Russia)
golubov@mail.mipt.ru

DYADIC DERIVATIVES AND INTEGRALS

The notion of dyadic derivative was introduced by J.E. Gibbs in 1967. Since then this
notion was generalized in various directions. Also was introduced and studied the dyadic
integral. The big contribution to the theory of dyadic differentiation and integration
was inserted by P.L. Butzer and his pupils. In detail the properties of dyadic derivatives
and integrals of natural or fractional positive order are considered in the monograph
[1]. Now the bibliography on dyadic derivatives and dyadic integrals contains more then
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200 references (see [2], [3]). In our talk we will formulate the results related to dyadic
derivatives and integrals.

REFERENCES
1. Golubov B. I. Elements of dyadic analysis (in Russian). LKI Publishers, Moscow, 2016. — 208 p.
2. Stancovic R. S., Butzer P. L., Shipp F., Wade W.R., Su W., Endow Y., Fridli S., Golubov B. I., Pichler F. Dyadic Walsh
analysis from 1924 onwards Walsh-Gibbs-Butzer dyadic differentiation in science, vol. 1: Foundations. Atlantis Press, Paris, 2015.
— 455 p.

3. Stancovic R. S., Butzer P. L., Shipp F., Wade W.R., Su W., Endow Y., Fridli S., Golubov B. I., Pichler F. Dyadic Walsh
analysis from 1924 onwards Walsh-Gibbs-Butzer dyadic differentiation in science, vol. 2: Extensions and Generalizations. Atlantis

Press, Paris, 2015. — 360 p.

A.1I. I'punbko (Bpecr)
agrinko 1999@yahoo.com

OBOBIIIEHHBIE MHTETPAJIBHBIE YPABHEHU Y TUIIA ABEJIA

Hacrosmas pabora mocssmena periennio o000IeHHbIX ypapHennit Adesist Bua:

(e 6) (2) =

z—a)”’ [ T —
F((a) ey()a:—a) /<I>1 Y, By o sr:——ctz; v(z—1t) % = f(z), (1)

a

+0o0 ki
1 (v, B o5 wy 2) = Z Mz—'ﬂ', lw| < 1,]z] < 400 (2)
i k=0 ()i k!
- rutiepreomerpudeckas gynkius ['ymoepra.
B jauHOil paboTe TOJyueHbl SIBHBIE DEIleHns HHTerpaibHbiX ypaBHeruit (1) B mpo-
CTPAHCTBE CYMMUPYEMbIX (DYHKIIMI, B OKPECTHOCTH KOHEYHON TOUKM BEIIECTBEHHO

OCH, BbIDA’KaeMble B TepMUHAX Iuiiepreomerpuieckux yHkimii (2):

«Q 14 -1 1 d 14
(o @t ) @) = sy
/ ¢ ) dt
/<I>1 1—a+y, —5;1—04;5_&; —v(z—1) % (3)

a

Teopema. ITycmov 0 < a <1, —co < a < b < +o0, 7,0, v € R. Ias moz2o wmobw.
ypasnenus muna Abea (1) umeru u npu mom eOUHCMBEENHOE CYMMUPYEMOE DEULEHUE
na ompesxke 3adasaemoie paseHcmeamu (3) neobxodumo u docmamoyuno, 4mobuv

pPO T f (1) € AC [ab], pP LT T f (a) = 0.
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JUTEPATVYPA
1. Camxo C.T., Kunabac A. A., Mapuues O. M. VIHTerpaJibl U TpOU3BOAHBIE IPOOHOTO TOPSIAKA ¥ HEKOTOPHIE WX TIPUJIOKEHUS

// M., (1987).

S. M. Grudsky (Russia, Mexico)
grudsky@math.cinvestav.mx

UNIFORM INDIVIDUAL ASYMPTOTICS FOR THE EIGENVALUES
AND EIGENVECTORS OF LARGE TOEPLITZ MATRICES

The asymptotic behavior of the spectrum of large Toeplitz matrices has been studied
for almost one century now. Among this huge work, we can find the Szego theorems on
the eigenvalue distribution and the asymptotics for the determinants, as well as other
theorems about the individual asymptotics for the smallest and largest eigenvalues.

Results about uniform individual asymptotics for all the eigenvalues and eigenvectors
appeared only five years ago. The goal of the present lecture is to review this area, to
talk about the obtained results, and to discuss some open problems.

This review is based on joint works with Manuel Bogoya, Albrecht Bottcher, and
Egor Maximenko.

O. A. Ivanova (Rostov on Don, Russia)
ivolga@sfedu.ru

S.N. Melikhov (Rostov on Don, Vladikavkaz, Russia)
melih@math.rsu.ru

ON THE COMPLETENESS OF ORBITS OF A POMMIEZ OPERATOR

We study cyclic vectors of a Pommiez operator associated with a function gy which
is given by 0
S()—=g0(t) f(O
Do g, ()(#) :{ oy 7o
1'(0) = g5(0)£(0), t=0.
Here a function gy with ¢go(0) = 1 belongs to some weighted (LF)-space E of entire
functions. The operator Dy 4, is linear and continuous in £. We prove abstract sufficient
and necessary conditions for the completeness of the system {Dg, (f) : n > 0} in E
and apply them to the space Eg := E which is the realization (with the help of the
Laplace transform) of the strong dual of the (PLB)-space H(Q) of germs of all functions
analytic on a convex locally closed set () C C containing 0.
Let ex(z) := exp(Az), A, z € C. The main result is the following statement.

Theorem. (1) Suppose that the function gy has infinitely many zeros. The following
assertions are equivalent:
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(i) f is a cyclic vector of Dy g, in Eg.
(11) Functions f and gy do not have common zeros.

(1I) Suppose that gy = Pey for some A € Q and some polynomial P with P(0) = 1.
The following assertions are equivalent:
(i) f is a cyclic vector of Dy 4, in Eq.
(11) Functions f and gy do not have common zeros and f is not a function of the form
Rey where R 1s a polynomial.

As a consequence we describe proper closed Dy g4 -invariant subspaces of Eg when
the function gy has no zeros.

A.C. KanutsuH, A. V. NHo3emues (JIunenxk)
kalitvinas@mail.ru, inozemcev.a.i@Qgmail.com
O ®PEATOJIBMOBOCTU OJHOI'O KJIACCA OITEPATOPOB C
MHOI'OMEPHBIMU YACTHBIMU MHTETPAJIAMMN !

B pabore paccmarpusaercst oneparop I — K, rie K = K1 + Ky + Ko,

b
(le)(tl,tz,ts)Z/ ki(t1,ta, ts, 71) x(11, to, t3) d1y,
a
d
(Kﬂ)(tl,tz,t?)):/ ko(t1,ta, t3, T2) x(t1, To, t3) d7o,
C

b pd
(K127)(t1, to, t3) 2/ / kia(t1, ta, ts, 71, 72) (71, T2, t3) dT1dTo.
a C

[Tycrs sijipa ky, ko, k12 HenpepbiBHBI, Torjia oneparopbl Ki, Ko, K19 neficTByOT B
C(D) = C([a,b] x [c,d] x |e, f]) |1]. U3 obparumocru oneparopos I — K, I — Ky B
O(D), cjaenyer, 9To I — K = ([ — Kl)(] — KQ)([ — ([ — KQ)_I(I — Kl)_l(KlKQ —
Klg)) n (I — Kl)il = I+ Rkl, ([ — Kg)il =1+ sz, rie (Rkl x) (tl,tg,tg) =
f: Tk, (tl, tQ, tg, ’7'1) [E(Tl, tg, tg) dTl, (sz .fl?)(tl, t2, tg) = fcd Tkg(t]J tg, t3, 7'2) .fl?(tl, T2, tg) dTQ.
TOI‘,Z[& [ — K =1— H, rae H = K1K2 — K12 + Rk2K1K2 — Rk2K12 + RlelKQ —
Ry, K2 + Ry, Ry, K1 Ko — Ry, Ry, Ko

CupapeiiuBa

Teopema. B C(D) ¢pedzorvmosocmo onepamopa I — K ¢ nenpepvisromu adpamu
PABHOCUNDHA €20 0bpamumocmu u obpamumocmu onepamopos I — Ky, [ — Ky u I — H.

Bamernm, 4o oneparop K IpUHIMIMAILHO OTiHdaercs ot oneparopa (Kx)(t, s) =
Jpki(t,s,7) (7, s)dr+ [gko(t, s,0) x(t,0) do+ [[,, s ks(t,s,T,0) .CL‘(TN, o) drdo, pac-
cmorpennoro B [1], T.k. dpearonsmosocrs 8 C(T x S) oneparopa [ — K ¢ nenpepbis-
HBIMU SI[PAMH ¥ KOMIIAKTHBIMK MHOXKecTBaMu 1’ u S ¢ HelnpepbIBHLIMU J1€OErOBBIMI

1 PaBoTa BHIMONHeHA TpH bUHAHCOBOH ToAepkKke Munobprayku Poccrn (loczaganme, mpoekt Ne 2015/351, HUP Ne 1815).
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MepaMu paBHOCHJIbHA obparumMoctu omnepatopoB I — Ky u I — Ko, tne K1 n Ky —
orepaTopbl ¢ siapavu ki (t, s, 7) u ko(t, s, 0).
JUTEPATYPA
1. Kaaumeun A. C., Kaaumseun B. A. lnrerpanbubie ypaBaenus Bonabreppa u Bosbreppa-®pearosibma ¢ 9acTHbIMU UHTE-

rpajgamu. — JIumenx: JITILY, 2006. — 177 c.

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

CONVOLUTION TYPE OPERATORS WITH SYMMETRY IN BESSEL
POTENTIAL SPACES

Convolution type operators with symmetry appear naturally in boundary value
problems for elliptic PDEs in symmetric or symmetrizable domains. They are defined as
truncations of translation invariant operators in a scale of Bessel potential spaces that
are convolutionally similar to subspaces of even or odd functionals. We will consider
a class of these operators which is closely related to the Helmholtz equation in a
quadrant, where a possible solution is symmetrically extended to a half-plane. For
such operators, we will present characterizations of their normal solvability, Fredholm
property, generalized (and one-sided) invertibility. For the situation where we do not
have the Fredholm property, a normalization procedure is introduced. Moreover, an
asymmetric factorization is also proposed. This turns possible the representation of

consequent resolvent operators in closed analytic form. The talk is based on joint works
with F.-O. Speck.

A.B. Ko3zak, B. 4. IIreita6epr, O. B. IIIreiinbepr (FOxkHbrit
denepanbubiii yauBepcurer, Poccust)
avkozak@aaanet.ru idento@mail.ru borsteinb@mail.ru
olegsteinb@gmail.com

OIIEHKA IIOI'PEIITHOCTEMN IIPU PEINIEHU YPABHEHU A
CBEPTKU 1JI1 BOCCTAHOBJIEHUYI CMA3AHHBIX
N30BPAYKEHUNIA.

B pabore paccmarpuBaeTcs 3ajia4a BOCCTAHOBJIEHUST CMA3aHHOI'O N300paKeHMsI, KO-
IJIa XapakTep cMas3a u3BecTeH. B mpocTeiiiiem ciiyuae 3To paBHOMEPHBI TOPU30HTAJIb-
HBI cMa3 n300pazkeHus ¢ (PUKCHPOBAHHBIM IIaroM. Takoil cMa3 BOSHHKAET, HaIIpUMeED,
IIPU CheMKe PaBHOMEPHO Bpalaloleiics kamepoit. J1st nzobparkenust, 33 1aHHOIO MaT-
puleil IBETOB, 9TO O3HAYAET, YTO KarK/1asi CTPOKa MATPUIIBI [IBETOB CJBUIAETCS HA, OJINH
UKCEIb (PUKCUPOBAHHOE UKCJIO Pa3, IMOJyUeHHbIE CTPOKU YCPEIHAIOTCS U 00pe3aloTes
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JIO IIePBOHAYAJILHOTO pa3Mepa. JTH JIeHCTBUS pABHOCUIbHBI YMHOXKEHIIO MaTPHUIILI 1B~
TOB Ha TEIIUIEBY MaTPUILY CIEIHaIbLHOIO BHa, KOTOPYIO OyIeM Ha3biBaTh MaTpPUIEi
cmaza. [lyisi BoccTaHOBJIEHMST CMa3aHHOTO M300payKeHWsi HEOOXOAMMO PENInTh CHUCTe-
My YpaBHEHH# ¢ MaTpulieil cMaza. Ecam cMaszbiBaeTcsa OMMHOYHBIN KaJp, TO CHCTEMA,
ypPaBHEHUI IIOJIydaeTCs HEOIPEJIeJIeHHON M OJJHO3HAYHO BOCCTAHOBHUTL M300parKeHue
HEBO3MOXKHO. Hcin »Ke mMeercst cepusi CMa3aHHBIX KaJPOB, U3 KOTOPHIX MOMKHO CKJIe-
UTh HUJIMHJPAYECKYIO ITAHOPAMYy, TO CUCTEMa YPABHEHUN IIPU BBIIOJHEHUU HEKOTOPBIX
YCJIOBHIi OmpejieieHHast (BeJIMYMHa CMa3a U Pa3sMePHOCTb MaHOPAMBI 110 TOPU30HTA-
JIM B3aMMHO TIpocThie uncia). [IpakTudaeckne pacdersl moKaszain, 9TO W300parKeHwst
Jla2Ke B TAKOM CJIyYae BOCCTAHABJIMBAETCs IJI0XO. IIPUUMHON 3TOr0 sIBJISIETCSI I1JIOXAs
00yCJIOBJIEHHOCTH MaTPHUITLI CMa3a U OOJIbIINE MOI'PEITHOCTH B MCXOMHBIX JAHHBIX MPH
onudpoBke nzobpaxkenuii. B pabore 1npoBejieHO JleTajbHOE UCCIEI0BAHUE UUCIa, 00Y-
CJIOBJIEHHOCTH MaTPWIIBI CMa3a. YCTaHOBJIEHA 3aBUCHMOCTH IUC/Ia 00YCIOBIEHHOCTH OT
BEJIMYMHBI CMa3a U PA3MEPHOCTH M300ParKeHUsl, MOy YeHbl aCUMITOTHICCKIE (DOPMY-
JIbI, TIPOBEJIEHBI OIEHKHU MoTrpelnHocTeii. MecaeqoBanns mokasaJu, 4To nIpu 8-OUTOBOM
IpeJICTABJICHUH [IBETa BOCCTAHOBJICHNE N300ParKeHUsI IPAKTUICCKI HEBO3MOXKHO, & IIPU
16-6uToBOM M300parkeHue NMPEeKPACHO BOCCTAHABIMBACTCS.

Paszpaboran ObICTPBIIl aJIrOPUTM PEIIeHns pacCMaTPUBAEMOI'0 YpaBHEHMSI, OPUEHTH-
POBAHHLII Ha JIYUIIYIO MOTPENIHOCTL OKPYIJIEHHUSI, YeM B IIPEAbIayIeil crarbe. Aro-
PUTM TTPOrPAMMHO PEAJIM30BaH U ¢ HAM IIPOBEIEHBI YMCICHHBIE SKCIIEPUMEHTHI.

B. H. KoznoB (Cankt-Ilerepdypr)
salu@ftk.spbstu.ru

YCTONMYNBOCTH PABHOCTHBIX OIIEPATOPOB JIOKAJILHO
OIITIMAJIBHOT'O YIIPABJIEHNS C PETYJIAPU3AIINEN

UccnenoBanbl yeioBust cxkarus oneparopa cucrembl (OC)

vpe1 = Hay +yF,TOPCny € R", y, = Cxy, € R™, 139 = 2,

e napamerp 6 = 1 — 20, 0 € [0, 1], a ynpasienns onpejesenst npoekropom PO
na syipo omeparopa A, Py = ATA, A = (AAT)A, A = (E, |—cF,). Jonycrumoe

(onruMmaJibHOE) yIpaBIeHue

ugs = T arg min {(/5 = llze — Cill3» 2k = (U Jue) " |Azg = b =
= cHay, A= (E, |—cF,), ||z} < r2} — AT (PAbk n éPOCknk> ,

1/2
T= (Onanu ’Enuxnu) y Mk = p71/2 (TZ - HPACka‘@) .

YrBepxkaenue. [[ycms:
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1). JTasn OC napa (H, Fu) ynpasasemas no P. Kaimany.

2). Onepamop H = (E,, + wwF,TPac) H, |H| < 1— ycmotiuusvi.

3). Heaunetinas wacmo ug, = vTéPOCk n. 6 OC, 2de vy € R, 6 = 1-20, 0 €10, 1],
T <1 ywumweaem ozparuvenus na K0OPOUHAMBL U YNPABACHUA.

4). OC umeem cmayuoHapryo MoKy Ty.

5). Hneapuanmmnoe muoocecmeo S (0,r1) =ry=r/(||lc|- |H] - [|A4]).

6). OC, peeyaapusosannwii no 6 € [0, 1] npoexmopom

p()=0,5(10—16—1-1)€[0, R u n=p )

_[.2 2\1"/2 2 2
o = [r"—po (|| PacH x| < Lo ||| PacH zi || * — || Pac H z || 7|,
k=1,2, ..., pearusyrom pezyaraprocmsv OC 6 cuny

pi(qr) =0,5 <‘ngk — 52‘ — ‘q,qu —(r— 8)2‘ +el 4+ (r— 5)2> .
Tozda, ecau
-1
_ ~ _ 2 2
< (L= 8 Go)ll]-[2[8 @o)| - IEN - 171 - [ PCullo™ Lo Lar |Pall el I1HIP]
mo onepamop CucCimemdsv, C peeyﬂﬂpuaauueﬁ ACNACTINCA ycmozj%uemm HA OUEHKAT UHBA-
PUAHMH020 MHONACECTNBA ONEPATOPA, BKANUAOULER0 T, Tk, Txy, Cp € S (0, 71).
JIUTEPATVYPA

1. Kossaoe B. H., Hernmankue cucteMsl, orepaTops! ontumusanuu n ycroiansocts. CII6.: 3n-so ITomnrexn. yu-ta, 2012.

B.H. Koznos, A. A. Edbpemos (Cankr-Ilerepoypr)
saiu@ftk.spbstu.ru

YCTOMYNBOCTH AHAJIUTUKO-UYNCJIEHHBIX PASHOCTHBIX
CXEM AJ1d BMJIMHEVHBIX IN®PEPEHITNAJIBHBIX
OIIEPATOPOB

Uccnepyercss ycroilunBocTh pelieHusi 3ajadu Koy, omnuceiBaolieil (usndeckue
nporeccol JuddepeHnnaibHbIM OUJIMHERHBIM OlIePaTOPOM € OJIOYHBIMKU MATPHUIIAMUI

I R — X Q/ws  Opsn Opxn —Q/ws 1, [ vy ]

I — X/ w R Q/ws Qfws  Opxn I, Uy

EL =] 0w O —RiTy Open Onen | x| Eap [+ vs |, (D)
E;«d Onxn Onxn Onxn —4rd Onxn Erd 0

k., O Onxcn Onxn Onxn —Thg Eqq | 0




«Copepxanue»

D YHKIIMOHAJIBHBIN aHAN3 W TEOPUST OTIEPATOPOB 29

e Q (t) = diag w; (t) € RV x Cl[ty, T], U = f(Qu), Q(0) = Qo; 1;(tg) =
]dOa Iq (tO) - Iqu Eaf (t()) - EaanErd (t()) - ETdO7 Erq (tO) - ErqO € Rn; Wg_l € R;
maTpunbl R, Ry, Xq, X, Td, T, Trq € R”X” ﬂHaFOHaﬂbeIe

B (1) umeenm E,; (t) = e 1B, (tg +f e =T) yy (1) dr, Erd( ) e Trit B (to),
E,, (t) = e Tt E,, (ty), upeobpazytonme (1) ¢ yuerom Q( = Q (to) + ftz f(Q(r
K 3aj1a4e i JuddepeHnnajbHOro oepaTopa

I(li . Ry —Xq Qws_l . 1, ] X
rT | -xaut R, I,

(2)

—Q(t)w; E (1) vy (t) ] I (to) = I
+{Q(t)w;1[Eaf(t)+ETq(t)]]+[vz(t)_ ) {Iq(to): qol'

Bajaua (2) onpejesisier pejyMpoBaHHbie WHTErpasibHbie ypaBHerust Tuiia B. Bosb-
Teppa

L[]0 s ] (0]
3)
+ { 0 w;_lEqui@) (%L:-;[z(:);iifg); (t)] ] + [z; ]>d7.

Juist cxkumaronux oneparopoB (3) paspaboraHbl yCTONYMBbBIE PA3HOCTHBIE CXEMbI.
Hnst (3) ucnonbyercst aHain3 KaThs KOHETHON CTENEHH ITOro oneparopa. Beramc-
Jenne creneneil (3) m ananam3 ycJoBuil ux cxarTus Boinosmenst B R x C'lty, T, a
YCTOHUMBOCTD M JMCCHIATHBHOCTL — B ipocTpancrtse R x L2 [ty, T).

Konauesckuit H. /1., Pagomupckas K. A. (Cumdepomnoss)
kopachevsky@list.ru, radomirskaya@mail.ru

OB ABCTPAKTHbBIX KPAEBBIX U CIIEKTPAJIBHBIX 3A/TAYAX
COIIPA>KEHU A !

JlaHHBII JIOKJIaJ1 IOCBIIEH pa3paboTKe 00IIero mojxojia K u3ydeHno adCTpaKTHbIX
CMEIAHHBIX KPAEBBIX M CIEKTPAJIbHBIX 3,189 CONMPSIKEHUsI, & TAKXKE ITPUMEHEHUTO 9TO-
o MOJIX0JIa K Pa3JMIHbIM KOH(MDUIYypaIUsM IPUCTHIKOBAHHBIX 0DJIacTell B 3a/jadax CO-
HPsI2KEHHSI ¢ UCIOIb30BaHueM 000011eHHOi hopMyIbl ['puHa B OCHOBHOM J1JIsI OIIEPaTO-

1YccnenoBanpe BEITIOMHEHO 32 CueT rpanTa PocCHHECKOTO HAyYHOTO (HOHAR (mpoekT Ne14-21-00066, BBImONHSIEMOTO B BOPOHEKCKOM TO-
CYHUBEPCHUTETE).
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pa Jlamnaca. JIpyrue anajoruaible 3aja4d MaTeMaTHIecKoil (DU3NKM, MU IpOIUHAMUKHY,
TEOPUM YIIPYTOCTU U T.J. UCCJAEIYIOTCSI 110 9TOM NpejjaraeMoil odIeit cxeme.

B niepBoit vacTu J0K/1a/1a U3J1ararTest 0e3 JJoKa3aTeIbCTB TEOPEMbI O CYIECTBOBAHUH
abcTpakTHOil popmysibl ['puna s TPORKM THILOEPTOBLIX MPOCTPAHCTB U aOCTPAKT-
HOT'O OllepaTopa cJiejia, a TaKxKe aHaJOIm4YHble (paKThl JIJid aOCTPAKTHBIX CMEIIAHHBIX
KpaeBbix 3aJia4. [IpuBojsires popmynupoBku 06061enHoi hopmyiibl ['pruna Ha ocHOBe
oneparopa Jlaiaca.

Bo BTOpOIii YacTu NpUBOJUTCA ODOINasi CXeMa pacCMOTPEHUsT abCTPAKTHBIX KPaeBbIX
3a/1a9 COTPSIKEHUsT Ha TTpUMepe KOH(MUTYpaIni MPHUCTHIKOBAHHBIX 00J1acTeil, KOTOPYIO
ABTOPBI JIJIsT TPOCTOTHI Ha3bIBAIOT " IBAXK bl pa3pe3aHHbIi ODaHaH".

B Tperbeit yacTu JoKjIa/1a 9Ta CXeMa peau3yercs JJis 9TOi KOHMUTYypaIuud U OIle-
paTopa Jlamnaca. ajee paccmMaTpuBaercs Jipyrue IpuMepbl 00J1acTeil.

[TocsieHsist 9acTh JOKJI/1a MOCBSIIEHA W3YIEHUIO CIIEKTPAJbHBIX MPOOJIEM JIJIsT CMe-
IIAHHBIX KPAEBBIX 3a/1a4 B OJIHOM 00J1aCTH, & TAKXKe aHAJOTMIHbBIX CIIEKTPAJbHBIX 38,144

COITPsAXKEH N .

JUTEPATVYPA
1. Konawescxuti H./J., Padomupcras K.A. AGcTpakTHBIE CMeIIaHHBIE KpaeBble 3a7adu compsikeHust // MesxkgyHapomHast
mayaHasa koHpepenusa "CoOBpeMEHHbIE METOMBI ¥ TIPOGJIEMBI TEOPHU OMIEPATOPOB W TAPMOHMIECKOTO AHAJIN3 W WX TIPUJIOKEHUS
- V"(Pocros-na-ony), 2015. C. 211.

2. Konauescxuti H./]., Padomupcras K. A. AGcTpakTHBIE KpaeBble U CIIEKTPaJIbHbLe 3a0aan conpsikenus: // XX VI Kpeivckast

OCEHHsIsl MATEMATUIECKAs! [IKOJIA-CUMIIO3UYM II0 CIIEKTDAJIBLHBIM M 9BOJIONMOHHBIM 3amadaM (Barwamman(/lacun)), 2015. C. 52.

M.T. Kor (Musck)
mtorkaylo@mail.ru

ACUMIITOTUNYECKOE ITIOBE/IEHVNE COBCTBEHHDBIX
3HAYEHUN OIIEPATOPOB, ATIIIPOKCUMMPYIOIIIIX
ANMPOPEPEHIIMAJIBHBIE YPABHEHUNS C JIEJIBTA-OBPA3HBIMU
KOO PUIINEHTAMUN

Hunddepennmanbibie ypaBHeHWs, COAEPKaIne B KadecTBe KoahduimenTa, 0-hyHKITHO
Jvpaka u 3amuchbiBaeMble B BUjIE

—Au + adu = f, (1)

BO3HWKAIOT B PA3HBIX TTPUJIOKEHUAX W MHTEHCUBHO N3yYaI0TCs. DTa 3aMNCH YPABHEHUST
SIBJISIETCSI CHMBOJIMYECKON, TaK KaK MPOMW3BEJeHNE 0U HE ONPEe/IeHO B Teopun 0000-
meHHbIX ByHKIUH. OJUH U3 OCHOBHBIX TOJIXOJIOB K ONPEJICICHUIO TTOHATHST PEIeHUS
ypaBHEHHUSI U MOCTPOCHUIO TAKUX PEIICHWH OCHOBAH HAa, ANIPOKCUMAIUH BbIPAXKCHUSI
B JieBoii qactu (1) ceMeilcTBOM KOPPEKTHO 3aJIaHHBIX OMepaTopoB L., 3aBUCSIIUX OT
MaJIOrO IlapaMeTpa €, W 3aTeM HaXOXK/JIeHWe Ipejiesia pe30oJibBeHtT. K Takoil 1pe-
JIeJT CyTIeCTBYeT, TO OolepaTopHo3HauHas GyHKiusa R(\) OKa3blBaeTCsi Pe30JbBEHTOI
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HEKOTOPOT'O NPEJICIBHOTO OIepaTopa, KOTOPBI COOTBETCTBYET PACCMATPUBAEMOIl all-
npokcuManu GOPMaJLHOTO BLIPAYKEHUSI.

B siannoii pabore Mbl HccielyeM HoBejieHue cOOCTBEHHBIX 3HauYeHMil alllPOKCUMU-
PYIOIIUX ONepaTopoB L.. OTH cOOCTBEHHBIC 3HAYCHUS ONPEACITIOTCS U3 yPABHCHUS
BUJIA

f(g, >‘) =0, (2)
rjge f ecrb aHajMTHUECKas (DYHKIMS JBYX HEPEMEHHbIX, KOTOPas CTPOUTHLCS 110 3a-
JTAHHO aNIIpOKCHMaIMy. Bjaromapst TOMy, 9TO 3Ta aHAJUTHYECKas (DYHKIUA MMeeT
CHeIMAJBLHBI BHUJI, yJAeTCH MCCICJOBATh IOBEJICHAC PA3JINYHBIX BETBEH PEIIeHus C
[IOMOILBIO MeToJ1a JnarpaMM HbIoToHa, aHaJOrMYHO KJACCMYECKOMY CJydalo, KOIJla
f ecrb nomunom. Haubosiee uHTEpecHbIM OKa3bIBACTCA T.H. CJydail pe3oHaHCa, KOIja
IpeIeIbHDI OepaTop UMEET OJHO COOCTBEHHOE 3HAaYeHUE. B 9TOM ciaydae CyIecTByer
OJIHa BETBb PEIlleHNs ypaBHeHust (2), MMeIolas KOHeUHBII MPejiesl 1 CTPeMsIasicss Tpu

£ — 0 K cODCTBEHHOMY 3HAYEHUIO MPEJIETHHOIO OIIEePaATOPa, 8 OCTAJbHBIE BETBU YXOISAT
Ha OECKOHETHOCTH CO CKOPOCTHIO %

E. M. Kyssmenko, C. I.CmupuoBa (Cumdeporioin)
kuzmenko.e.m@mail.ru, si smirnova@mail.ru
HETJIAIKVUE BAPUAIIMOHHBIE 9KCTPEMAJIBHBIE 3AJIAYU C
IMOABUM>KHOI T'PAHUIIEN

Hepasho nosyuennbie pesynbrarst V.B. Opiosa o Heruiagikoit obparumocru (cm. [1])
JIaJI1 BO3MOXKHOCTH 0DODOINUTD Ha cyOryajkuii ciaydait merosn Jlarpamxka—JliocTepHuka
IIOKMCKa, YCJIOBHOI'O SKcTpeMyMa. Omupasch Ha 9Ty TEXHUKY, Mbl PaCCMaTPUBAEM 33,181y
00 0DOOIIEHHOM YCJIOBUHM TPaHBEPCAJIBLHOCTH CJIEJYIONIEro BUIA:

Dar,y) = / £, y(@), yr(x)) di — extr;

Zo

x1

G, y) = / gz y(x), yr(x))dz = 0 (f,g € CLy),

o
a Takyke bojiee obIre 3a1a9n o 00HOr0 Tra. OTMeTHM, 9TO ypaBHEHUE CBSA3M 371€Ch
obobiaer Kjiaccuueckoe yeiaosue suja y(r1) = @(x1) u obbejunsier 0600IIeHHbIE 3a-
JIAYN ¢ MOJBUKHON IPAHUIEHl ¢ HEeMIAJKAMI 3aJa9aMi N30IePUMETPAICCKOrO THIIA.

Pemenue Boipaxkaercs B Tepmunax dyskimun f + Ag (A — muoxkuresns Jlarpan-
Ka) u pasbupaercst Ha "Bkiouenune Ditnepa—Jlarpanxka obobiaoee cooTBETCTRY O
1ee ypaBHeHue, U "BKJIOUEHHE TPAHCBEPCAJILHOCTH TAKXKE CYIIECTBEHHHO 0000IIAI0-
1mee KJIaCCHIecKoe YCJIOBHUe.
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PaccMmorpen psiji yacTHBIX ciaydaeB u npumepoB. Ocoboe BHUMaHKE YIEJIEHO CJIyda-
AM, CBA3aHHBIM C MOJYJIAIAEH WHTErPAHTOB, HAIIPUMED CJIEYIOIMEMY:

O(xy,y) = /f($,y(:z:),y/(gj))dx — extr;

Zo

Glar,y) = / 9, y(@), /(@) |dz = 1(z1) (.9 € CV),

0

JUTEPATVYPA
1. Opaoe HU. B. Teopemsbr 06 06paTHOiT 1 HesIBHOM (DYHKIMX B Kacce CyOriIaakux orpaxenuii // MaTemaTnaeckue 3aMeTKH,
99:4 (2016) C. 631-634.

2. Opaos H.B. Beenenune B cybnmmeiinbiii anamm3 // CosBpemennas maremaruka. @yHmameHTanpbHOE Hampasienwe.,T53

(2014). C. 64-132

M. B. Kykymkun (2Kene3H0BO/iCK)
Kukushkinmv@rambler.ru

CBOICTBA BECOBLIX ITPOCTPAHCTB
JIPOBHOIN®®EPEHIINPYEMBIX ®YHKIINIA.

BanaxoBbl mpocTpancTBa ApodHOIRM M epeHITnpyeMbIX DYHKITNI n3ydaanch enie Ku-
npuAHOBLIM VA, 1M Ke J0Ka3aHbl TEOPEMBI BJIOXKEHUsI DAaHAXOBBIX IPOCTPAHCTB APOO-
o depertnpyembix GyHKIuit B mpocrpancTso Coboena.

B pabore [1| nocrpoeno rujibbeproBo mpocTpaHcTBO JApoOHOMbGMEPEHIUPYEMbIX

byuxnuit Ny (a,b), myrem onpegenenus na muoxecrse [0 (Lg) cxajuspHoro mpous-
BEJICHUSL:
(U, V)a,e = 2(u,cDY )0+ 2 (v, DS u)g, ¢ € I (LT, 2/04+1/q < 1+2a, a € (0,1),
Y LOCJIEJLYTOLLEr0 TIOIOJHEeHUs! 1101y HeHHOIO YHUTAPHOIO HPOCTpaHcTBa. JJoKasbiBaroT-
Csl TEOPEMbI ABJISIOIU-€CS AHAJOTAMU TEOPEM KJIACCUYCCKOH TEOPUH SHEPreTUIeCKUX
IIPOCTPAHCTR.

['uisbeproso npocrpancrBo Ny 1(0,1), o € (0, 1) pacemarpusaercs B [2], rae mosty-
qeHo IpejicraBiienne i HopMel Ha Muoxectse I (C[0, 1]) B Buze

. = 3
lullos = 5§ abad +2) ap [ah +57] ¢
n=1
a8 > 0, ag > 0.

B jlannoit pabore J0Ka3bIBAIOTCs YTBEPKICHUS 1103BOJISIIOIIUE [10JIYYUTh aHAJIOI Y-
HOE IIPeJICTaBJIeHue JITsl HOpMbl B mpoctpamnctse Ny 1(a,b), ans Gyuxnnii u3 kiacca
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I (Ly(a,b)), 0 >2/(14+ ), a € (0,1). Jokazana reopema O HOJHOTE HOKA3BIBAIO-
Iast, 9TO WJIeAJbHBIE 3JIJIEMEHThI YHUTAPHOTO IPOCTPAHCTBA, Na,l(a, b), 2/(1+a) <
0 <2, a € (0,1) rakxe npunamexar kiaccy 15 (Lg(a,b)).

Teopema 1. ITyemv o € (0,1), 2/(1 + a) < 6 < 2. Toeda napa: busuneinan
Bopma (u,v)a1 = 3{u, D20)o + (v, DEu)o, u mmoscecmeo I8, (Lg(a,b)) obpasyem
2UABOEPMOBO NPOCMPAHCTNGO.

JUTEPATVYPA
1. Kyxywxurn M.B. O Becosbix npocrpancrsax apobuoguddepennupyevbix dynxumit // te3. moxa. Mexaynapoamoit
xoudepenrnn «Boponexckas 3umusas maremarudeckas mkosa C.INKpeitna-2016». Boponex, 2016. C. 248-252.

2. Haxzywes A.M. Ipobuoe ucuucnenue u ero npumenenue. M.: @uszmaraur. 2003.

S.N. Melikhov (Rostov on Don, Vladikavkaz, Russia)
melih@math.rsu.ru
L. V. Stefanenko (Rostov on Don, Russia)
stefanenko.lv@mail.ru

ON THE SCHWARTZ PROBLEM FOR CONVOLUTION OPERATORS

Let @ be a proper convex subset of C with non-empty interior which has a countable
neighborhood basis of convex domain. Denote by A(Q) the space of germs of all analytic
functions on () with its natural inductive limit topology. For a convex set K in C, for
an analytic functional p which is carried by K a continuous linear convolution operator

T,: A(Q+ K) — A(Q)

is defined by T,(f)(2) := w(f(t + 2)). It is characterized when surjective operator
T,: A(Q+ K) = A(Q) has a continuous linear right inverse R. Similar problem was
posed in the early fifties by L. Schwartz for linear differential operators P(D) in C*°(2)
where €2 is an open subset of RY. This problem was solved by R. Meise, B.A. Taylor
and D. Vogt in the late eighties of the last century.

It is shown that R exists if and only if the distribution of zeros of the entire function
[(z) := p(exp(tz)) satisfies certain conditions of the boundary behavior of the analytic
univalent functions of the unit disc D on the interior of () and of the complement of
closed unit disc D on the complement Q). For example, if the boundary of ) of class C?
each surjective operator T, : A(Q + K) — A(Q) has a continuous linear right inverse.

Previously, this problem was solved when () is a convex domain, a convex compact
set and a convex locally closed set (see [1]).

REFERENCES
1. Melikhov S. N., Momm . Analytic solutions of convolution equations on convex sets with an obstacle in the boundary //

Math. Scand. 2000. Vol. 86. P. 293-319.
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B. A. Mo3zeas (Opecca)
mozel@ukr.net

OB OJHOM BAHAXOBON AJITEBPE ®YHKIIMOHAJIbBHBIX
OITEPATOPOB C ABTOMOP®HBIMU KOS®DPUITNEHTAMN

[Iycts G - msBecrHas HekoMMyTarubHas rpymnmna HIoTTKH, TOpOXKIEHHAS JIBYMSI
obpasyomumu (M., Haip., monorpaduio 1.) [Iycrs, nanee, A=>" a,W,. Ilycrs Taxxe

g
HopMa B asredpe onpejessercs npasuiom: |||Al||1=) sup, : |a,(2)]. Ilycrs Taxxe

geG
K03 PUIMEHTHI 338,1aI0TCs HA a0COJIIOTe B cMbIcie reoMmeTpun Jlobauesckoro - Boiisin n

[OCTOSTHHBI Ha OPTOIOHAJIBLHBIX K abcosrfoTy ayrax. CrpaBeinBa ey iolas TeopeMa.

Teopema. I[Tycmwv epynna G ydosaemeopaem yrasannovim sviuwe ceoticmeam. Tozda

onepamop A=Y a,W, ¢pedeorvmos (némepos) 6 banazosom npocmpancmee L,(D),
geG

p>1 (3decv D — edununmnviti kpye 6 KOMNAEKCHOT NAOCKOCTN), ECAU U MOADKO ECAU
€20 cumeoa (cm., nwanp., cmamoio H. JI. Bacuaesckozo, ykazannyio nusice) neeupoorc-
den, m.e. Ha 2panuLe eOUHUYHO20 KPY2a Kascdas u3 deyr e20 wacmet omauMHa 0m
nyaa. (Cm., Kpome mozo, ussecmnyro 6 c60é epema cosmecmmyto pabomy C. I Kpeii-
na u B. H. Ywarosot, makxorce yrkazannyio nuoice).

ameuenne. Asmomopdprvie GyrruuY, YKAZAHHDIE GBLULE, U3BECTHDL AOCTATMOYHO
dasro. Cm., nanp., xuuey B. B. Toaybesa, uyumupyemyo Husice, a mMaxice nepeyio

yacms monoepapuu B. B. Ilabama, mootce npusedennyro Huxce.

JUTEPATVYPA
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C. 260 n mmxe.)

5. llabam B.B. Beenenne B xoMmIiutekcHbIH anaau3. U.1. @yHKImN OZHOTO ImepeMeHHOro: YueOHUK s yHUBEPCUTETOB.—

M3na. 3-e . — M. : Hayka, 1985 . - C. 253-256.

M. A. Myparos, IO. C. ITamkosa (Kpsivckuii denepanbHbiii yHUBEPCUTET,
Poccus), B. A. Py6mreiin (Yuuepcurer Ben-I'ypuona B Herese,
N3panib)
mamuratov@gmail.com, j.pashkova@gmail.com, benzion@math.bgu.ac.il

ITIOPAJTIKOBA4A CXOJAVMMOCTDb YE3APOBCKUX CPEJHUX B
CUMMETPUYHLIX ITPOCTPAHCTBAX N3MEPUMBIX ®YHKITNN

[Tycrs (RT,m) — nomynpsimast [0, 00) ¢ 06brunoit mepoii Jlebera m n Lo(R*, m) —
IIPOCTPAHCTBO BCEX KOHEYHBIX MOYTH BCIOAY Ha R M3MEpUMbIX BeleCTBEHHbLIX (DyHK-
mmit, L, = L,(R*,m), 1 < p < oo, (E, | - |[g) — cuMMerpnuHOe HPOCTPAHCTBO
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byukunit uz Lo(RT,m), f* — yOwBaiomas unepecranoska dyuxkuuu |f|, f*(z) =
LS ff(w)du,z € (0,+00), Eg = {f € E: f* € E} u Ry = {f € L1 + Ly :
Fi(+oo=0)}.
[Tocnenosarensrocrs { f,}0° 4
cymecrsytor takue 0 < g, € E, uro |f, — f| < ¢, 1 0.
st kaxkoro nosoxkutesbHoro (L, Lo )-ckarust o @ Ly + Ly, — Ly + Lo omnpeie-

C E nasbiBaercs (o)-cxogsmeiicst k f € E, ecin

JIEHBI 9€3aPOBCKHE CPEJIHUNE
1 n
k—1
An,af:E;Q (f)afEE

Teopema 1. Fcau f € Eg N Ry, mo daa awobozo noaoorcumenvrozo (L, Ly)-
colcamusa o nocaedosamenvuocms wezaposcrus cpednus {A, of} (0)-crodumea 6 E.

Teopema 2. Cacdyroujue Ycro6us IKGUSAACHIHDL:

(1) Hocaedosameavrnocmo {A, o f} (0)-cxodumes ¢ E daa aobot gynruyuu f € E
u 106020 nosostcumenvrnozo (Ly, Ly )-corcamua o;

(2) E=EgNRy;

(3) pg > 1 and 1 ¢ E, 2de pg — nuorcnuis undexce Botda c.n. E.

ITycts M — xoneunast anrebpa ¢pon Heitmana, jeiicTByiomnas B ruibOEPTOBOM TIPO-
crpancrse H, T — TOo4HbI HOpMaJibHbINA KOHeuHblil ciej Ha M, S(M, 7) — *-asrebpa
BCEX T-H3MEPUMBIX OMEPaToOpoB, mpucoeanneHubix Kk M u Ly(M, 7) € S(M,7),1 <
p < 00 — HPOCTPAHCTBO OIEPATOPOB. NHTETPUPYEMBIX € P-il CTEIICHBIO.

Teopema 3. [Iycmov o @ Ly(M, 7) — L,(M, 7) nososwcumenvnoe corcamue, 2 <
p < oo. Tozda das xaocdozo T € L,(M, T) nocaedosamenrvrocms {A, T} (0)-
cxodumea 6 L,(M, 7).
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4. Lindenstrauss J., Tzafriri L. Classical Banach Spaces II. Function Spaces. 1979. Springer. P 327.

5. Mypamos M. A., Quaun B. H. TlopaaxoBas CXOAWUMOCTb B WHIAWBUIAYAJIBHON IPrOJMYECKOil Teopeme JIsi HEeKOMMY-

TAaTUBHBIX TIPOCTPAHCTB Lp U3MEPUMBIX OII€PaTOPOB. Yuenble 3aIMCKH TaBpI/I‘IeCKOI‘O HallMOHAJIBHOTO YHUBEPCUTETAa UMEHU

B.U.Bepuanckoro. 2003. T. 16 (55), Ne 1. C. 17-23.
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M. A. Myparos(Kpsimckuii benepanbHsbiii yausepcurer, Poccus),
B. A. Py6mireiin (YuuBepcurer Ben-I'ypuona B Herese, 3paniinb)
mamuratov@gmail.com, benzion@math.bgu.ac.il

MUHUMAJIbBHOCTbB, YCJIOBUE (C) I TEOPEMA BJIOXKEHU A
A% C X C My

[Tycrs (R, m) — nonynpsimast [0, 00) ¢ obbrunoit mepoii Jlebera m u Lo(R*, m) —
IIPOCTPAHCTBO BCEX KOHEYHBIX NMOUTH BCIOAY Ha RT m3MepuMbIX BemecTBeHHbIX (DyHK-
umit, L, = L,(RT,;m), 1 < p < oo, (X, || - [[x) — cummerpudnoe npocrpancrso (c.1i.)
dbyukuuii uz Lo(RT, m).

I[Iycrs X0 = clx(L; N Ly) — sambikanne Ly N Ly, B npocrpancrse X ¢ wWHIyIw-
posannoii u3 X nopmoit || f|lxo = ||fllx, f € X° Torga (XY || - ||x0) — c.n. Eciu
X% = X, 1o c.i1. X HA3BIBACTCS MUHUMAALHBLM.

Teopema 1. [Tycmv X — munumarvnoe c.n. (603mooicno, necenapabeavroe). Tozda
¢ X evnoaneno yeaosue (C), m.e. ecau {f,} C X, 0< f, T f € X, mosup | fullx =
n

/1%

Iycrs (XY || - [lx1) — c.n., acconuuporannoe ¢ c.ar. (X, | - [x), a (X2 |- [lxu)
— propoe accomuuposannoe. Mssecrno, uro XY C X C XM npuuem || fllxi < ||f]lx
st toboit f € X.

Caencrsue. (1). Jas xasrcdoti pynxyuu f € XY umeem mecmo pasencmeo: || f|lxo =

[ fllx = [1fllx

(2). s waocdoti gynryuu f € Ly N Ly umeem mecmo nepasencmeo: || fllL,nn. >

(x () lx = 1.
(3) XY = Clx(Ll N Loo) = Clxll(Ll N LOO) = (XH)O.

Teopema 2. Ilycmv X c.n. ¢ gyndamernmarvnol pynruyuetd px = V, V — ee
-

HAUMEHDUWAA 602HYMaA madtcoparma u Vi(z) = %, x > 0. Toeda A% X0 C
x
X € X' € My, npuew |fla, = Iflae > [flxo = Iflx dan f € A2 u

1fllx = [Ifllxn = [[fllmy, 024 f € X, 2de Ay u My, coomeemcmeyrouue npo-
cmpancmea Jlopenua u Mapuyunkesuua.

B cnyuae, xorga V' (0o) = oo, npocrpancrso Jlopenna Ay — MIHEMAJILHO, TO3TOMY
AY = Ay CX C My,

B cayuae, xoryia X = X! npocrpancrso X — MakcuMasibHO, T103TOMY A‘171 Cc Xl C
M%} U 3HAYUT A‘~/ CXCMy.

JUTEPATVYPA
1. Kanwmoposuy JI. B., Axunos I. II. ®ynkumonasnpubiit ananu3. 1977. Mocksa. Hayka. C 744.
2. Kpetin C.I., IIemynun FO. H., Cemenos E. M. Nntepnonsimsa smueitHprx omepaTropos. 1978. Mocksa, Hayka. C. 400.
3. Lindenstrauss J., Tzafriri L. Classical Banach Spaces II. Function Spaces. 1979. Springer. P. 327.
4. Bennet C., Sharpley R. Intropolation of operators. 1988. London. Academic Press. P. 469.
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5. Pybwmetn B. A., I'pabaprux I'. 1. Mypamos M. A., Hawxosa FO.C, Pybwmetn B. A. Beenenue B TeOPUIO CUMMETPUYIHBIX

npocrpaHcTB n3mMepumbix dyukmmit. 2014. Cumdepomons. T. 1. C. 204.

. B. Opaos (Cumdeporioin)
igor v _orlov@mail.ru

CYB-OBPATIMOCTDb KOMIIAKTHO3SHAYHBIX CYBJIMHEMHBIX
OIIEPATOPOB U CYBIJIAJIKASA ®OPMA TEOPEM OB
OBPATHOI 1 HEABHOM ®VHKIIUN !

B mepBoit yacTu JIOK/IaJia pacCMOTPEHbI CyOJMHERHbIEe OepaTOPhl ¢ KOMIAKTHLIMU
BBINYKJIBIMU 3HadeHnsiMu. C TaKuM OIepaTOpPOM CBsi3aH MAKeT TaK Ha3biBAEMbIX Oa-
BUCHBIX CEJIEKTOPOB, 00Pa3yIoIIX KOMIAKTHOE BBITYKJIOE MHOXKECTBO B KJIACCUICCKOM
POCTPAHCTBE JTUHEHHBIX onepaTopoB. TeM caMbIM BOIPOC O MHOTO3HAYHOW 0OpaTHMO-
CTU CBOJIUTCS K OOBIYHOW 0oOpaTMMocTu makera Oa3UCHBIX CeJeKTOpoB. [IpuMenenwue
reopembl Kpeitna-MujibMaHna 1103BOJIMJIO JIOCTATOYHO JIETaJIbHO MCCJIEI0BATH TaKyIO
cy6-obpatumocts (cm. [1]).

Onupasich Ha 3TH pe3yJIbTaThl, BO BTOPO# YaCTH JIOKJIaJ1a Mbl PACCMATPUBAEM BOIIPOC
00 0JIHO3HAYHOI 00PATUMOCTH TaK HAa3bIBAEMbIX CyOI/IaIKUX OTOOPaXKEeHU, UCTIOJIB3Y s
alapar KomiakTHbix cyopuddepennuanon. omyuena cybriajkast popma Teopem 00
0OpaTHON ¥ HesTBHOW (DYHKIMH, PACCMOTPEH DsiJl YACTHBIX CJIy9aeB U MPUMEpPOB (CM.

2])-
JIUTEPATVYPA
1. Orlov I V., Smirnova S. I Invertibility Of Multivalued Sublinear Operators // Euras. Math. Journal. 2015. V. 6, Ne 4.
C. 44-58.

2. Opave HU. B. Teopemsl 06 06paTHON 1 HessBHOH (yHKIMX B Kjacce cybraankux orobpazkenuii // Marem. 3amerku. 2016.

T. 99, Ne 4. C. 631-634.

L. E. Persson (Sweden)
lars-erik.persson@Iltu.se

MY LIFE WITH HARDY AND HIS INEQUALITIES

In this lecture I will present some important steps concerning prehistory, history
and current status of Hardy type inequalities. My mainreference is my recent Lecture
Notes from College de France [1]. Especially, I will present some new results which can
not be found in my books on the subject. In particular, I will present a fairly new
convexity approach to consider Hardy type inequalities which was not discovered by
Hardy himself and which give simple proofs and equivalence of powerweighted forms

YccnenoBanue BrImonHeHO 32 cueT rpanTa Poccuiickoro nay4unoro dbomga (npoekT Ne14-21-00066, BoinonuseMbiii B BoponexkckoM rocy-
HUBEPCUTETE. )
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of Hardy’s inequality with sharp constants. in this connection I will focus on my recent

results with N. Samko and S. Samko.
REFERENCES

1. Persson L. E. Lecture Notes, College de France, Paris, November, 2015. — 74 p.

M. A. Pliev (Vladikavkaz, Russia)
maratpliev@gmail.com

DOMINATION PROBLEM FOR AM-COMPACT ABSTRACT
URYSON OPERATORS

The theory of orthogonally additive operators in vector lattices is a growing field of
investigations (see for instance [1-3]. ) The reader is assumed to be familiar with the
theory of vector lattices (see [4]).

Let E be a vector lattice, and let I’ be a real linear space. An operator T': £ — F
is called orthogonally additive if T(x +y) = T(x) + T(y) for every disjoint elements
x,y € b

Let EF and F be vector lattices. An orthogonally additive operator 17" : £ — F' is
called order bounded, if T maps order bounded sets in E to order bounded sets in F'.

The set of all abstract Uryson operators from F to F'is denoted by U(FE, F).

Let E be a vector lattice and F' a Banach space. An orthogonally additive operator
T : E — Fis called AM-compact, if for every order bounded set M C F its image
T(M) is a relatively compact set in F.

Theorem 1. Let E be Dedekind complete vector lattice, F' be a Banach lattice with
an order continuous norm, and T € U, (E, F) be an AM-compact operator. Then

every operator S € Uy (E, F), such that 0 < S < T is AM-compact.

REFERENCES
1. V. Mykhaylyuk, M. Pliev, M. Popou, O. Sobchuk Dividing measures and narrow operators. // Studia Math. 231 (2015),
P. 97-116.
2. M. A. Pliev, M. M. Popov On the extension of abstract Uryson operators. // Siberian Math. J. DOI: 10.17377 / smzh.
2060.01.001.
3. M. A. Pliev Narrow orthogonally additive operators. // Positivity 18, vol. 4, (2014), P. 641-667.

4. C. D. Aliprantis O. Burkinshaw Positive Operators, Springer, Dordrecht. 2006.

D. M. Polyakov (Voronezh)
DmitryPolyakow@mail.ru

ON SPECTRAL PROPERTIES OF 1D SCHRODINGER OPERATOR!

We consider the operators Lg : D(Lg) C L2[0,w] — Ls[0,w], 8 € [0,1], w > 0,
determined by the following differential expressions

l(y) = —y" — vy, where v e Ly[0,w].

1 The work was supported by Russian Science Foundation (project Ne14-21-00066 was carried out in Voronezh State University).
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The domain D(Lg) = {y € W2[0,w] : y(w) = e™y(0),y'(w) = e™y/(0)}, 8 € [0,1].

The eigenfunctions of the second order differential operator have the form e,(t) =
- (2n+0)

e« , wheren € Z, for 0 € {0,1} and n € Z for 6 € (0,1). The Riesz projections
are defined as P,z = (x,e_,—p)e_n—g + (z,€,)en, n € Zy, for 6 € {0,1} and P, gz =
(x,en)en, n € Z, for 0 € (0,1), z € Ly[0, 1].

Let m € Z. be some number. The spectrum o(Ly) has the following representation

O'(Lg) = O(m) U (Un>m+10n)- (1)
Here, o, is a finite set and o, = {Xn}, where Xn is an eigenvalue of operator Ly

(see [1]). Further, for 6 € {0,1}, by P(,) we denote the projection ) P, and by
5=0

Py we denote the projection Y- Pig for 6 € (0,1). Let Q C Z, \ {0,...,m} for

0 €{0,1} and Q C Z\{—m,...,m} for 6 € (0,1). For the sets A = A(Q2) = {\,,n €
O}, A = A(Q) = Uyeqo, the Riesz projections P(A, L)), P(A, Lg) are defined as
P(A, L)z = > Pz, P(A,Ly)x = Y Pz, x € L[0,w]. Here, P, is constructed by

nell nefd
the set g,,. For 6 € (0,1) these projections are defined in a similar way.

Theorem 1. There exists a number m € Z. such that the spectrum o(Lg) has the
form (1). We get the following estimates for spectral projections:

M

P(A, Ly) — P(A, LD |ls € ——.
1P(A, L) — P(A, Ly)||2 Q)

Here M > 0 is some constant and k() = mifrzl n|
ne

REFERENSES
1. Baskakov A. G., Polyakov D. M. Spectral properties of the Hill operator // Mathematical Notes. 2016. V. 99, Ne 4. C. 114~
118.

. A. Tlonakosa (Pocros-na-/lony, Biagnkaska3)
forsitesl@mail.ru

O PA3PEIIINMOCTU CUCTEM YPABHEHUN CBEPTKU B
I[IPOCTPAHCTBAX VJIbTPAAN®PEPEHIIMPYEMbBIX ®YHKIINN
PYMBbBE

B pabote paccmMaTpuBaioTCs IPOCTPpaHCTBA yiabTpaaud deperimpyemMbix pyHKImit Py-
Mbe Ha KOHEUYHOM muTepBaje | = (—a,a):
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£, (1) = {f eC™(I)|¥meN IneN:

jGNO |$|§a7n
3nech ¢ > 0 — 3ajaHHOE YHUCIO0; 0O > ¢ 4 ¢; 0 < a,, T a; w — BecoBast (DYHKITUS;
o (y) = sup{zy —w(e®) : x > 0}, y > 0. [Ipu ¢ = 0 coorBeTCTBYIOIEE TPOCTPAHCTBO
HA3LIBACTCS TPOCTPAHCTBOM MUHUMAJLHOIO TUIA, pu ¢ > 0 — HOPMaJLHOTO THUIIA.

B npocrpancrse S{qw}(] ) uccseyercs cucrema us p, p € N, ypaBHEHU CBepTKU

T.f=hi, 1<i<p. (1)

3J1eChb [1; — CUMBOJIBI yPaBHEHUH CBEPTKH, T. €. (DYHKIIUU U3 MHOXKECTBA

, p(z)] ,
T, — OuepaTopbl CBEPTKU € CHMBOJAMHE [;, JCHCTBYIOIHE JUHEHHO U HEHPEPLIBHO B
IPOCTPAHCTBE wa}(l), 1 < < p. Honoxnm pi:= (p1, ..., pip), Tuf := (L f - Ty, f)
Torpia oneparop T, neficrsyer mueiino n nenpepbisro us £, (1) B (5fw}(l )’

Teopema 1. Ecau 0as cum60406 [y, . . ., [by GONOANACTCA YCAOBUE

p
Ve>0 3B >0: Y |u(z)| > Be @< s e,
=1

mo ker T, = {0} u Im T, samxnym 6 (wa}(]))p, m. e. cucmema (1) odnosnaumno u
HOPMAADHO PA3PEULUMA, 6 wa}(l).
UccnenoBanme ocHOBaHO Ha pesdyibratax paboTsr |1].
JUTEPATYPA
1. Hoaaxosa J[. A. O paspemumoctu HeomHOpomHoro ypasuenums Komwm-Pumana B mpocrpancrBax ¢byukiuii ¢ cucremoit

paBHOMEPHbIX BecoBblx ouenok // 3. Bysos. Marem. 2015. Ne 10. C. 77-82.

B. A. ITonos (Mocksa, Poccus)
vlapopov@gmail.com

YCJIOBUE 3AMKHYTOCTU IIOATI'PYIIIIBI, OIIPEJIEJIIEMON
CTAIIMOHAPHOM IIOJAJITEBPON AJITEBPHI
NHOUMHUNTE3EMAJIbBHBIX N30OMETPUN

Teopema. IIycmov g — anzebpa JIu scex sexmopuniz noaeti Kuaisunea na pumarosom
BEULLCMBEHHO AHAAUMUYECKOM MHo20obpasuu M, b — eé cmayuonapras nodaszebpa 6
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nexomopot mouke p € M, G — epynna, nopootcdennas anrzebpoi g u H — nodepynna,
nopoostcdénnasn nodarzebpoti . Ecau H ne samrxnyma 6 G, mo anreeopo. JIu g u ) C b
obaadarom caedyruumu c60tcmMBEaMmU.

1. g umeem menyresot uewmp j3.

2. Cywecmeyem eexmophnoe noae Z € 3, He NPUHGIAEHCAUEE KOMMYMAHMY A4-
eeopvt g, Z & [g,9], caedosamenvho, cyusecmeyem nodaszebpa gy C @ makas, 4mo
g0 P tZ = g. Jdas moboti makoti nodarzebpu, umeem mecmo pasercmeo dim(goNh) =
dimh — 1.

[IpuBenéM nueio JoKa3aTebeTBa TeopeMbl. PaceMoTpum 3ambikane H rpyrbr H
8 G u nopanre6py Jlu h C g noarpyunst H C G. Topanrebpa b siBisiercss HOpMasib-
Hoit moziasrebpoit anre6pst h. PaceMoTpuM onHomapaMerputeckyio noarpynmny hy € H,
hy ¢ H. Toryma BHyTpenHuit aBTOMOpQU3IM T > Eta:ht_ L 2 € G, asnsmorcs npeesom
MOCJIEJIOBATEILHOCTU BHYTPEHHUX aBTOMOPMU3IMOB T +—> hnxﬁt_ 1, h, € H. Tax xak
BHyTpeHHne aBTroMopbusMbl x +— h,zh ! onpejensior uzomerpun = +— h,r mapa
B C M, to BayTpenHUit aBTOMOPMU3M OIpPeesieT N30METPHUIO X > Etxﬁ,: ! mapa B.
Toryia Juist BCEX JIOCTATOYHO MaJIbIX € ONPEJIe/IeHa JOKAIbHAS N30METPUS T — Ry H,
CJIe/IOBATENBHO, JOKATIbHAS U30METpUs T — Thy. TakuM o6pasoM, YMIOKEHHUsT CIIpa-
Ba HA 9JIEMEHTHI JIOKAILHOM OIHOMAPAMETPUTIECKON TPYIITIBI fy TIOPOZKIAET BEKTOPHOE
noJsie Knjiinara, KOMMyTHDPYIOIIEE CO BCEMU DJIEMEHTAME areOphl (.

Kax 6p110 mokazano Boiie, rpynna (G COIEep:KUT OJHOMapaMeTPIIECKYIO MOATPYIIILY
2 ymHOXenuii cipapa na hy € G C AutG. Ecn by € (G G), 10 2 ¢ (G; G) (aBTomop-
busM, MOPOXKJICHHBI YMHOXKEHUEM CIpaBa He MOXKET ObITh paBHBIM aBTOMOP(MU3MY,
HOPOXKAEHHOMY yMHOMKeHHeM ciesa). BEcim h ¢ (G;G), To cymectsyer noarpyna
Gy C G kopasmeproctu 1 Takas, aro z; ¢ Gy. CremoBarenbro, rpynma G siBisier-
Csl TIPSIMBIM TIPOU3BEJIeHEEM IpyTiibl Gy U OJHOMAPAMETPUIECKO# TTOrpyibl exp(tz).
Jlokasibro jieficreue exp(tz) na muoroobpasun M coBnajaer ¢ JIOKaJbHON U30MeTpU-
eit x + xhy (yMuOKenneMm crpapa). IlosTomy Gop COMEPKUT OTKPBITYIO OKPECTHOCTD
touku p € M u, cieposaresnvho, dim(GoN H) = dimH — 1.

. A. Pomanenko (Cumdepoross)
rom.igor.alex@gmail.com

OIIPEJEJIEHUE SKCTPEMAJIEII BAPUAIIMOHHELIX
OYHKIIMOHAJIOB C CYBIVIAZKUM UHTEI'PAHTOM B
IMIPOCTPAHCTBAX COBOJIEBA W!'P[q; b

s Bapuanuonnbix GyHKIMoHanos B npocrpancrsax Cobonesa W1Pla; b] ¢ umre-
rpaJjibHbIM UHJleKcoM 1 < p < 00 BBOJMUTCS HOCJIEI0BATELHOCT JIOMUHAHTHBIX OLEHOK
pocTa 0000IEHHOr0 TPAJIMEHTa COOTBETCTBYIOIIETO MOPsIKa OT CyOrIa KOro NHTerpat-
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ta. JlokazaHbl cyOHENpepbIBHOCTD U CyOinddepeHnnpyeMocTh BapUAIMOHHOIO (hYHK-
nnonasa B Cl-rmagknx Toukax npoctpancTs CobosieBa MpH MOMaJaHN WHTErPAHTA
B COOTBETCTBYIOIINI KJIACC JOMWHAHTHBIX OIEHOK. [IpuMenenne jaHHOrO ammapara K
HCCJIEIOBAHIIO 9KCTPEMAIbLHBIX BAPHANMOHHLIX 3a1a9 B mpocTpancTsax CoboJieBa mo3-
BOJISIET OIIPEJICJINTDH IKCTPEMAJU BapUANMOHHLIX (DYHKIIMOHAJIOB ¢ CyOrJIaIKUM HHTE-

rpaHTOM (OJIHOMEpHBIH catydaii). PaceMoTpen psiji npuMepos.

JUTEPATVYPA
1. Opaos HU. B. Beenenue B cybimueiiabiii anamm3. CM®H. 2014. T. 53. C. 64-132.

2. Opaos H. B., Pomanenrxo M. A. JJOMUHAHTHBIE OIIEHKW POCTA WHTErPAHTA W TVIAJKOCTh BaPHAIMOHHBIX (DYHKIMOHAJIOB B
npocrpascTBax Cobosnesa. 138. Capar. yu-ta. Hos. cep. Cep. Maremaruka. Mexannka. Uudopmaruka. 2015. T. 15, Bomm. 4.

C. 422-432.

C. A. Pomynkuu (Enen, Poccust)
roshupkinsa@mail.ru

IICEBJOJIOKAJIBHOCTD OITEPATOPOB
KUITPNTAHOBA-KATPAXOBA

Crenys [1], cmewarnnom noarwoim npamoim u obpammuoim npeobpasosanuem Pypoe-
Beccean byHkimm © Ha30BEM COOTBETCTBEHHO BbIPAXKEHUsI

.%M@zgumw%%ﬂwwmﬁ@WWw,
F3lfl(@) = O, Fulf)(~2).

n

e (@, €) = TT (Jan (@:6) = i 25700 (0:6) )

1=1
r'€R,, ¥"ERN_,, a ju-1(t) — j-bynknus Beccensi, cesizannas ¢ dyukuueit Beccenst
2

nepsoro poga J,(t) pasencrsom j,(t) = 2"T'(v + l)J”t—,Et)

Kiacc oHOMEpPHBIX CHUHIYJISPHBIX OIIEPATOPOB Ha OCHOBE 3TOI'0 IIPeodpa3OBaHMUs

seeger LA, Kunpusinoseim 1 B.B. Karpaxossim B [2].
Muoromepnbim onepamopom Kunpusamnosa-Kampaxosa cmenianioro Tuia ¢ CUMBO-
oM a(x; &) HazoBeM omeparop, geiictBytomuii Ha dyaknun u3 S(Ry) mo dbopmyiie
n
FplAu)(€) = [ Jy (', &) e D a(z; Qu(x) T] (27) 7 da.
R i=1
st JIIO6OI‘ON BelecTBenoro uncia s uepes H3(Ry) obosnainm kiace dyukiuii
u€Hs : {||ul 2= JAHEP)? | Falul (&) (€)Y dE}. Kanonnueckuit cunryspubiit nces-
nomuddepennuanbabIil oneparop A ¢ CHMBOJIOM IOPSIIKA OJHOPOJHOCTH 11, UMEET I10-
panok m B H: [[Aulls, < Cllullsymy (om. [1]).
CBOMCTBO MCEBIOIOKAIBLHOCTH JIJIS1 PACCMOTPEHHBIX ONEPATOPOB 3aKJII0UACTCSI B CJIe-
nytoriem (cM. [3]): uist mpousBosibHO# obmacTu T mpuseraoeil K rumepiocKOCTsIM
r; =0, i = 1,n Bemonngerca yenosue u€ HY, u(r)=0, 1€Q* = AucC>(Q7F).
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Teopema 1. Kanonuuecxut onepamop Kunpuanosa-Kampazrosa aersemces ncesdo-

AOKANOHBIM.

JUTEPATVYPA
1. Kampaxoe B. B., Jlazos JI. H. Ilonmmoe npeobpazosanne @Pypoe-Beccens u anredpa cuaryagpubix mncesaoand depeHmaib-
HBIX onepaTopos // duddepennnansusie ypasuenns, 2011. T. 47, Ne 5. C. 681-695.
2. Kunpuanos 1. A., Kampazoe B. B. O6 o1HOM KJjacce OJHOMEPHBIX CHHTY/ISAPHBIX MCeB10au¢ epeHrmalbHbIX 0nepaTo-
pos // Marewm. 6. 1977. T. 104, Ne 6, ¢.49-68.

3. Jlazos JI. H. O KOMIAKTHOCTH W IICEBIOJIOKAIBHOCTH CHHTYJISPHBIX TceBnomuddepenmaababx onepatopos // dudde-

pennmasnbHbie ypasuenus, 1983. T.19, Ne 6. C. 1025-1032.

N. Samko (Lulea, Sweden)
Natasha.Samko@Iltu.se

WEIGHTED SINGULAR OPERATORS IN MORREY TYPE SPACES

We discuss recent results on weighted boundedness of Calderén-Zygmund singular
operators in Morrey type spaces. The obtained conditions of the boundedness are given
in terms of inclusion into generalized Morrey spaces of a certain function defined by
parameters of the space and weight.
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OIIEHKU CUHI'YJIIAPHBIX UYCEJI OKAMMJIEHHOI'O
IIPEOBPA3OBAHINSA 11PN

B Ly(R) paccmorpum yHuTapHoe MHTErpaJbHOE TipeobpasoBanue Ditpu T onpejie-
JIEHHOE PABEHCTBOM

Tu(x) := /Ai(y —x)u(y)dy, u e Ly(R) N Li(R).
R

3aech Ai(z) = 1 f cos( —|—zt dt, z € R, — dynknus itpu. Hac naTepecyior ycioBus

KOMITAKTHOCTH, &, TaK}Ke OIEHKHU CUHTYJISIPHBIX duces oneparopa f1'g npu MoJIXOsIIIX

fi9 € Lajne(R). Pesynbrarsl Takoro pojga MOryT OBITH MOJIE3HBI [IPU UCCJIEIOBAHUH

criekTpa oreparopa [Itapka —dd—; + X, BOBMYIIEHHOTO yOBIBAIOIIUM TIOTEHIINAIOM.
BoJiee Touano, peub noitjier 06 yeaoBusx npuHajieskHoctu oneparopa f1'g cranjpapt-

ubIM KjaaccaM [Ilarrena-cdon-Heitmana &, u knaccam Jlopenna &, ,. B ciayvae p > 2

Takue ycaoBusi ObLin nosyuenbl B pabore [1]. B macrosimem jgoxiage GygayT o6Cy K-

JaThCs yCJI0BUsT IpuHaiexkuocTn oneparopos f1g kinaccam &, u &, , npu p € (0, 2),
€ (0, 4+00]. B Tom wmcsie mbl 006cynum yesioBus sigepaoctu onepatopos f1g.
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Ob OZIHOM METOJAE ITOCTPOEHUSA CIIEKTPAJIbHBIX
COOTHOIIIEHNN J1JIsd HEKOTOPHIX NHTETPAJIbHBIX
OIIEPATOPOB

B pabore uzjoxKeH MeTOJ| IIOCTPOEHUs] COOCTBEHHBLIX (DYHKIUN HEKOTOPHIX HHTE-
IPaJIbHBIX ONIEPATOPOB OCECUMMETPUYHBIX CMEITAHHDBIX 381849 MEXaHUKHU CILIOIIHOM Cpe-
Jibl, ajibrepHaruBHbiii uzsecrnomy meroiy [1]. [ycrs Ms, 1(r) (n = 1,2,3,...) —
MHOTOUWIEHBI 10 HedeTHbIM crenensam r € [0, 1]. Tlpu moctpoeHun cucteMbr 9TUX MHO-
TOUJIEHOB TepBble JBa MHOrowlena BoiGepeM B Buge: Mi(r) = r, Ms(r) = 2r% —r.
CBOICTBO OPTOrOHAJIBHOCTH MHOIOYJICHOB IIPUBOJUT K PEKYPPEHTHOMY COOTHOIIEHUIO

Mgn_l(r) = (AnT’Q + Bn)MQn_g(’l”) + (1 + Bn)MQn_5(T) (TL — 3, 4, 5, ),
(4n — 3)(4n — 5) 4(n—1)(2n — 3)
on(2n —1) ' (4n —3)(4n —7)" "

YeIoBre OPTOrOHATIBHOCTH MHOTOUIEHOB Mo, 1 (1) mosyueHo B BujIE

A, = B, =—

1
20mn

(2n—1)(4n —1)’

0

1€ Oy cumsost Kponexepa, w(r) = r(1 —r?) ™% m,n € N. Anaans nosyucHubx

PE3YJIBTATOB IIPUBOJUT K BbIBOLY, 4T0 MHOIOWIeHbl Mo, 1(T) siBiisiiorcsi cOOCTBEHHbI-
Mu QYHKIUAME WHTErpaJbHoro oneparopa AMsy, 1(r), onpegessiemoro dhopmysoit

oo

w(y)Mzn_l(y)dy{ Ji(uy) Ji(ur)du (r € [0,1]),

AMQn_l(T) =

o .

rie J1(z) — dyakuusa Beccerns. @opmyita st onpeiesieHns: COOCTBEHHBIX 3HAUEHUH A,
oreparopa AMs,, _1(r) mosydeHa B Buje

\ _ m(2n = 1)N(2n — 3)!
To2@2n)(2n - 2)

JUTEPATVYPA

n € N.
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Hayxa, 1982. 344 c.
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IIOPAJIKOBBIE CBOMICTBA HOPMBI B TIPOCTPAHCTBAX
OPJINYA-JIOPEHIIA USMEPUMBIX OIIEPATOPOB,
NMPUCOEJIMHEHHHBIX K ITOJIVKOHEYHON AJITEBPE ®OH
HEMMAHA

[Tycrs M — nosykoneunas asirebpa ¢dpon Heiimana, P(M) — pererka Bcex opro-
POEKTOPOB B M, T — TOUHBIH HOpMaJIbHbII 1OJlyKOHEeUHbIH ciej Ha M u S(M, T)
— s-ayirebpa BCexX T-U3MEPUMbIX OIEPATOPOB, TPUCOETUHEHHBIX K M. .

Herospacratoreit nepecranoBkoii oneparopa T € S(M, T) nasbiBaercst QyHKIHsT
w(T)(t) = nf{||TP||pm: P € P(M),7(P+) < t}, t>0.

Jluneitnoe moampoctpanctso E C S(M, 1) ¢ banaxoBoit Hopmoit || - |g Ha3bIBaeTCS
cUMMeTpUIHbIM TpocTpatcTBoM Ha (M, 1), ecmuuz T € E, S € S(M, 1) u p(9)(t) <
w(T)(t) post moboro t > 0 caepyer, aro S € Eu ||S]|g < ||T||g-

Banaxoso npocrpaucrso (E, H : HE) HaSHIBAETC BIOJHE CHMMETPHIHBIM, €CIH 13

roro uro T' € E, S € S(M, 1) f,u f,u t) dt pyist Beex x > 0 caepyer,
aro S € Eu ||S|g < |1

Hopwma BrmosmHe cmMMeTprndIHOTO IpocTpaHcTBa E

— TIOpSJIKOBO HempepbiBHa, eciin u3 T, | 0 B E cienyer, aro ||T,||g | 0;

— MOHOTOHHO noJiHa, eciin u3 0 < T, C E, sup ||T,||g < oo caepyer, uro cyuiecrsyer
supT, =T € Eu ||T||g = sup||Ta]|e-

IIycts @ u W dyukiuu Opinya u JIopenna coorsercrBento. IIpoctpancrso Opitmya-
JlopeHrtia onpejesnsieTcsi Kak MHOYKECTBO

Aow =Aow(M,7)={T € SIM,7): u(T) € Apw(0,00)}

C HOPMOWA

oo

1T Ay v M) = inf { @ > 0, /@(
0

KOOy <1,
a
rie Ag (0, 00) — npocrpancrso Opsmtia-Jlopenma na mosrynpsimoit (0, 00).
Teopema 1. (Ao w, || - [|Apy) — 6ROANE CuMMEMPUMIOE NPOCTIPANCINGO, HOPMA
KOMOP020 MOHOMONHO NOANA.
Teopema 2. Fcau dynxyus Opaiuva ® ydosaemeopaem Ao ycarosuro u W nenpe-
puisha 6 nyae, mozda npocmpancmso (Aew, || - ||Agy) 00aadaem nopadroso nenpe-
POLEHOUT HOPMOTL.



«Copepxanue»
D YHKIIMOHAJIBHBIN aHAN3 W TEOPUST OTIEPATOPOB 46

JUTEPATVYPA
1. Chilin V., Litvinov S. Individual ergodic theorems in noncommutative Orlicz spaces // Positivity 2016. (Published online:
26 February 2016 DOI 10.1007/s11117-016-0402-8)
2. Dodds P.G., Dodds T.K., Pegter B. Fully symmetric operator spaces // Integr. Equat. Oper. Theor 1992. Vol. 15,
P. 942-972.

3. Mypamos M. A., Quaun B. M. Aire6pbl M3MEPUMBIX U JIOKAJIBHO H3MEPUMBbIX OItepaTopoB, Tpyast THCTUTYTa MATEMATUKA

HAH VYxpaunsr Tom 69, 2007. — 390 c.

®. C. Crougkunu (Cumdbeporioin)
fedyor@mail.ru

TEOPEMBI OTAEJIMUMOCTHU B CYBJIMHENHBIX
HOPMHNPOBAHHBIX KOHYCAX !

B pabotre Bbijiesien Kjacc CyOJMHENHBIX KOHYCOB, KOTOPbIE OTJIMYAIOTCS OT BbIITYK-
JIBIX KOHYCOB OTCYTCTBHEM BTOPOI'O JUCTPUOYTUBHOIO 3aKOHa. B TepMuHaX BBIIYKJIOM
1 adhuHHON 000JI0YEK JIEMEHTa TaKOI'0 KOHYCA IPEJIJIOXKEHbI COOTBETCTBYIOIINE aHa~
JIOTW BTOPOTO AUCTPUOYTHBHOTO 3aKOHA. [focTpoeHbl puMephl CyOJIMHEHHBIX KOHYCOB
KaK 00Jia IaloiinX, TaKk 1 He 0018 1al0IuX TaKUMU cBOiicTBaMu. BpejieHo nonsitue cyo6-
quHeitnoro HopMuposanuoro konyca (CHK), ormmaurenbhas gepra kotoporo — Jo-
MOJIHUTETHhHBIE aKCHOMbBI, KOTOPhIE MOT'YT HE BhITEKATH W3 CTAHIAPTHOTO HADOpa, eCJIu
CHK He ecth jinHEHHOE TPOCTPAHCTRO.

B cybnmHeHHBIX KOHYCaX ¢ BBINYKJIBIM WK adOUHHBIM aHAJOIOM BTOPOTO JUCTPU-
OYTHBHOI'O 3aKOHA, 8 TaK»Ke C 3aKOHOM COKPAIIeHUsI [OJIyUYeH aHaJor TeOpeMbl XaHa-
Banaxa o npogo/mKennn JuHeiiHOro (hyHKIIMOHAJA ¢ COXPAHEHNEM BBITTYKJIOWH OIEHKH,
a TaK»Ke HEKOTOPBIE CJICJCTBUS — AHAJIOr JIeMMbI 00 OMOPHOM (DYHKIMOHAJIE U aHAJIOT
TEOPEMbI O Pa3J/ieJIeHUU TOUYEK JIMHEHHBIMUA OTPpAHUUEHHBIMU (DYHKIIMOHAJIAMHE.

Ha 6a3e sToro pesysbrara jiokazanbl Teopembl 00 orjenumoctu B CHK, BBejeno
MOHSITHE CONpPsKEHHOTO KoHyca u npocrpancrBa Kk CHK, jgokazama Teopema o Jin-
HeiHOM, MHBbEKTUBHOM 1 u3oMmeTpuanoM Biaoxkennu CHK B nmHeitHoe HOpMupOBaHHOE
npocTpaHcTBo. JlokazaHa BO3MOXKHOCTH IIEPEHOCA IIOJYUEHHBIX Pe3yJIbTAaTOB B CIICIH-
asbHbIil Kaace CHK, we obJa1aomnmx 3aKoHOM COKpAIeHHsI.

B kauectBe npuiioxkenuit Ha Kjaace cenapabdesnbabix CHK nepenecen anaJsior reopembl
Hamxkya-FOur-Cakca 0 mpousBOJHBIX duCIax 1], 9TO MO3BOJUIO MEPEHECTH B KJIACC
CHK nekotopble pe3ysibTaTbl TEOpUM KOMIIAKTHBLIX cyOjuddepeHnuaioB mepBoro u
BBICIIINX MOPSIIKOB [2].

AUTEPATYPA
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CUCTEMBI UHTETPAJIbHBIX YPABHEHUN TAMMEPIIITETHA C
YACTHBLIMU UHTETPAJIAMU B ITIPOCTPAHCTBE CV"(D) !

Paccmorpum cucremy

x(t,s) = (KFz)(t,s), (1)
rie z(t,s) = (21(t,5),...,2,(t,8))1, K = (Kij)i =1,

(Kijay)(t,s) = [ Lij(t,s,7) f5(7, 8, 25(7, 8))dT + fmij(t,s,a)fj(t,a, zj(t,0))do+

t s
+ [ [nij(t,s,7,0) fi(r,0,2;(7,0))drdo, i=1,..,n,
oneparop cynepnosunun (Fz)(t,s) = (fi(t,s,x1(t,s), ..., fo(t, s, 2,(t, s))T, t € [a,b],
T € la,t], s € [c,d], 0 € [c,s], u € (—o0,+00), li;(t,s,T), mi(t,s,0) un(t,s,7,0) —
Berecrsennbie dynxnun. Jepesz C1) (D) 0603HATMM MPOCTPAHCTBO HEMPEPBIBHO (-
depennupyembix va D = [a,b] X [c,d] dyukuuii, a wepes CV"(D) - npocrpancrso
BekTop - bynknuit x = (1,...,2,), rae v; € CH(D)(j =1,...,n).

Teopema 1. ITycmo l;j, mij, nij — HENPEPLIEHBIE BMECTNE CO CEOUMU UACTVHOLMU NPO-
u3600nbLMU NEP6020 nopadra no t u s Pynryuu, f; — nenpepueno duddepenyupyemoie
dynryuu na D X (—oo,+00) (1,5 = 1,...,n), ydosremesopaousue ycaosuro Jlunuiu-
ua no nocaednetd nepemennoti. Tozeda cucmema (1) umeem ¢ C™(D) eduncmeenmoe
PEUWEHUE, KOMOPOE MOANCHO HATIMU MEM0JoM NOCACAOGAMENHBLT NPUBAUNCEHUT.

OTmeTnM, 9TO CBOMCTBA JIMHEHHBIX W HEJIMHEHHBIX OTIePATOPOB M yPABHEHUI ¢ TacT-
HbIMU UHTErpaJaMu B pa3juiHbIX (PYHKIMOHAJBHBIX IPOCTPAHCTBAX UCCJIE/I0BAJIUCH B
[1-2].
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1. Kaaumeun A. C. HesmHeliHbIEe 0TIEPATOPHI ¢ YaCTHHIMU wHTErpasamu. Jlunenk: JITTIY, 2014. — 208 c.
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CJIABO INEPNO/INMYECKUE MEPBI 'MBBCA /1JI4d HARD-CORE
MOJEJIN HA HEKOTOPOM NMHBAPUAHTE

[ycts 7% = (V, L) ects nepeso Kamm mopsgka k > 1. Ussecrno, aro 78 Moo

npejcraBuTh Kak G - cBobojnoe npoussegenue k + 1 IMKIMUECKUX TPYII BTOPOTO

nopsaiika (cm.[4]). Myers ® = {0,1} u 0 € ®"-kondurypanus. Kouburyparus o

Ha3bIBACTCS JOMycTUMOi, ecn o(x)o(y) = 0 mis sobbix coceqanx (z,y). Lamuabro-

rnuan HC-mozenn onpejesisiercst o dopmysie H(o) = J Y o(x), ecian o— jonycrumvast
eV

u H(o) = +00, eciin o—He JIOIyCcTHMAS. )

Omnpenenenne Mepbl ['nbOca 1 APYTrUX MOHSTHI, CBSI3aHHBIX ¢ Teopueit mep ['uboOca,
MOXKHO HaiiTu, Hanpumep, B pabore [4]. B pabore |2] nokazana euHCTBEHHOCTD C1a0b0
epronieckoit Mephl ['nb0Ca It HOPMAJILHOIO JICJIUTEJIST WHIEKCA JIBA.

Nssecrno [1], uro kaxoit mepe ['ub6ca jist HC-mojiesin MOXKHO CONOCTABIISATD CO-

BOKYITHOCTD BEJIMYUUH 2, = {2, € Gy}, ynosaersopsiomux z; = [ (1 + Az,)~ !,
yeS(x)
rjie S()- MHOXKECTBO HPsIMbIX OTOMKOB Touku - € V' u A > 0- napamerp.

[Tycts A C {1,2, ..., k+1}, i = |A|—montrocts MuoxkectBa A u Iy = {(21, 22, 27, 28) €
RY: 21 = 27, 29 = 23} MHBapHMaHTHOE MHOKECTBO, olpejiesentoe B padore [2|. Creny-
[oIasi TeopemMa yJydIiaeT OJuH U3 pe3yJbTaToB paborsl [2]:

Teopema. IIycmo k = 2,1 = 1, ., = 4. Toeda dna HC-modeau 6 cayuae mop-
MaAbH020 deaumens undexca wemwpe nwa Iy npu N > .. cywecmeytom posrno mpu
caabo nepuoduueckue mepv, Tubcca, 00na U3 KOMOPHIT ACAAECMCA MPAHCAAUUOHHO-

UHBAPUANMHOT, 0CmarvHbie d6e cAab0 nepuodudeckumy (He nepuoduieckumu).
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HETJIAJIKNE SKCTPEMAJIBHBIE BAPUAIIMMIOHHBIE 3AJTAYN B
MHOTOMEPHOM OBJIACTU

Bapuanuontbie 3aja4u ¢ HEIVIQJKUM UHTEI'PAHTOM COCTABJISIOT BaXkKHYIO 4aCTh CO-
BPEMEHHOTI'O BapUAIIMOHHOTO UCUNCAeHus. Tak, HalrpuMep, BBeJIeHne MOIYJIA MO/ 3HAK
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KJIACCUYIECKOI'0 BapPUAIMOHHOIO (DYHKIIMOHAJA Y2Ke IIPUBOJIUT K SKCTPEeMaJIbHOI 3a/1a1e,
KOTOpasi He TOJIJIAeTCs MCCJIEJIOBAHUIO KJIACCMIECKUMU METOJaMU, BBUJY HAPYIICHUS
IJIaJIKOCTU UHTErpaHTa.

B 1o 00HBIX CHUTYaAIUsSIX OOBITHO MPUMEHSIIOTCS METOJbl HErJIaJKoro aHaJju3a, KC-
HOJIB3YIOIIUE PA3JIMIHbIC TUIILI CYyOud depeHnnaion, KaxK iblii 13 KOTOPbIX UMEeT CBOU
MPEUMYIIECTBA U CBOIO Pa3yMHYIO 00J1aCTh TPUMEHUMOCTH.

Hannas pabotra nocssiena npujoxenusam K-cyopuddepenimaibHOro ncuucienust
K HCCJIEIOBAHIIO SKCTPEMAJbHBIX BAPUAIMOHHBIX 3aJIa9 ¢ HEIVIAJKUM (a4 UMEHHO Cy0-
NIaJIKMM) WHTErPAHTOM (MHOTOMEpHBIH ciydaii). Pabora comepXuT BapHannoHHbIE
npuiokenusi reopun K-cyoiuddepenimaion mepBoro mopsijika K 3KCTpeMaJsbHbIM 3a-
JadaM ¢ cyoriankum naTerpanToM. Ilonyuena ornenka nepsoro K-cyoauddepennnala
JUUIsl BapUAITMOHHOIO (PYHKITMOHAJA C CYOIVIaJIKUM MHTErpaHTOM. PaccMOTpeHbI YacT-
HbIE CJIyYau, B TOM YKCJIe CIydail KOMIIo3uIuu cyoryiaakoit u riajakoi pyukmuit. [Tosry-
YeH KOMITAKTHBIN BBINYKJIbIH aHAJIOr BapUalMOHHOTO ypaBHeHusi Jditaepa-Ocrporpa/i-
ckoro. PaspaboranHasi MeTOIUKA IIO3BOJISIET HAUTU B Psjie CAYyUYaeB IVIAJIKYI0 CyOIKC-
TpeMaJib, KOTOpas He MOJJAaeTCsA OIPEIeICHIIO KJIaCCUIeCKUMHI MEeTO/IaMU, BBUJLY CYyO-
iajikocTu uHTerpanTa. Ha 6aze teopun K-cybnuddepeniinaios BbICIHINX MOPsJIKOB,
moJiyueHa, oleHka BToporo K-cybauddepennuania Bapuannonnoro dyukimonasaa. C
IIOMOIIIbIO 3TOH OIEHKHU IIOJIyUYE€H COOTBETCTBYIONIMN AHAJOI HEOOXOIUMOI'O YCJIOBUSA
Jlexkanpa. Takyke mosrydeH cyOriajgkuii aHajor JOCTATOYHOI'O YCJIOBUsI B TEPMUHAX

recCuaHa MHTEIrpaHTa.
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ON THE RIGHT-SIDE RESOLVENTS OF WEIGHTED SHIFT
OPERATORS

A family of operators R()\) is said to be Right-side resolvent of a linear bounded
operator B, if (B — A[)R(A\) = I and R(\) depend on A analytically. If right-sided
resolvent is defined on the unit circle then the resolvent can be represented by Laurent
series

+00 —1

R(N) =) NB*YI-P)-) NB*'P
k=0 —00

where P is a bounded operator [1].
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We consider discrete weighted shift operators acting on the space l5(Z) by Bu(k) =
a(k)u(k 4+ 1), k € Z where a(k) is a bounded sequence [2|. Now let

L, ={ue lL(Z,C") : nou(0) + mu(l) + ... + nupu(m) =0 for m > 0}.

Our problem is to construct right-sided resolvent defined on the unit circle such that
ImR(X\) = L,. The result in this talk formulated in the following theorem:

Theorem . Let limy 4 |a(k)| = a(+o00) and a(—o0) < 1 < a(+00). The right-
sided resolvent R(A) exists if and only if P, ,(X) # 0 for|]\| = 1, where P(\) =

m
>
—1 N
k—0 Hj:o a(j)
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A.B. IInmknu (Ciaaauck-Ha-Ky6ann)
shishkin-home@mail.ru

OJHOPOJIHBIE YPABHEHI S CUMMETPUYHON CBEPTKN

[lycts w(z) — menas dyukmus, C[¢] — xombro muorowienos, Clr(z)] — Koib-
110 MHOI'OYJICHOB OT 7T(Z) JIMHeinbIii HENpepBIBHBIN omepaTop sSym, JeidCTBYIONIUi
B IIPOCTPAHCTBE HEJbIX (DYHKIMIA, HA3LIBACTCS ONEPATOPOM T-CUMMETPU3AINN, €CIIN
syml = 1, sym C[(] = Cln(z)]. B mokuaje Oyiuyr chopMympoBaHbl JOCTATOUHBIE
YCJIOBHS Ha 1eTy10 QYHKINO 7(2) U Ha OmepaTop Sym, IpU KOTOPBIX JI0O0E PeIeHne
JIJIsT OJIHOPOJIHOTO ypaBHeHus m-cuMMerpuaHoii ceeprku (S, sym f(z + h)) = 0 MOxKHO
AIPOKCUMUPOBATH JIeMEHTapHbIMU pelieHusivu. Tounee, Ha (yHKIwioo 7(z) HaKIa-
JIBIBAIOTCS OPAHUYEHUsT TUIIA ONEHOK CHHU3Y, a JIJIS OIlepaTopa Sym IIPEeNoJaraeTcs
BBIIIOJIHEHHBIM CJIEJIYIOIIEee YCJIOBHeE: s J1I000ro € > () BLIIOJIHSIEeTCsS HEPABEHCTBO

1
m Tm L <M) oL
n—+oo z—to0 n \  expe|z| ee
[Tonyuennblit pe3yabrar KOPEHHBIM 00PA30M PaCHIUPSET CEMEHCTBO OJHOPOIHBIX
ypaBHEHUI THUIIA, CBEPTKU B HPOCTPAHCTBAX aHAJUTUUECKUX (DYHKIMI (Ha BBIITYKJIBIX
o@nacmx), peleHre KOTOPBIX MOJYUMIO KcuepibiBaoliee onucanne. OH moTpedoBaJ
Cepbe3HON MOJATOTOBKU U JIOKAa3aH 110 CJICYIONEl cxeme:
1) rnepexoy;, OT 3a/la4v CIHEeKTPaJbHOrO CUHTE3a B IIPOCTPAHCTBAX AaHAJUTUYCCKUX
dyHKIMI K 3aja4e JOKAJbHOI'O OIMCAHUS B IIPOCTPAHCTBAX 1EJbIX (DYHKIIMT [1, TEeO-
pema 3|;
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2) cBeJleHMe 3aJ1aUd JIOKAJIBHOIO OLMCAHUSE K 1IPODJIEME HOJMHOMUAJIbHO AlllPOKCH-
MaIl¥ B CIEIHaJbHOM BECOBOM IIPOCTPAHCTBE Mesbix dbyHKuii [1, Teopema 4];
3) perenne npobaembl (haKTOPU3AIIHN [EJIbIX T-CHMMETPHIHBIX (QYHKIMH 9KCITOHEH-

IMAJIBHOrO THIa |2, Teopema 2|.

JUTEPATVYPA
1. HTuwkun A. B. TIpOeKTHBHOE 1 NHHEKTUBHOE ONUCAHWS B KOMILIEKCHOiT obsactu. [Isoiicteennocts // 3. Capar. yH-Ta.
Hos. cep. Cep. Maremarnka. Mexanuka. lladopmaruka. 2014. T. 14, Ne 1. C. 47-65.

2. Huwkun A. B. ®akropu3anms IeabIX CHMMETPUHIHBIX QyHKImi sxcronermmanbuaoro tuma // Wss. Capar. ym-ta. Hos.

cep. Cep. Maremarnka. Mexannka. Undopmarmka. 2016. T. 16, Ne 1. C. 42-68.

A. A. Shkalikov (Lomonosov Moscow State University)
shkalikov@mi.ras.ru; ashkaliko@yandex.ru

THE LIMIT SPECTRAL GRAPH IN THE SEMI-CLASSICAL
APPROXIMATION FOR NON-SELF-ADJOINT STURM-LIOUVILLE
PROBLEMS

The limit distribution of the discrete spectrum of the Sturm-Liouville problem with
complex—valued analytic potential on an interval, on a half—axis, and on the entire axis
is studied. It is shown that at large parameter values, the eigenvalues are concentrated
near the so—called limit spectral graph; the curves forming this graph are classified.
Asymptotics of the eigenvalues along curves of various types in the graph are calculated.

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

M. A. IITy6apun (Pocros-na-/lony)
mas102@mail.ru

YTO TAKOE "TYIIMKOBOE" IIPOCTPAHCTBO

Tymnukossie npocrpanctsa B paborax b. C. Mutsarun [1] u B. C. Mursarun — I'. M. Xen-
KWH [2| nCmonb30BaIich JIIst OKa3aTeIbCTBa CYIIeCTBOBAaHNs Da3nca B TPOCTPAHCTRE
@pertie Mpu JOMOJHATEILHOM YCJIOBUH, KOTOPOE OIMUCHIBACTCST TEPMUHAX TPUHAIJIEXK-

HOCTH 9TOTO MPOCTPAHCTBA MPOCTpancTBeHHBIM uieanam (DN) u (§2).

st JIoKaJIbHO BBINYKJIbIX HpocTpaHcTB E, F' Oyjnem nucars B — F' eciin B siBiisi-
eTcsd BEKTOPLIM MOAIPOCTPAHCTBOM B F', omepatop Bjioxkenud j : [/ — F' #HenpepbiBen
1 0O6pa3 ATOro olepaTopa BCIOAY IJIoTeH B F.

IHycmoy X — npocmpancmeo @Ppewe, X — 0anaroso npocmparcmeo. IIpocmpan-
cmeo X bydem nasvieamo caabo mynuxosvim ors X, ecau Xoo — X. IIpocmparncmeo
X bydem nasvieamsv mynukosvim s X, ecau Xoo — X u cywecmsyem "vopowee”
cemeticmeo [Frlrcq,1) unmepnosauuonnos Gynxmopos (onpedesénnvix na xamezopuu
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UHMEPTOAAYUOHNYLT NAP OANATOGVLT NPOCMPAHCME) MAKoe, 4mo

X = limproj F- (X, X))
7€(0,1)
das nodrodauiezo banaxosa npocmparncme Xog marozo, wmo X — Xg. IIpocmparcmeo
Xoo bydem masvieamsv cusbHO MYNUKOBLM 044 X, €CAlU BHINOAHAIOMCA CACIYIOULUE
YCAOBUA:

1. X Aasagaemea carabo mynukosvim ora X ;
2. L(Xw, Xs) C L(X, X).

B noknane npemmnonaraeTcs OTBETUTDh Ha, CJAETYIONIMI BOIPOC: TPU KAKUX YCJIOBHUIX
JUIst ipocTpancTBa Dperre CymecTByeT TYMHKOBOE MPOCTPAHCTRBO?!

JUTEPATVYPA
1. Mumazun B. C. DxBuBajeHTHOCTH 6a3uUCOB B ruyibbeproBbix wkasax // Studia Math. 1970. v. 37. p. 111-137.

2. Mumaeun B. C., Xenxun I. M. JIuneiinsre 3a1a4m KOMIUIeKCHOTO aHaan3a // YMH. 1971. 1. 26, sem. 4. C. 93-152.

Y. V. Elsaev (Grozny, Russia)
zelimus-951@mail.ru

THE DUAL SPACE FOR A HILBERT A-MODULE

The theory of Hilbert A-modules is widely represented in literature [1 —3]. A Hilbert
A-module E over a locally C*-algebra A (or a Hilbert A-module) is a linear space that
is also a right A-module, equipped with an A-valued inner product (-, -) that is C-linear
and A-linear in the second variable and conjugate linear in the first variable such that £

1
is complete as topological vector space with the family of seminorms ||z||y = ||{(z, z)||}.

Let E be a Hilbert A-module over locally C*-algebra A. The vector space of all
continuous A-homomorphisms from E to A is called a module dual space for E and

denoted by E'. By (H4) is denoted a standard Hilbert A-module. Let A be a locally C*-
algebra with the family of seminorms (py)xea. By S is a denoted a set of all sequences

k
(Yn), yn € A, n € N, such that for every A € A there exists Cy, such that p,\( 3 y;‘yz) <
i=1

Ch; k€ N.

Theorem 1. Let A be a unital, locally C*-algebra with respect of the family of
seminorms (px)rea- Then (Hq) = S.

REFERENCES
1. Manytinoe B. M., Tpouykuii E. B. C*-rumb6eproBb momyiu.—M.: @akropuas, 2001.
2. Joita M. Hilbert modules over locally C*-algebras. University of Bucharest Press, 2006.

3. Lance E. C. Hilbert C*-modules. A toolkit for operator algebraists. Cambridge University Press, 1995.
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M.Y. Axmuboes (Camapkanackuii dusman TYUT, V3bekucran)
yahshiboev@rambler.ru

OIINCAHUE JAPOBHBIX MHTEI'PAJIOB B TEPMUNHAX
YCEYEHHDBIX JPOBHbBIX ITPOU3BO/IHbLIX C “ IIEPEMEHHBIM”
YPE3SAHUEM

B pabote [1| paccmarpuBarores pasiudHbIe CIIOCOOb! ypesaHusi KoHcTpykiuit Mapio-
Anamapa-Yxkenst st gpodnoro auddepennuposanns DY f . B nannoit pabore pac-
CMATPUBACTCs OLUCAHUE JIDOOHOIO MHTErpaJa B TEePMUHAX YCEUEHHDIX JPOOHBLIX IIPO-
U3BOJHBIX C “TIepEeMEHHBIM ype3aHUEM.

Onpegyenue. 3adurcupyem npouscosvHy0 MoKy ¢ € R}r. s pynrkyuu o(x),
sadannoti na noayocu v € RY unmeepan

C
a—1 g4
! [o@) ()" % 0<z<ec
Lep) (x) === %
-1
[(a) [ o(t) (ln %)a %, c < x < 400,
C
Ha3bi6aAEMCA UHMe2Pasom dpobrozo nopadka « (o > 0), no Adamapy- Yorcena.

Onpenenenne. 3adurcupyem npoussoavnyro moury ¢ € RL . Taa pynwuyuu f(z),

sadannoti na noayocu RL, ewpasicenue

] gL [ft) () "L, <z < oo,

Il —a) _gg%jf(t)(lni)_adt 0<z<c,

)

(Def) () =

bydem nasvieamo dpobrot npoussodnoti Adamapa- Iorcens nopadra o, o € (0, 1).

Teopema. /[as mozo, wmobwv. f(x) 6wvia npedcmasaena 6 eude f = Jlp, ¢ €
Lylgoc (Ri,d—w), 2de o € (0,1), ¢ € RY, 1 < p < +oo neobrodumo u docmamouno,

i
«
f(x) € Lﬁfc (R}r, d?x) u 6 Léoc (R}H df) CYULECTNBOBAN

ymobw, | In %

1 1
lim (D¢, f) (), 2de p = p(x) = ‘ln%‘ln;, S <p< L.

p—1
/()
(1 - oz)‘ InZ

¢, = lim (Dgpf) (x) = =+

p—1




«Copepxanue»

D YHKIIMOHAJIBHBIN aHAN3 W TEOPUST OTIEPATOPOB 54

JIUTEPATVYPA
1. Samko S. G, Yakhshiboev M. U. A Chen-type Modification of Hadamard Fractional Integro-Differentiation. Operator

Theory, Operator Algebras and Applications. Springer Basel, 2014. C. 325-339.
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A.V. Abanin (Rostov-na-Donu, Russia)
abanin@math.sfedu.ru

EFFECTIVE (SAMPLING) SETS FOR HORMANDER ALGEBRAS'

Sampling sets for Banach spaces of holomorphic functions in a domain €2 with
uniform or integral weighted norm are those subsets S of € such that the similar
norm defined by the restrictions of functions to .S is equivalent to the original one.

They have been studied intensively by many authors (Domanski, Lindstrom, Marco,
Massaneda, Ortega-Cedra, Seip, Thomas).

In the general setting of locally convex spaces the concept of sampling sets coincides
with the notion of sufficient sets introduced by Ehrenpreis in 1970.

For weighted (LB)-spaces it is natural to use the concept of weakly sufficient sets
given by Schneider in 1974.

In 1997 Horowitz et al. [1| defined sampling sets for the (DFS)-space A~ of holomor-
phic functions in the unit disk ID with polynomial growth as those subsets .S of D such
that the types of any function from A= on D and S coincide.

A year later Khoi and Thomas [2] showed that every sampling set for A~ is weakly
sufficient for this space but the converse is not true.

We have recently revealed the topological structure of A~*-sampling sets [3].

In this talk it will be presented a new approach to study sampling sets for Hormander
algebras of a general type. The family of Hormander algebras is rather large and
contains many well-known spaces; in particular, A=, the space of all entire functions
of exponential type, and the space of Fourier transformations of distributions with
compact support in the real line. It should be noted that from some reasons we prefer to
use the term effective sets instead of sampling ones. Our main results show that effective
(sampling) sets for a Hormander algebra H is exactly universally weakly sufficient ones
for the Hormander spaces of mean type having H as the inductive limit space.

REFERENCES
1. Horowitz C., Korenblum B., Pinchuk B. Sampling sequences for A~°° // Michigan Math. J. 1997. Vol. 44, Ne 2. P. 389-398.
2. Khoi L. H., Thomas P. Weakly sufficient sets for A™°°(D) // Publ. Mat. 1998. Vol. 42, Ne 2. P. 435-448.

3. Abanin A. V. Sampling sets for the space of holomorphic functions of polynomial growth in a ball // Ufa Math. J. 2015.
Vol. 7, \e 4. P. 3-13.

IThe research was supported by Russian Foundation for Basic Research under Project 15-01-01404
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T.M. Andreeva, A.V. Abanin (Rostov-na-Donu, Russia)
metzi@yandex.ru, abanin@math.sfedu.ru

DUALS FOR HOLOMORPHIC WEIGHTED SPACES IN
CARATHEODORY 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 € HE) : |Ifllo = sup | f ()|~ < oo}

For a decreasing (increasing) sequence of weights V' = (v,) define the projective
(inductive) limit HV (G) := proj H,, (G) (resp., VH(G) := ind H,, (G)). In the talk it
will be presented new results concerning the description of the duals of HV (G) and
VH(G) for nonconvex domains G when the Cauchy transformation of functionals is
used. This problem was studied before in [1-3] for weighted sequences of particular
types.

Our main restriction on a projective weight sequence is that there exists a positive
function p(z) < dist(z, 0G) such that for any n € N there is €}, > 0 with

1
—rleate ria(e) + 10 o) = Cnt iy Q) V2 € G
For the inductive case it is enough to interchange v,,.1 and v,,. We assume additionally
that G is a Carathéodory domain.

Under these restrictions, the Cauchy transformation of functionals establishes an
isomorphism between HV (G) (or VH(G)) and a certain space of functions that are
holomorphic out of G, vanish at infinity and have an infinite differentiable extension g
into G with a given estimate of dg/0z.

REFERENCES
1. Trunov K. V., Yulmukhametov R. S. Quasianalytic Carleman classes on bounded domains // St. Petersburg Math. J. 2009.
Vol. 20. P. 289-317.
2. Varziev V. A., Melikhov S. N. On a dual to the space of analytic functions of polynomial growth near the boundary //
Vladikavkaz. Math. J. 2008. Vol. 10, Ne 4. P. 17-22 (in Russian).

3. Abanin A. V., Le Hai Khoi. Cauchy transformation and mutual dualities between A~°°(2) and A*°(CQ) for Carathéodory
domains // Bull. Belgian Math. Soc. Simon Stevin. 2016. Vol. 23. P. 87-102.

IThe research was supported by Russian Foundation for Basic Research under Project 15-01-01404
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O. A. Baok, I'.II. Emrymesa (Mocksa)
oleg bayuk@mail.ru, galina emg@mail.ru

COBMECTHOE IIPUBJIM>KEHUE ®YHKIINN 11 X
ITPOMN3BO/JAHBIX C NCITIOJIBSOBAHUWEM ITOJIMHOMOB
I'EJIbO®OHIA

UsBectHo, uro 1npousBojiHas 1ojinHoMa [ejibdonjia ¢ TOYHOCTHIO JIO HOCTOSHHOI'O
MHOXKHUTEJIST paBHA MOJuHOMY ebbiieBa mepBoro poja bosee Hu3Kkoil cremenu |1]. Dto
CBOMCTBO 1103BOJISICT HPUOJIMXKEHHO IIPEJCTABUThH HPOU3BOJHYI0 HEKOTOPO (DyHKIINUK
nosimHoMoM Dypbe 110 MHOrOWwIeHaM debblieBa epBoro poja, a PyHKIMIO — ITOJIMHO-
MOM 110 MHOrouwieHaMm [eiabdonna ¢ Temu xKe KodpPUITHEeHTAMA.

ABTOpaMu ucciae0BaHbl HEKOTOPbIE MPUJIOXKEHUsI YKA3aHHOTO TOAX0Ia K 3a1a9aM,
B KOTOPBIX TPeOyeTCst NCIoIh30BaTh MPUO/IMKerrne GYHKINA U €€ TTPON3BOIHBIX.

st Boraucsennst 3HadeHnit (PyHKIMU U €€ MPOU3BOJHBIX TIPHU 38 [aHHOM 3HAYEHUN
apryMeHTa, IPeJIJI0ZKEHO UCIIO0JIb30BaTh MOIU(MDUIIMPOBAHHDIN ajiroputM KileHIoy.

VccneioBana BO3MOXKHOCTD IPUMEHEHHUsI YKa3aHHOIO METO/Ia JIJIsi PELICHUs CJIejTy-
IOIIUX 3a/1a9:

— BbIUKCJIeHEEe KOIMMUIMEHTOB MMOJUHOMA 10 33/ aHHBIM 3HAUCHUAM (DYHKIUU U
[IPOU3BOTHOI;

— BBIYUCTIEHTE KOIDMUIIMEHTOR TOJWHOMA 10 3aJaHHBIM 3HAYeHUsIM (DYHKIUU 1
HEPBbIX JIBYX TPOU3BOHBIX;

— BOCCTaHOBJIEHWE (DYHKIIMU IO MacCCHUBY 3HAUYEHU ee TMPOW3BOJHON W HAYAJIbHOMN
TOYKE;

— YuCJIeHHOe WHTEerpupoBanue jiuddepeHImaibHbIX YPaBHEHUI.
JUTEPATYPA

1. I'eawvgpord A. O. O MHOrOYIEHAX HAUMEHEE YKIIOHSIOMMUXCS OT HyJIsl BMECTE CO CBOMME IPOM3BOAHBIMHE. JI0KIa160 AKameMun

nayk CCCP 1954, 96.

X.X. BypuaeB (Heuenckuii rocynusepcurer, Poccus)
B.T. Pa6eix (FOxHbiii benepanbubiii yHuBepcuretr, Poccus)
I'. }O. Pa6wix (doHckoii rocrexyuunBepcuret, Poccus)
bekhan.burchaev@gmail.com, ryabich@aaanet.ru, ryabich@aaanet.ru

SKCTPEMAJIBHBIE 3AJTAYN JIJII CYMMUPYEMBIX I1O KPVIY
OVHKIIUNI *

Ilyctb 1 < g < oo, 1/p+1/g=1,D={C:[¢| <1}, T={t:|t| =1}, A,(H,) -
npocrpancTBa Beprmana (Xapn) B eauanarom kpyre D; ( = & +in, dA = %dfdn —
I0cKast HopmuposanHast Mepa Jlebera, w € Ly(D), w ¢ A, w € A,.

1PaBora BHIMONHEHA TpH bUHAHCOBOH TIoAepxkKe PODU (mpoexT 15-01-00331).
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Kak xopormio m3BecTHo, cyiiecTByior eauncrsennsie dbynkipn ¥ € A, n & € A,
|®|| = 1, mus kKoTophIx

Jnf Jlw = 2llg = v = xllo

sup ‘/gpwdA lell, <1 :/(I)wdA

PEA D

Teopema 1. Ecau 1 < g < 2 u w(¢) = (1 = [CE(C), k € Ay, ¢ < ¢° < 2, mo
X € My, Hy, ¢ =q"/(2—q7).

B cayuae ¢ = ¢ = 1, w € W (upocrpancrso Cobosiesa) B [1] jlokazano, uto
X € Hl.

Teopema 2. Ecau 1 < g < oo uw(C) = (1 — |¢[)"E(), n=0,1,..., k € A,
§*>2,q< s <oo, mox € Hu, (Ix(t)|9)™ € Lip (1 — 2,T), 20e x. — 6newnas
bynruyua Gynryuy X .

Teopema 3. Feau 1 < p < o0 v w € Lip(a,T), 0 < a« < 1, mo & € Hy,
(|®.(t)[P|™ € Lip(a, T), ede ®, — snewnan dynryua dynryuu ®. Ecau w™ ydosae-
meopaem yeaosuro Suzmynda, mo (|®,(t)|P|™) ydosaemeopaem smomy yeaosuio.

Teopembl 1-3 oTHOCSITCST K KPYTY 3ajia4, U3ydeHHbix B [1-4].

JUTEPATVYPA
1. Khavinson D., M°Carthit John E. and Shapiro H. Best approximation in the Mean by Analytic and Harmonic Functions.
Arc. Mat. 2001. N. 39. P. 339-359.
2. Pabwz B. . DxcTpeMasbHbIEe 330a9H I CyMMuUpyeMbix anamTndecknx dyukmuit. CM2K 1986. T. 27. N. 3. C. 212-217.
3. Ferguson T. Continuity of extremal elements in uniformly convex spaces. Arc. Mat. 2009. N. 137:8. P. 2645-2653.

4. Bypuaes X. X., Pabox B.I., Pabowz I. 0. Anamuruanocts B C skcrpemanbubix GyHKImil GyHKIMOHAIA, 00PA30BAHHOIO

nosmMHOMOM HaJi upocrpancrsom Beprmana. Mar. dopym. UccienoBanus 1o maremaruyeckomy anajusdy. FOMU BHIT PAH u

PCO-A. 2014. T. 8. 4. 1. C. 204-214.

G. Garrigés (University of Murcia, Spain)
gustavo.garrigos@Qum.es

A.E. CONVERGENCE OF ABEL MEANS FOR HERMITE
EXPANSIONS

The Abel summability of Hermite expansions was considered by Muckenhoupt in
the 60s. He showed the a.e. convergence of Abel means for all f in L'(dy) with dy
the gaussian measure. We shall show that such convergence actually holds for all f €
LY(dvy(y)/+/log(e + |y])), and that this space is optimal.

To do so, we write the Abel means as suitable Poisson integrals u(t,z) = P.f(x),
which are solutions of the elliptic pde

uy + Lu=0 on (0,00) x RY,  with wu(0)=f,
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with L = A — 22 - V. We find the most general conditions on f so that %in% P f(z) =
—

f(z), a.e. z. Additionally, we solve a 2-weight problem for the associated (local)
maximal operator P*f(z) = sup P.f(x). Namely, we characterize all weights w for
0<t<1

which P* maps L?(w) — LP(v), for some other weight v.

The tools include very precise estimates on the kernels, and techniques by Rubio de
Francia and Carleson and Jones, who considered such 2-weight problems for classical
operators in the 80s.

The results are part of recent joint works with Hartzstein, Signes, Torrea and Viviani.

REFERENCES
1. Garrigds, Hartzstein, Signes, Torrea, Viviani. Pointwise convergence to initial data of heat and Laplace equations. Trans.
Amer. Math. Soc. 368 (9) (2016), 6575-6600.

2. Garrigos, Hartzstein, Signes, Viviani. A.e. convergence and 2-weight inequalities for Poisson-Laguerre semigroups. Preprint

(available at arxiv.org)

A.V. Dyachenko (Berlin, Germany)
dyachenk@math.tu-berlin.de

HURWITZ AND HURWITZ-TYPE MATRICES OF TWO-WAY
INFINITE SERIES

A function is stable or Hurwitz-stable if all its zeros lie in the left half of the complex
plane. The classical approach to the Hurwitz stability (dating back to Hermite and
Biehler) exploits a deep relation between stable functions and mappings of the upper
half of the complex plane into itself (i.e. R-functions). Hurwitz introduced a connection
between minors of the Hurwitz matrix and the Hankel matrix built from coefficients
of the corresponding R-function (moments), which resulted in the famous Hurwitz
criterion.

More recent studies [1,5] highlighted another property related to Hurwitz-stability:
the total nonnegativity of corresponding Hurwitz matrices, that is nonnegativity of all
their minors. The paper 2] extends the criterion [4] to a complete description of power
series (singly infinite or finite) with totally nonnegative Hurwitz matrices.

During my talk, I am going to extend this result further to two-way (i.e. doubly)
infinite power series. The extension is prompted by the criterion [3], because each
Hurwitz matrix is built from two Toeplitz matrices. Nevertheless, the essential connection
to Hankel matrices breaks here (no correspondent Stieltjes continued fraction), and thus
the doubly infinite case requires an approach distinct from the singly infinite case.

REFERENCES
1. Asner B.,A. Jr. On the total nonnegativity of the Hurwitz matrix. // STAM J. Appl. Math. 1970. T. 18, Vol. 2. P. 407-414.
2. Dyachenko A. Total nonnegativity of infinite Hurwitz matrices of entire and meromorphic functions. // Complex Anal.
Oper. Theory 2014. T. 8, Vol. 5. P. 1097-1127.
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3. Edrei A. On the generating function of a doubly infinite, totally positive sequence. // Trans. Amer. Math. Soc. 1953.
T. 74, Vol. 3. P. 367-383.
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BOUNDARY PROPERTIES OF SOME SEVERAL CLASSES OF
DELTA-SUBHARMONIC FUNCTIONS OF BOUNDED TYPE

Several w-weighted subclasses of delta-subharmonic functions of bounded type are
introduced in the upper half plane. The descriptive representations of these classes are
given by means of some new Green type potentials and integrals with Cauchy type
kernels. The boundary values of the considered classes are described by means of some
w-capacity on the real axis which becomes to the Frostman’s a-capacity in a particular
case.

B.II. 3acraBusriii (JoHenk)
zastavn@rambler.ru

IIOJIOYKUTEJIbBHA A OIIPEJAEJEHHOCTDH OTHOI'O KJIACCA
®VHKIIUM 1 ITIPOBJIEMA IIIEHBEPTA

Oyukius f : E — C, 3ajanHas Ha BeIECTBEHHOM JIMHEHHOM IpocTpaHcTBe F,

dim £ > 1, nagsBaercst nosoxutennno onpejenénnoit (f € ®(F)), ecin nepasen-
m
crBO Y, ¢xCjf(xr — x;) > 0 Bbosusiercs st i0beix m € N, ¢, ¢a, ..., ¢y € C u
kj=1

T1, ., Ty € E. Ilyers dyukus p : E — R ynosuersopsier yeaosusiv: p(z) > 0,
p(tz) = |t|p(z), v € E, t € R, u p(x) # 0 na E. Cumsosom ®(F, p) oboznaunm Kracc
Becex HernpepbiBHbIX GyHKwmil f : [0, +00) — R rakux, aro fop € ®(F). Koncranroii
[[Ténbepra OyjieM Ha3bIBATH BEJIUUIUHY

a(E, p) = sup {)\ >0: exp (—t)‘) € (D(E,p)} .

Xopomo ussecrno, uro « (1) = 2, 0 < a(E,p) < 2 m exp (—t*) € ®(E,p) —
0 < A < a(F,p). Dna npocrpancts [ koncrantel [énb6epra ussectrpl (cM., Halpu-
mep, [1]): cayuaait n > 2, 0 < p < 2, uccaenosan 1IéHOepr, a B OCTATBHBIX CJIyUasK
HE3aBUCUMO U Pa3HBIMU METOJaMHU 3TH KOHCTaHThI Haiijgennl B 1991 Kosmobckum u
3acTaBHBIM.

Oyuknua f naspiaercs srojne Monoronnoit na (0,+00) (mumem f € My ),
ecmn f € O%(0,400) u (—1)*f*)(z) > 0 ana Beex k € Zy u x > 0. B reopeme 1
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JUIsl IIAPOKOro Kjacca (pyHKIM f HaiiJleHbl Bce 3HAUYEHHUS A, IPU KOTOPBIX (DYHKIIHS

f(pMx)) mo. na E.

Teopema 1. IIycmo f € C[0,+00) N M 4oy, [ # const u cyuecmeyem npascas
npouszeodnas 6 nyae f'(0). Tozda npu X\ € R cnpasedauev, ymeepocdenua: 1) f(1*) €
O(E,p) <= 0<\<a(Ep).2) 1/f(t") & ®(E,p) npu ecex X > 0. 3) Ecau
f(+00) =0, mo 1/f(t") & ®(E, p) npu scex \ < 0.

IIpumep 1. Ilycrs gy 5(t) == 1/(1+t1)°, A\, B € R. [Ipumenss reopemy K GpyHKIum
ft)=1/(1+t)%, 8> 0, nonyaaewm, uro:

1) Ecom B> 0,10 grp € P(E,p) <= 0< A< a(E,p).
2) Ecin < 0, To grp & P(E, p) nupu A # 0.
B eBkJn/10BOM citytdae 3TOT pe3yabraT xoporno ussecren: ecan 3 > 0, To gy g € P(13)
— 0< A< a(ly) =2
JUTEPATYPA
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NON STANDARD BERGMAN TYPE SPACES ON THE UNIT DISC

We introduce and study various function spaces of analytic functions equipped with
special mixed norm. The core of this study is to reveal properties of functions under
investigation in connection with the special mixed norm, which is constructed with use
of variable order Lebesgue space norm, Morrey type norms (including local and global,
and the integral Morrey norm), and with the use of more general analogues.

In particular, the mixed norm variable order Lebesgue - type space £%0)(D) is
defined by the requirement that the sequence of variable exponent LPU)(I) - norms of
the Fourier coefficients of the function f belongs to (9. Then the first main object of
investigation - the variable order Bergman space A%P()(D), 1 < ¢ < o0, 1 < p(r) <
00, on the unit disc D is defined to be the subspace of £%P()(D) which consists of
analytic functions. We prove the boundedness of the Bergman projection and reveal
the dependence of the nature of such spaces on possible growth of variable exponent
p(r) when r — 1 from inside the interval I = (0, 1). The situation is quite different
in the cases p(1) < oo and p(1) = oco. In the case p(1) < oo we also characterize the
introduced Bergman space A*P()(ID) as the space of Hadamards’s fractional derivatives
of functions from the Hardy space H?*(ID). The case p(1) = oo is specially studied, and
an open problem is formulated in this case. We also reveal the conditions on the rate
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of growth of p(r) when r — 1, when A>P0)(D) = H?(D) isometrically, and when this
is not longer true.

As a continuation, in a similar way we introduce and study mixed norm Bergman—
Morrey space A%PA(D), mixed norm Bergman - Morrey space of local type .Afoz’ (D),
and mixed norm Bergman - Morrey space of complementary type 8A%”A(D) on the
unit disk D in the complex plane C, and their analogues where the Morrey type norm
is substituted by the integral Morrey norm. We also consider such mixed norm spaces
when the classical Morrey norm is replaced by generalized Morrey norm.

For all these new spaces the main interests of study, as above, are: boundedness of
the Bergman projection, equivalent description of spaces, including the description in
terms of Hadamard fractional derivatives, and revealing new effect caused by using
mostly real analysis constructions in the complex analysis settings.

REFERENCES
1. Karapetyants A. N., Samko S. G. Mixed norm variable exponent Bergman space on the unit disc. // Complex Variables
and Elliptic Equations, 2016.
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CHUHIVJ/IAPHOE MHTEI'PAJIBHOE YPABHEHUE CO
CTEIIEHHBIM BECOM HA 3AMKHYTOM KOHTVYPE

[Iycts L — mpocToit raajgknii 3aMKHYTBIH KOHTYD, JETANNAN MI0CKOCTh KOMTIJIEKC-
HOIO MepPeMeHHOro Ha BHYTpeHHIo objactb DT u puemmnioro D™, u nyers t, € L

(k= 1,2,...,n). log p(t) = [Tt —te)™, 0 < ax < 1 (k = 1,2,...,n) Oyaem
k=1

IOHUMATH PeJIeJbHOE 3Hadenue anagutnaeckoit B DT dyukunu [ (2 — t5)*
k=1
B knacce renbueposckux dyuknuii Hy(L) paccMarpuBaeTcsi CUHTYISIPHOE WHTE-

I'PaJIbHOC YypaBHEHHUE BH/IA:

Ap = a(t)p(t) + b()(Sp)(t) + c(t)(T)(t) = f(?), (1)
e T'= 5 =5, a(t), b(t), c(t), ()—>HA(L)

iL/ T pfri /st)p((TT—t

L

Ypasuenue (1) cojurest K periennio ypasaenust @pejirosibMa BTOporo pojia ¢ siyipoM,
MMEIOIIUM CJ1abyio 0coOeHHOCTDL. Pelenne ypaBHeHUs HAXOAUTCS B sIBHOM BHJIE, €CJIN
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BBLITIOJIHSICTCS YCJIOBHE:
c(t) R
xt(@)(a(t) +b(t) t— 2z’
(" (t) amasurudecku npojoskena B D, zg € DT,
a—b

+0

st paspermmmoctu ypasrerns (1) B 3aMKHyTOi hopMe OHO CBOJIMTCs K KPAeBOi

Permenne naiineno npu ind > 0 1 oTpuIaTeILHOM HHIEKCE.

sajiade. JlokazaHbl paBeHCTBa (JJist JOKA3ATEIbCTBA UCIOJIb3YeTcst GopMylia repecra-
nosku [lyankape-Beprpana):

1. Sg = I;

2.85,=1-S+S, S,S=T-5,+5;

3. T =P"TP = P;TPP_,
rie PT = %(I + 5), Ppi = %(I + S,). Yenosusa paspenmmocru ypasuenus Ap = f
VJIA€TCsl 3alMcaTh B BUJIE YCJIOBUHA OpTOroHasbHOCTH f(t) K PelieHusiM OJJHOPOJHOTO
COIO3HOIO yPABHEHUS.

B. A. Kats (Kazan, Russia)
katsboris877@Qgmail.com

INTEGRATION OVER NON-RECTIFIABLE PATHS AND
BOUNDARY VALUE PROBLEMS

Our subject is connection between the boundary value problems of Riemann —
Hilbert type for analytic functions and their generalizations in domains with non-
rectifiable boundaries and the problem of integration over non-rectifiable paths.

As known, the solutions of classical Riemann boundary value problem are obtained in
terms of the Cauchy type integral [1,2]. This curvilinear integral is defined for rectifiable
paths, and, consequently, the classical technique does not work if the boundary of
domain under consideration is non-rectifiable. Therefore, the first researches of that
problems (see recent survey [3]|) did not use the curvilinear integrals.

But the furthest considerations show that the problem of integration over non-
rectifiable paths is equivalent to so called jump problem, which is the simplest boundary
value problem of Riemann — Hilbert type. Here we describe this equivalency.

We consider a non-rectifiable closed Jordan curve I'" on the closed plane, and a
function f(¢) on this curve. Let F(z) be differentiable in C\ I" function with integrable
partial derivatives of the first order with compact support. If it is a solution of the
jump problem (for differentiable functions), i.e., F*(t) — F~(t) = f(t), t €T, where
F*(t) are limit values of F at the point ¢ from the left and from the right, then the
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(5) (5) r
/ f-dt:C’gOBwl—)/ fwdz::—//a_wdsz
r r c 0z

is a generalization of curvilinear integration over I' with weight f. If we define the

distribution

Cauchy type integral over I' by means of this distribution, then it gives solution of
the jump problem for analytic functions. The generalized integrals with other kernels
represent solutions of other versions of the Riemann boundary value problem.

REFERENCES
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NEW CHARACTERISTICS OF NON-RECTIFIABLE CURVES AND
THEIR APPLICATIONS

A great body of recent works is dealing with various characteristics of point sets of
sophisticated structure: fractals, non-rectifiable curves and so on. The most known are
Hausdorff and Minkowskii dimensions, and a number of new ones: Assouad and Aikawa
dimensions and codimensions, approximation dimension, refined metric dimension and
others.

In 2013 [1], |2] the author introduced a family of new metric characteristics for plane
sets and called them Marcinkiewicz exponents for closed non-rectifiable Jordan curves.
This name is connected with the fact that J. Marcienkiewicz first characterized features
of subsets of Euclidean spaces in terms of certain integrals over their complements. In
the present report we study the conditions of existence of such exponents and introduce
their weighted and local versions for any compact sets, but mainly we are interested
in non-rectifiable curves and arcs on the complex plane. We also study their properties
and relations with known dimensions. In particular, we show that these exponents are
characteristics of co-dimensional type.

Then we consider certain applications. We use these characteristics to solve the
Riemann boundary value problems in domains with non-rectifiable boundaries.

In particular, the improvement of known results is connected with the fact that
new features of non-rectifiable curves allow more precise description of their local
properties, including a phenomenon of local asymmetry. Generally speaking, non-
rectifiable curves are locally asymmetric. We also introduce left and right (inner and
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outer) characteristics of plane curves, what allows us to improve solvability conditions

for the locally asymmetric curves.

REFERENCES
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METO/I BBIZIEJIEHU Y KJIACCOB OBIITNX
XAPAKTEPUCTNYECKIUX CUCTEM, PASPEIIINIMBIX B
SAMKHYTOMN ®OPME

[Tycrs I' — ipocToii riiajikuit 3aMKHY ThIl KOHTYD, Pa30UBalONnii pacinpeHHy 0 KOM-
JIEKCHYIO TIOCKOCTh Ha jiBe objactu DT u D~ (0 € DT). Pacemorpum na I' obwyio
TAPAKMEPUCTNUYECKYIO CUCMeMYy CAHTYIAPHBIX THTETPAJbHBIX YpaBHEHU

A()w(t) + B(t)S[Kw]|(t) = £(t), det(A(t) K1 (t) = B(t)) # 0. (1)

3pecs S[w](t) — cunryusipusiit oneparop, A(t) = (ai(t)), B(t) = (bi(t)), i,j =
1,n, K(t) = diag{ki(t), ..., k,(t)} (detK(t) # 0) — 3amanubie na [' H-HenpepbiBHbIE
MaTPULBLI-DYHKIUY IIOPsKa 7, a IIpaBas 4acThb CUCTEMbl MMEET CIICIUaJIbHbLIA BUL
f(t) = 2B(t)M(t), M(t) — nomunomuanbhbiii Bekrop (Mi(t),..., M, (t)). Honaras
w(t) = PKw] () — M(t), w-(t) = Q[Kw](f) + M(t) (P = [I + 8)/2, Q =
[I — S]/2, I — epuuuvHbI omepaTop), MPHUIEM K OJHOPOJHON 3ajade JUHEHHOTO CO-
npsikenns ¢ marpunei-ynxmmneit G(t) =—(A#)K 1 (t)+B(t)) 1 (AG#)K1(t)—B(t)),
110 PELICHUIO KOTOPOH ¢ riaBHON uacTbio M(2) Ha 6ECKOHETHOCTY OLPEJIEISIeTCs Peliie-
Hue coorBercTBytommeil cucrembl (1). K 9moit ke 3amaue TUHEHHOTO COMPSYKEHUS TTPU-
BOJIUTCs OOINAasi XapaKTepUCTHIeCKas CUCTeMa, B KOTOPO# MaTpuilbi-byHKinu A(t) u
K (t) samenennl Ha A, (t) = A(t)Eq, Ko(t) = K(t)E,, E, = diag{a;(t), ..., an(t)},
e ag(t), k =1,n — H-nenpepbisHble Ha KOHTYpe dyHKIMU,

B pa6orax [1], [2] mokazano, aT0 pu n = 2 Jyist HOCTPOEHWsT KAHOHMYIECKON CHCTEe-
MBI PENIeHUi 3aJ]a91 JIMHEHHOTO0 CONPSKEHUs JOCTATOTHO OJHOrO YaCTHOTO PEHNICHUS
3aJ1a4M, a B ciaydae n = 3 — ABYX Takux pemtennii. CaMu pernerust 3aJa9u JIHHEHHOro
CONPSI?KEHUST HAXOMATCS 38 CYeT HEKOTOPLIX OrpaHndeHnii Ha KO3 (DUIMEHTH COOT-
BETCTBYIOIIEH JIBYMEpPHOI U TpexXMEepHOil 00Ieil XapaKTepUCTHIECKON CHCTEMbI (1) "
onpejiesienHoro nogbopa gynxumit ag(t), k = 1, n, 1o3Bosonero HaiiTh JyacTHble pe-

menusi cucrembl ¢ rakumu Ay (1) u Ky (t).

JUTEPATVYPA
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ON DE LA VALLEE-POUSSIN-NIKOL’SKII KERNELS FOR
WEIGHTED CLASSES OF FUNCTIONS

The Dirichlet kernels’ role in theory of functions and approximation of functions
is well known. Vallée-Poussin kernels is the arithmetic mean of Dirichlet kernels. S.
M. Nikol’skii in [1] introduced kernels for the Fourier integral of several variables. In
this report the results of the study of de la Vallée-Poussin—Nikol’skii type kernels for
multidimensional Fourier integral with j-functions of Bessel are presented. Such Fourier
integrals was introduced by B. M. Levitan in [2]. These kernels used odd j-functions
of Bessel which were introduced by I. A. Kipriyanov and V. V. Katrakhov in [3]. The

report provides theorems on approximation of functions from Lebesgue weight classes.
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O PASJIOZKEHUNAX ®YPBHE 110 OPTOI'OHAJIbHBIM CUCTEMAM

PaccmarpuBarorcs HemmpepblBHO-IUCKpeTHbIe TpocTpancTsa CoboseBa S, 3a1aBaeMble
HECTAHIaPTHBIM CKAJIAPHBIM TTPON3BEIeHUEM

(f.9) = / F(@)g(xyw(@)dz + My f(1)g(1) + Nyf(~1)g(~1)+

My f'(1)g'(1) + Nof'(=1)g'(=1) (1)

riae w(r) NoJOKUTETbHAsS TIOUTH BCIOY BecoBasi dyHKIwst, Koaddummentor My, Mo,
N1, Ny > 0. Obo3HaunM uepes

{gn(2)} : qu(z) = qu(x; My, My, N1, No)(n = 0,1,2,...;2 € [-1,1])

OPTOHOPMUPOBAHHYIO B CKaJisipHOM TipousBejennu (1) cucremy nosuHomoB. 3ajiada
U3yYeHUs] TPOCTPAHCTBA S U COOTBETCTBYIONIMNX CUCTEM (PYHKIINI ObLIa MOCTaB/IeHA B
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kiaaccuideckoit kaure Kypant P. u ['manbept 1. "Meronsr maremarundeckoit dpusnkn' .
O6oznaunm uepes R muoxkectso Gynkumit uz L2 [—1, 1], j/1st KOTOPBIX CyHIECTBYIOT 1
KOHEYHbI 3HAYeHNsT QYHKIMK ¥ €€ IPO3BOJIHOM B KOHIIEBBIX TOYKaX. KaxK10it dyHKII
f € R nocraBum B coorBercTBue psiji Oypobe - CobosieBa

(0.9]

@) ~ S alHae) anlf) = (Fa)k =0,1,2,...)

k=0
B Jjioknajie ussiaraiorcst cBoiicTBa 10JMHOMOB ¢y, (7)(riaBHoe BHUMaHue Oyjer yjeJie-
HO HECTAHJAPTHBIM CBOHCTBAM) M PE3YJIbTATHI O JIMHEHHBIM JINCKPETHBIM U TIOJIYHe-
IIPEPBIBHBIM METOJIaM CyMMHUPOBaHus psijioB Pypbe MOUTH BCIOJly U PABHOMEPHO JIJIsT
HenpepbIBHbIX QyHKIMiA. B ciydae mosyHenpepblBHBIX METOJOB CyMMUPOBaHUs 0CODOE
BHUMAaHUE OyIeT yeJaeHo pesyabraram(onu mosyderbl copmectno ¢ A.J[.Haxmanom B
2013-215 rr) miusg obobiennbix cpeaanx [lyaccora mo TpUroOHOMETPHUIECKOi crucTeMe,
3aJ1aBaeMbIX (POPMYJIOi

oo

> ar(fle et (A, = +00,h > 0).

k=—00

C.B. Ilerpos, A. B. A6auuu (Poctos-na-/lony)
prostopetrov@inbox.ru, abanin@math.sfedu.ru

OB OZTHOM HOBOM IIPU3HAKE CJIABON JOCTATOYHOCTN !

Cnabo jocraTounble MHOXKeCTBa, BBegeHnble [naiimepom B 1974 1., ABISIIOTCS MOIIT-
HBIM MHCTPYMEHTOM B KCCJICJIOBAHUN IIPEJICTABIAIONINX CUCTEM, YPABHEHUN CBEPTKU U
pocta rosiomopdHubix yHkiuit. B nmpocrpancrsax Xepmanjepa OHU TECHO CBsI3aHbI C
sapdexTuBubiMu 110 Uitepy muoxkecrsamu. Hanipumep, iycrs h — nernpepbiBHast cyorap-
monmueckasi B C dbynknus, pacrymast Ha GeckonedrocTr ObicTpee In |z|, ayist KoTopoii
max{h(z + () : |¢| < 1} ~ h(z) mpu z — oo. Torga [1| B s0GOM TpoOCTpaHCTBE
Xepmanjepa

Hy ={fe€H(C):3¢<p,3C >0:|f(2)] < Cexpqh(z),Vz € C}

rHopMmaJsibHOTO THMa (0 < p < 00) KIacchl ¢jaabo JOCTATOUHBIX 1 3 dekTuBHbIX 1m0 Wii-
epy MHOXKeCTB coBnajiaior. B ciydae ajaredp Xepmanjepa, TO €CTh IIPH P = 00, BCSAKOE
s dexTusHOe [ HP° MHOXKECTBO €100 JOCTATOYHO JIJIA HEero, a 00paTHOe yTBEPK Jie-
Hue HesepHo. Takum 0Opa3om, BOIPOC 00 onurcannu ¢jiabo JOCTaATOUYHbIX MHOXKECTB JJis

0 B TepMHHAX POCTa Ha HUX (DYHKIUI ocTaeTcs OTKPHITBHIM. B jokiaje OyieT npeji-
cTaBJIEH HOBBIH MOJIXOJ, K MCCJIE0BAHUIO JAHHOW PoOIeMbl J1JIsi aJaredpbl XepMaHiepa,

1PaBoTa BEIMONHeHA TpH bUHAHCOBOH TIoAepxkKe PODU (mpoexT 15-01-01404).
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E, Bcex nenbIx QpyHKIMii KOHEYHOro Tula IpH nopsajaxe p > 0, HO3BOJAIONMN ycTa-
HOBUTH KPUTEPUAJILHYIO CBA3L MEXK/Jy cJ1abo JOCTaTOuHbIMU JiIst [, MHOXKeCTBaMU U
BBEJICHHBIMU HAMU JIJIsi 3TO# 1esn ocjablienHo g dekrupabiMu 110 Mitepy MHO>KecTBa-
mu. [locsemne onpenensioTes Kak Te HeorpaHuIeHHbIe TTOIMHOXKECTBa, S KOMILJIEKCHOMI
IJIOCKOCTH, JITl KOTOPBIX Ipu HekoropoM C' > 0 jua moboit dbynknun f € F, umeer
MECTO HEPaBEHCTBO

lim sup M < C'limsup M

r—00 r 2—00,2€S ‘Z|p
Hpyrumu cjioBamu, Jjijisi TaKUX MHOXKECTB THUI JiI000# (pyHKIUN f MOXKeT ObITh OlEHEH
yepe3 tun f Ha S ¢ MOMOIIBIO OJHON JIJI BCETO MPOCTPAHCTBA MYJIbTUIIMKATUBHOM
MMOCTOSIHHO.
JUTEPATYPA

1. Abanun A. B. O mexoropsix npu3nakax ciaaboit mocrarounoctu // Maremarnaeckue 3amerku. 1986. T. 40, Ne 4. C. 442-454.

I. Yu. Smirnova (Rostov-on-Don, Russia)

WEIGHTED MIXED NORM BERGMAN TYPE SPACE ON THE
UNIT DISC

Starting with the papers by S.Bergman (1933) and M.M.Jerbashian (1945), the
spaces of analytic functions which are p - integrable with respect to o - finite measure
on a connected open set in the complex plane C or in C" have been intensively studied
by a number of authors. An introduction of the mixed norm is a natural generalization
of the classical Bergman space, which, in particular allows to distinguish between radial
and angular behavior of functions. Such mixed norm Bergman type spaces even studied
in the paper [1]. As a matter of fact in [1] the mixed norm was constructed in a very
general settings with the use of variable exponent Lebesgue norm in the radial direction.

Following the results of [1] we introduce and study analogous weighted mixed norm
Bergman type space on the unit disc (with usual Lebesgue L space in radial direction).
As the main result the Boundedness of the Bergman projection is proved. The study
of the Teplitz operators in such spaces is considered as the main objective of this study
and as a subject for further continuation of research in this direction.

REFERENCES
1. Karapetyants A. N., Samko S. G. Mixed norm variable exponent Bergman space on the unit disc. // Complex Variables

and Elliptic Equations, 2016.
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P.M. Tpury6
roald.trigub@gmail.com
O IIPEOBPA3OBAHUN ®YPLE ®YHKIINN HECKOJbBKUX
ITEPEMEHHBIX

Myern f € La(R2) w f(z1,02) = fo(mac{lai], 2]}

B JI0K1aJ1e M3y9aroTcs CaeAyIoIme BOIPOCH:

1) Korya npeobpasosanue @ypoe f € Ly (R?)?

2) Korga t - sup | f(y1,42)| € Li(RL)? Rl =R, = [0, +o0)

yitys >t
3) Korya f(y1,y2) > 0 wim > 0 Berogy na R2?
[To nepBoMy BOIpPOCY HaflJIeHbl HEOOXOJUMbBIE U OTJIEABHO JIOCTATOYHBLIC YCJIOBUSI,

KOTOPBIE JIJIsT BBITYKJIBIX Ha OTpe3Ke (DYHKIWH fij COBITAIAIOT.

OTBer 10 BTOPOMY BOIpOCY OKazaJicsi orpuiiaresbibiM (f = 0).

A B Bompoce 0 MoJIOXKUTETHHO OIPeIeIeHHBIX (DYHKIMAX YKA3aHHOTO BUJIA MOJIYIeH
KPUTEPHil, T.e. HEOOXOIMMOE U JOCTATOUHOE YCJIOBHE OJTHOBpeMEHHO. OTBET MOJTHOCTHIO
CBOJIUTCS K TIPOBEPKE TIOJIOKUTEJILHON OIpeJIeJIeHHOCTH HEKOTOPOil (byHKIWH f1 Ha,
npsimoit. [IpuBesensr mpuMepsI.

JUTEPATVYPA
1. Liflyand E., Samko S., Trigub R. The Wiener Algebra of absolutely convergent Fourier integrals // Anal.Math.Phys. 2012.
V.2, Ne1. P. 1-68.

2. Tpuey6 P. M. O mpeobpazoBanmu Pypre QyHKIMII IBYX HEPEMEHHBIX, 3ABUCAIINX JIUIIb OT MAKCHMyMa MOIYJS THUX

nepeMeHHbIX // DaeKTpoHHBIN ncrounuk. — http://arxiv.org/abs/1512.03183

A. K. Fatykhov (Kazan), P.L. Shabalin (Kazan)
vitofat@gmail.com, pavel.shabalin@mail.ru

RIEMAN-HILBERT BOUNDARY VALUE PROBLEM ON THE
HALF-PLANE WITH CURLING IN FINITE NUMBER POINTS OF
THE CONTOUR !

We consider Riemann-Hilbert boundary value problem of analytic functions for the
half-plane D in the case when ratios of the edge conditions

a()RD(t) — b(t)ID(t) = c(t), t € L = D,

have a finite number of singular points t;, & = 1,n on the contour L. The function
v(t) = argG(t), G(t) = a(t) —ib(t), t € L, is continuous on L everywhere except
the points ¢, where it has discontinuities of the second kind In |G(t)| € Hp(u). For

IThe research is supported by Russian Foundation for Basic Researches (grant No. 12-01-00636-a).
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neighborhood of points ;, we have the representation

vt
FRATS +o(t), t<ty
v(t) K
V. ~
m + Z/(t), tr < t,

for some numbers. v, v, pr, 0 < pr < 1 and function v(t) € Hp(u). For a
Hilbert problem we received formula of the general solution of the homogeneous and
heterogeneous tasks. Conducted a full investigation solvability of the homogeneous
problem in the class of bounded analytic functions in the unit circle. The method
of constructing solutions are based on the analytical allocation the singularities of
boundary condition, which is usually written as

Re[e—il/(t)(b(t)] — ‘g((tt)”

In the research of the existence of solution and study the number of solutions of the
problem we applied the theory of entire functions and methods of the geometric theory
of complex variable functions.

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

QUADRATURE-DIFFERENCES METHOD FOR SINGULAR
INTEGRO-DIFFERENTIAL EQUATIONS ON THE INTERVAL

For the singular integro-differential equation of the form:

m

> (@ ()z(t) + b, () (Sz) (1) + (Thyz™)(1))

v=0
=f(t), —-l1<t<l, m>1
with the initial conditions:

tW(E) =0, v=01,...m—1 —-1<&E<1

where z(t) is a desired unknown and a,(t), b, (t), h,(t,7), v = 0,1,...,m, f(t) are given
continuous functions of their arguments, ¢t,7 € [—1,1]; b,,(¢) is a polynomial of some
order ng > 0 and singular integrals:

1 (1 W
(&WW&:-/fﬂiﬂﬁ, v=01,...m

™). 4 T—1
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are to be interpreted as the Cauchy—Lebesgue principal value; and
1 [l
(Thy,z")(t) = —/ hy(t, 7)Y (T)dr, v=0,1,...m
TJ-

are regular integrals, the quadrature-differences method is justified.
The cases of positive, negative and zero indices are considered, and the error estimations

are given.
REFERENCES

1. Fedotov A.I Convergence of the Quadrature-Differences Method for Singular Integro-Differential Equations on the
Interval// Mathematics 2014, Vol. 2. P. 53-67; doi:10.3390/math2010053

B. N. Khabibullin, T. Yu. Bayguskarov (Ufa, Russia)
Khabib-Bulat@mail.ru

NON-TRIVIALITY OF WEIGHTED CLASSES
OF HOLOMORPHIC FUNCTIONS !

R and C are the sets of real and complex numbers resp. Let D be a domain
in C, and M: D — [ — 00,4+0o0] (a weighted function). The class Hol (D; M) =
{f — holomorphic on D: sup|f(z)|e ™ < +oo} is nontrivial iff there exists a non-

zeC

zero function f € Hol (D; M).
Let d: D — (0,4+00) be a continious function satisfying the condition d(z) <
min{ inf |z—w|, 14+ |z\} for all z € D.
weC\D
Theorem [1|. Suppose, for subharmonic M : D — [—o00, +00),

ilel(g (W 7 d/(Z)M(z + re®)r dr df + log ﬁ — M(z)) < 400. (%)

If at least one of the following three conditions:
1) the closure of D in Cy := C U {00} is not equal to Co;
2) (=AM)(D) > 1 for the Riesz measure 3=AM of M;

3) the domain D is simply connected in Cy;

are fulfilled, then the class Hol (D; M) is nontrivial. If d(z) = 2e€D=C,

(142"
for a number P > 0, then the summand log —— in the left part of the condition (x)

d(z)
can be remowved.
LOur researchs supported by RFBR (project no. 16-01-00024).
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Similar results were obtained in [2; Theorem 1] for weighted classes of holomorphic
functions of several variables with plurisubharmonic weighted function M: D—|—o00,+00)
in pseudoconvex domains D C C", n > 1. We consider also the case of weighted

function M represented as the difference of plurisubharmonic functions [2; Theorem 2].

REFERENCES
1. Khabibullin B. N., Baiguskarov T. Yu. The logarithm of the module of holomorphic functions as minority for subharmonic
functions // Mat. Zametki (Math. Notes). 2016. Vol. 99, Issue 4. P. 588-602.

2. Baiguskarov T. Yu., Khabibullin B. N. Holomorphic Minorants of Plurisubharmonic Functions // Funct. Anal. Appl. 2016.
Vol. 50, No. 1. P. 62-65.

N.T. IHapskos (MI'Y, Poccust)
tsar@mech.math.msu.su

HEIIPEPBIBHAS «-BBIBOPKA. !

IIycte X — GanaxoBo mpocrpancTBo. s mpousBoibHBIX MHOXKecTBa, M C X un
Toukn € X depe3 Py 0603HATMM METPUUIECKYIO MPOEKITHIO, T.e. MHOXKECTBO {y €
M |[lly — |l = ox M)}.

B pabore rojiydena emie ojiHa XapaKTepusaliis MHOKECTB, 00J1a/alonux HElPEPhIB-
HBIMHU £-BbIOOpKaMu JiJis Beex € > 0.

Omnpenenenue. [lycmv € > 0, M C X. Omobpasicernue o : X — M nazvieaemcsa
addumuehnoti (Mysvmuniukamuerot) e-6v00pkot, ecau s 6cexr x € X 6unoAHAEm-
CA HEPABEHCMEBO

|z — o)l < olz, M) + ¢
(coomeememeenno || — @(x)|| < (14 ¢€)o(x, M)).

C pa3ju4YHbIME CBOHCTBAMHU MHOXKECTB, 00JIaJIAlONIUX E£-BbIOOPKOI MOXKHO O3HAKO-
MUThCs B paborax [1,2].

MuoxectBo M C X masbBaercs P-kierdaTonofobHbiM (B-KIeTdaTonogo0HbM ),
ecyi Jijisi BceX ToueK x € X MHOXKeCTBO Py sBJISeTCs KJIeTIaTONO00HbIM (Hery-
croe repecevdeHre MpOU3BOJIHHOIO 3aMKHYTOrO Tapa KJeTdaTornoo0Ho). MHuoxecTBO
M C X nasbiBaercs é—CT?{FI/IBaeMblM, eCJIM ero HEeIyCTOe MEePEceveHne ¢ MPOU3BOJIh-
HBIM OTKPBITBIM IIAPOM CTSTHBAEMO.

Teopema 1. Annporxcumamusro xomnaxmmoe muoscecmeo M 6 barnarosom npo-
cmpancmee X obaadaem das ecex € > 0 nenpepvishot addumusnot (MysbmuniuKkae-
muenoti) -6b100pKoT Mmozda u MoAvKO Mo2da, k0204 IMO MHONCECMBO AGAAeMCA P-
KAEMUamonodobrvim. Jis xoneunomepnozo npocmparcmea X 2mo pasHocusvrio B-

raemuamonodobrnocmu u B-cmazusaemocmu muoocecmea M .
JUTEPATYPA

1. Anumos A. P., Ilapvkos H.I. CBA3HOCTH W COJHEYHOCTh B 33/1a9aX HAMJIYHNIErO W IOYTH HAWIyHdNIero npubsvkenws/ /

Vemexn mat. mayk. 2016. T. 71, Ne 1 (427), C. 3-84.

1PaBora BHIMONHEHA TpH bUHAHCOBOH TIoAepkKe Poccuiickoro donga byHTaMeRTaIbHEX Hecaeaosanrmit (16-01-00295).
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2. Ilapvroe H. I.. Henpepoiaas e-oibopka // Maremarmaeckmii c6opamx T. 207, Ne 2. C. 123-142.

M. M. lIsuas (Pocros-ua-/lony)
tsvilmm@mail.ru

OBOBIIEHHBIE OTTEPATOPHI ®ABEPA
T TOMNTIINJINHIPUYECKINX OBJIACTEI

Yepes C™ 0603HAUUM N-MEPHOE KOMILJIEKCHOE IIPOCTPAHCTBO, €10 TOUKK 2= (21,...,2,)-
[ycrs DT = D x D x ... x Df, D~ = D] x Dy X ... X D, — nomanunun-
npudeckne objactu B C™ ¢ octoBom 0 = Ly X Lo X ... X L,, rie D,j — KOHeU-
Has OJHOCBA3HAA obsacTh B mockocTn Cl. orpannyennas CrpsaMisgeMoil »KOpaHO-
Boil Kpusoil Li; D, — ee JonosHenue Jio Beeit MI0CKoCTH; MYHKIUA 2 = Ui (wy,)
KOH(MDOPMHO U OJTHOJMCTHO OTOOpaXKaeT BHEITHOCTh eIMHUIHOrO Kpyra {|wy| > 1} Ha
obsactb D, 1ipn ycnosusx 1 (00) = 00, ¢ (00) > 0; dyukuus wy, = () — obpar-
nast K P (wg), k=1,2,....n; UT ={w e C": |wg| <1, k=1,2,...,n} — nonuxpyr
B C", T" — euHUYHBIA TOP.

[Iycrs B obiactu D onpejiesiera BecoBast (pyHKnust g(z) anajutudeckas B D™, 01-
nmaHag ot mHyaa B D u g(oo) > 0. Ilpemmonoxum, uro g(z) € Ey(D™), bynknus
7(t) € Ho(U™) n BoinosiHsiercst yejoBye

/ (O] |dca] =

= [Irolle @@l ld) 1)
J

Tora MoxkHO paccmarpuBaTh 00001eHHBIH oepaTop Pabepa, Jyist HOJIUITUINHPU-
qeckoit obmacru D7

f(z) =

L [0k gy o
Griyr] (=)
riae d¢ = d(y ... d(,; Bekrop (1,1,...,1) obosnaunm uepes I.

Oueparop (2) upu yciaosun (1) npeobpasyer dynxuuio 7(t) € H*(UT) npu duk-
cupoBannoit g(z) B dyukuuo f(z), anamurudeckyio B DV, Buibop Becosoit dyukimm
BJIMSIET Ha OIIEHKKM HOPMBbI 0000IeHHOro oniepaTopa Pabepa. B ciyuae, Koryia BecoBast
QyHKIMS UMeeT pasyioyKeHne BUJIa
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0bobIeHHbIi oreparop Pabepa mpeodpasyeT MHOIOUIEH N IepeMeHHbIX 11, to, ..., Ty

B MHOTOUIEH Buga »  cy®Py(z,g), rue () — HEKOTOPOE TOIMHOMXKECTBO TEJIOINCICHHOIN
eQ
perierku Z'! ¢ HeoTpunaTebHbIME KoopaunaTamu; ®y(z, g) — 0bobIeHHbIe OePTOPDI

dabepa n MepeMEHHbIX.

Crenndurka MHOTOMEPHOI'O CJIydas MPOSIBJISIETCS B MHOTOODPA3UM TTOCTPOCHUS aJl-
reOpanvueckKux MOJUHOMOB B 3aBHCHMOCTHU OT KOHCTPYKIMKM MHOXKecTBe (2. Jlasee mc-
CJIeJIYIOTCsI CBOMCTBa U OIEHKU HOPM 0000IeHHOro oneparopa dabepa B KOHKPETHBIX
cIydastX, TPUMEHEHUe STUX OIeHOK B TEOPUU MPUOIMKEHNsT aHAJUTUICCKUX (DyHKITHIT
B HOJIMIMJIMHIPUIECKUX 00JIACTSX MHOTOYJICHAMHA.

A.II. Yerosmu (r. PocroB-na-/lony, FO®Y)
apchegolin@mail.ru

O PABPEININMMOCTUN HEKOTOPBIX NMHTEI'PAJIbHBIX
YPABHEHUN B ITPOCTPAHCTBAX CYMMMPYEMBIX ®VHKIINN

B pabore paccMmarpuBaeTcst BOIPOC O Pa3perimMOoCT B KJIACCaAX CYMMUPYEMbIX (DY HK-
I[Mii HEKOTOPBIX MHTErPAJbHBIX YPAaBHEHUI IIEPBOrO pojia, 3ajjaBaeMbiX B oOpaszax Dy-
pbe Ha <«JIOCTATOYHO XOPOIINX» (PYHKIUIX cuMBojoM. OcoOblit mHTEpec B obOpaszax
Qypbe mnpejcTapisger coboil ciydail rapMOHHYECKONH XapaKTEepUCTHKU B cuMBoJie. B
OJIHOMEPHOM CJIydae aHaJIOTOM TaKOi CHTYyalluy SIBJISIETCs] TPUTOHOMETPUUECKAs Xa-
paKTepUCTHIeCKash 9acTh cuMBoJia. Ha 9roM npumepe mokasaHa BO3MOXKHOCTH SIBHOI'O
BOCCTAHOBJICHHSI MHTEIPAJIbLHOIO IIpeJICTaBIeHus JeBoil yacTu ypapHenus. Ha ocHoBa-
HUH 9TOTO PereH BOPOC O JIEHCTBUHM COOTBETCTBYIONIETO ONlepaTopa THTIA MOTEHINAJIA, B
[IPOCTPAHCTBAX CyMMUPYEMbIX (DYHKIUIA, 8 COOTBETCTBEHHO U BOIIPOC O PA3PEIINMOCTH
paccMaTpUBaeMbIX HHTEIPaJIbHBIX ypaBHeHnit. KpoMe Toro, B paMKax MeTo/ia, aIllpoK-
CUMAaTHUBHBIX OOpPATHBIX OIEPATOPOB MOCTPOEHBLI KOHCTPYKIUU, OOpaIafoIiue yKa3aH-
HbIE OTIEPATOPHI, T.€. TI0 CYTH, B IPEJIEILHOM BHJe IPUBOIUTCS PEIeHre PacCMaTPUBa-
eMbIX MHTEIPAJIbHBIX YPABHEHUIA.

A. 4. dxy6os (I'posnsrit), JI. 1. Ilankumsuiau (Touaucn)
yakub@inbox.ru

ITPOBJIEMA YEBBIITITEBA B KJIACCE NHTEI'PAJIbBHO
CHUHXPOHHBIX ®YHKIIUN

Onpenenenne. zvepumbie Gynknnu f u g, 3a/jaHHble Ha OTpe3ke [a, b] Oyaem Ha-
3bIBATH UHTEIPAJILHO CUHXPOHHBIMU Ha [a, b], ec/iu CyIecTBYeT 10J0KUTETHbHOE TUCIIO
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q > 0 Takoe, 9TO

/ / () = f(D)lg(t) — g(7)]dtdr = g > 0

yCTOMIMBO Ha [a, ).

Teopema 1. Jlia mozo, umobw, uszmepumvie gynkyun f,g, onpedesennvie na [a,bf,
ObLAU UHIMEZPAALHO CUHTPOHKDL Ha [a,b], neobxodumo u docmamouno, wmobv: kKeadpa-
muyHas Gopma

/ / DFOU = SV — g(r)V]dtdr = g > 0

OvLAG NOA0ICUNEADHO onpedeaennoti daq ecex U,V € R, coemecmmno nepasnvix niyamo.

Teopema 2./[1a mozo, wmobwv, uamepumovie gynuryuu f, g onpedesernnvie nwa ompes-
ke |a,b] ydosaemeoparu wa [a,b] npamvim nepasencmeam Hebviwwesa neobrodumo u
docmamouno, ¥mobvl smu GYHKUUY OvLAY UHMEZDAALHO CUNTPONHDL Ha ompeske [a, b].

JUTEPATVYPA
1. Yebwwes I1.JI. O6 ommoM psijie, TOCTABISIONIEM TTIPEIEIbHBIE BEJIMYNHBI, HHTEIPAJIOB IPHU PA3JI0KEHNN TTOIBIHTET PAJIHHOM
dyukimn na muoxuresn. Vzag. AKH CCCP. ITosmoe cobpanue counuennii. T.3. crp. 157-169 Mocksa - Jlenunrpas 1948r.

2. Yakubov A., Shankishvili L. Some Inequalinies For Convolution Integral Transforms// Integral Transforms and Special
Functions 2(1), 65-76, 1994.3.
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S.N. Askhabov (Grozny)
askhabov@yandex.ru

EQUATIONS OF CONVOLUTION TYPE WITH A MONOTONE
NONLINEARITY!

Various classes of nonlinear integral convolution type equations on a finite (in the
periodic case) and an infinite interval of integration were studied in the monograph
[1]. The property of the (Bochner) positivity of the convolution operator, which is
guaranteed by the condition of nonnegativity of the discrete (in periodic case where
the interval of integration is the closed interval [—m, x]) or the integral (in the case
where the interval of integration is the whole real axis or semiaxis) Fourier cosine
transform of its kernel, plays an essential role in this connection. In the case of the
interval [—m, 7], some convex (downward) functions can serve as examples of such
kernels. In the case of the interval [0, 1] considered in this work, the study of nonlinear
integral convolution type equations involves additional difficulties related, in essence,
to the fact that the positivity of convolution type operators in the space L,(0,1) is
no longer guaranteed by the convexity (downward) of its kernels. In the present work,
under additional constraints on the kernels of the equations under consideration, global
theorems on the existence, uniqueness, and estimates of solutions for various classes
of nonlinear integral convolution type equations in the real Lebesgue spaces L,(0,1)
for any p € (1,00) are proved using the method of monotone operators 2], and also
corollaries illustrating the obtained results are given. Farlier, similar theorems were
proved for different classes of nonlinear equations, only for p € (1,2], or only for
p € [2,00) (see [1, Chap. III], [3]). It is shown that the solutions can be found in space
L5(0,1) by a Picard’s type successive approximations method. In the case of a power
nonlinearity, it is shown that the solutions can be found by the gradient method in the
space Ly(0,1) and the weighted space L,(p) .

REFERENCES
1. Askhabov S. N. Nonlinear Convolution Type Equations. M.: Fizmatlit, 2009 [in Russian].
2. Vainberg M. M. Variational Method and the Method of Monotone operators in the Theory of Nonlinear Equations. M.:
Nauka, 1972 [in Russian].

3. Askhabov S. N. Equations of Convolution Type with a Monotone Nonlinearity on an Interval // Differential Equations.
2015. Vol. 51, Ne 9. C. 1173-1179.

1 This work was supported by the Russian Foundation for Basic Research (grant no. 13-01-00422-a).
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I1. B. Babu4, B.B. JleBenmram, C.II. IIpuka (Pocros-na-/lony,
BianukaBkas)
Vleven@math.rsu.ru

ACUMIITOTUNYECKUE OBPATHBIE 3A/TAYN

[Iycre 1T = {(x,t) : 0 < x < m;0 <t <1}, I' - ee mapabonuueckas rpanuma. B mo-
KJIaJ1e pedb MOMET O JIBYX OOPATHBIX 33/1a9aX JJId NapaboInIecKoil HadalbHO-KPaeBOil
3312491 C OOJIBINUM TTAPAMETPOM wW:

Ju — U f(a)r(t,wt), (z,t) €11,
ulp = 0.

(1)

Haunem c nepBoii. B Heit Hen3BeCTHBIM ABJIAECTCA 27-IIEPUOAMIECKUN IO T COMHOXKH-
tesib (¢, 7). B ¢Bsi3u ¢ 91MM 3ajaHa JByWIeHHAsT aCMMITOTHKa perienus 3agaqu (1),
BbIYUCJICHHAsE B TOUYKe T, B KOTOPO# f(xg) # 0. [Ipu HEKOTOPBIX yC/IOBUSIX yCTAHOB-
JIEHO CYIIECTBOBaHME U €JUHCTBEHHOCTb (DYHKIIUU 7° U3 OIPEJICJICHHOIO KJIacca.

Bo BTOpOii 33/1ate HEM3BECTHBIM COMHOXKHUTEIEM siBJisiercst dyukims f(x). B csasn
C 9TUM 33JIaH [VIABHbIH YJIEH ACUMIITOTUKY pelierns 3ajadu (1), BbIYUCIeHHBI B TOY-
Ke tg, B KOTOpOil (byHKIUsI r(t, 7') MeeT HeHyJaeBOe cpejiHee MO BTOPOW MepeMeHHON.
[Ipu HEKOTOPBIX YCIOBHAX YCTAHOBJIEHO CYIIECTBOBAHNE (DYHKIUH f U3 OIPEIeIEHHOTO
Kjacca. Haiiienbl mpocThie JI0CTaTOuHbIe YCIOBUS Ha tg, TP KOTOPHIX f ompejesena
OJIHO3HATHO.

OtrmeruMm, uTo nepBas obpaTHas 3aja4a, HO 6€3 BLICOKOYACTOTHOIO MapaMeTpa, Obl-
Ja nccyeoBata paree B pabore [1]. Ilo moomy Teopun obparTHbix KOIDOUIHEHTHBIX
3aJlad CM. TakxkKe MOHOrpaduio 3roro apropa [2]. 3amerum ere, 4To HEKOTOPbHIE pe-
3yJIBTATHI JIOKJIA1a OMyOJINKOBAHbI B paborax [3-4].

JUTEPATVYPA
1. Jenucos A. M. AcumnroTuka pemenuii 00paTHBIX 3329 /I TUMEPOOJIMIECKOTO yPABHEHUS C MAJIBIM MapaMeTPOM IIpPU
crapmeii mpoussoguoii // ZKBMuM®. 2013. T. 53, Ne 5. C. 744-752.
2. Henucos A. M. Beemenne B Teopuio 00paTHBIX 3amad. M.: MTY, 1994.
3. Babich P.V., Levenshtam V.B. Direct and inverse asymptotic problems high-frequency terms // Asymptotic Analysis.
2016. Ne 97. C. 329-336.

4. Babuw II. B., Jlesenwmam B. B. Obparnas 3aja4a Jjis yPABHEHUs TEIIOLIPOBOAHOCTU C BBICOKOYACTOTHBIM UCTOYHUKOM

// Tpyzst Hayusoit mkosst I.B. Cumonerko. B.2. 2015. Uzx. FO®Y, Pocros-na-lony. C. 57-62.
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2K. A. Bankuzos (Hanpuuk)
Giraslan@yandex.ru

ITEPBAA KPAEBA{A 3ATAYA /1JI4 MOJAEJIBHOI'O YPABHEHU A
ITAPABOJIO-TUITEPBOJINMYECKOI'O TUITA BTOPOI'O ITOPA/IKA
B OBJIACTHI C OTXOA0M OT XAPAKTEPUCTUK

Ha eBKJII/I,ILOBOfI IIJIOCKOCTH HE3aBUCHUMbIX IIEPEMEHHBIX T U Y PaCCMOTPUM YpaBHEHHUEC

—k s <0
Ly = { G =W y <0y (1)
Uyy + Uy, y >0

rie 0 < k1 < k(y), f(2) = f(x,y) — 3agannbie Gyukuuu, u(z) = u(z,y) — uckomasi
dyHKIHS.

Ypasuenwue (1) paccMaTpuBaeTcss B KOHEUHO# OJIHOCBsI3HO# obacTu (), orpaHuveH-
Hoii orpeskamu AAg, BBy npsymbix x = 0, £ = 7 1 HEKOTOPOil KYyCOUHO - TJIaIKOIf
kpuBoii 0g = AgBy : y = ¢(x) ¢ konunamu B Toukax Ag(0, yo), Bo(r, ), Jexaieii B
BepxHeil moaymiockoctn y > 0, a mpu y < 0 obsacTs €2 orpannvera IByMs IIepeCceKaio-
IIIIMECS KPUBBIMI: MOHOTOHHO yObIBatomeil riaakoit kpusoit o1 = AC' : y =7 (x) S
CL[0,1], 0 < 2 < I, Boxoggameit 3 Toukn A = (0, 0) 1 MOHOTOHHO BO3pacTAIOMIEI
rajikoit kpusoit 0y = CB 1 y = yo(z) € CH[I, r], I < x < r, coepunsiomei TouKu
B = (7’, 0) unC = (l, ’}/Q(l)), ’)/1(0) = 0, ’)/2(7’) = 0, ’Yl(l) = ’)/Q(l) < 0; Ql n QQ -
rutiepOoinaeckasi ¥ napabondeckast 4acTu cMmermannoi obmactu 2 = O U Qs U J,;
Jr={(z,0): 0<z<r} fel(),i=12 k(y) € C[n(),0].

Kak cieyer u3 pesyiabratoB paborhl [1], mocraHOBKa MepBOil KpaeBoil 3aadu Jijist
ypaBHEHNS CMEIIaHHOrO IapaboJIo-TUIepOOINIeCKOr0 THIIA BTOPOIO IMOPSIIKA CYIIe-
CTBEHHO 3aBWCHT OT PACIOJIOXKEHUST KPUBBIX 01 W 09 OTHOCHTEJIHLHO XapaKTePUCTHK
ypasrenus (1) upu y < 0. Huke Oyjer chopmympoBana neppasi KpaeBas 3ajada Jijist
ypaBHeHust (1) Ipu pasIMIHbIX CJIYUIasX PACIOJIOKEHUsT KPUBBIX 01 U 09 OTHOCHTEIHHO
XapaKTePUCTHK

y y
AC’lzx—F/\/kz(t)dt:O, ClB:x—/\/k(t)dt:r,
0 0

3TOr0 ypaBHeHMUsl.
Pezyaapnvim 6 obaacmu ) periennem ypashenusi (1) HazoBeM BesiKyio (DyHKIUIO
u(z) = u(z,y) us xkracca C(Q) N CH(Q) N C*() N C;(Qy), moacTaHOBKA KOTOPOI
obpalaer JaHHoe ypaBHEHHE B TOXKJCCTBO.
Tlycrs kpusble 0 1 0 Takosbl, 9to \/k(y)y(x) < —1, 0 < /E(y)y(z) < 1. B
9TOM CJIyuae nepBas Kpaesas 3a1aua s ypasaenus (1) dpopmysupyercs cieyionum
obpazoM:
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Bagaga 1. Hatmu peeyaspnoe 6 obaracmu 2 pewenue u(z) = u(x,y) ypasrenus
(1), ydosaemeoparouwee KpacsvM YCAOGUAM

u(z) =0  Vze BByUoggU os. (2)

Mpr —1 < 3, (2)/k(y) < 0, 0 < vo(2)1/k(y) < 1 nmeenm:
Bagaga 2. Hatmu peeyaapnoe 6 obaracmu 2 pewenue u(z) = u(x,y) ypasrenus
(1) uz waacca C (1 U ay), ydosaemeopaowee yeaosuam (2) u ycaosumo

uy(z) =0  Vzeo. (3)

Ecin xpusbie o1 u 0y obmagaior csoiicrsamm: /k(y)y,(z) < —1, \/k(y)ys(x

TO B 3TOM CJIydae IepBas Kpaesas 3ajaja Ui ypaBHeHUs] ( ) cbopMyﬂpreTcs{ TaK:
Bagaga 3. Haimu pezyrapnoe 6 obaracmu ) pewenue u(z) = u(x,y) ypasrenua
(1) us xaacca C1 (2 U aq), ydosaemeopaowee yeaosuam (2) u yeaosuro

uy(2) =0V z€on. (4)

V1, maKomer, B ciryuae, KOT/ia KpUBLIE 0 U 0y 0b/1a1ai0T caoiicrBami: /k(y)vy(z) >
1, —1 < /k(y)y,(x) < 0, nepsas kpaesas 3ajaua s ypasuenus (1) 6yaer dopmy-
JIMPOBATHCS TaK:

Bagaga 4. Hatmu peeyaspnoe 6 obaracmu 2 pewenue u(z) = u(x,y) ypasrenus
(1) us xaacca C1( U oy U ay), ydosaemsoparowee yeaosuam (2), (3) u (4).

CupapejiiuBa

Teopema 1. IIycmv xpusas oy maxosa, wmo ona obaadaem c60TicmeEoM:

oo: y = p(x) € CH0, 7], npunem ' (x) < 0.

Toeda das pewenus u(z) = u(z,y) nepsot kpaesot 3adawu (3adavu 1-4) umeem
MECINO IHEP2ETMUYECKOE HEPAEEHCTNEO

lolly, < My |[Lyolly

ede pynruus v(z) = v(r,y) ceasana ¢ pewenuem u(z) = u(x,y) ucrodnozo ypas-
nenus (1) no gopmyne u(z) = exp(px)v(z); Ly,v = exp(—px)Lu; p — nexomopoe
ompuyamenvroe wucro; My — noaoscumesvnas nocmoannai, ne 3a6ucauas om u(z)
uv(2); g, Il — nopmwe 6 npocmpancmeaz Lo(2) u Wy () coomsememsenno.
JUTEPATYPA
1. Hazyues A. M. K reopuu mueiiinix Kpaesbix 5a1a1 fisl ypABHEHI BIOPOLO HOPSIKA CMEUIANHOTO ruiiep6oso-napaso-

smaeckoro tuna// duddepenn. ypasuenus. 1978. T.14, Nel. C. 66-73.
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BUOYPKAIIN TEPMOI'PABUTAIIMOHHBIX PE2KNIMOB B
IIOTPAHNIYHOM CJIOE BBJIN31 CBOBO/JHOW I'PAHUIIBI

TemmeparypHble TOTPAHUYHBIE CJIOM C YIETOM KaIlMJISPHBIX CHJI aKTHUBHO M3yda-
I0TCsl B CBSI3M C dKCIEpUMeHTaMHu B KocMoce. OJHAKO, TepMOIPABUTAIIMOHHbBIE IIOIDa~
HUYHBIE CJIOM BOJIM3U CBODOJIHON rpaHullbl 6€3 yuera KanuuissipHoro sgpdekra nouru
He uccliejloBanbl. B jlokJjiajie npejcraBieHbl UCCe/0BaHus 110 ITOW 1pobJieMe.

Ha ocnoBe ypaBHeHuit 1BUKEHNs HEOITHOPOIHOM »KUJIKOCTU B pudsnxenun Obepoe-
Ka-bByccnnecka paccanThIBAETCS TEPMOTPABUTAIIMOHHOE CTAIMOHAPHOE OCECHMMETPIY-
HOE TEYEHUE YKUJIKOCTH B TOPU30HTAIBLHOM CJIOE, OIPAHUICHHOM CHU3Y TBEPON CTEeH-
KOIi, & CBepxy CBODOJIHOI T'panutieit. PaccMoTpenbl JiBa Buia TeMIIepaTypPHBIX I'PaHII-
HBIX YCJIOBHIl - JIOKAJIbHBII HArpeB MJIKA JIOKAJbHOE OXJIarK]IeHHe CBOOOJHON I'DAHUIIBI
BOIN3M ocu cuMMeTpun. ITocTpoeHnbl aCHMITOTHYECKIE PA3JIOKEHNsT PEIeHI KPAeBOii
3aJ1a49M, TJIABHBIA YJIEH KOTOPBIX OMKMCBHIBACT TEUECHUE B HOIPAHUYHOM CJIOE € YUETOM
BHeIIHero moroka. Ilojst ckopocreil u TemiepaTypbl paccunTanbl ducjiaeHHo. [Tokaza-
HO, 4TO IIPHU JIOKAJbHOM OXJIaKJICHUHM CBOOOJIHON I'paHUIIbI BOBHUKAET BpalllaTebHbIi
PEXKUM B IMOIPAHUIHOM CJIOE.

Yuciennble pacdyeTbl HEJMHEHHON KpaeBoil 3a1auy IPUBOAAT K JIBYM BUJIaM PEXKHU-
MOB - OCHOBHBIM U BpamiaTejbHbIM. OCHOBHBIE PEXKUMbI OIKCHIBAIOT TEUCHHE KU KO-
cti Oe3 Bpalenusi. BpamareabHble PeXKUMbI BOSHUKAIOT IyTEM BETBJIEHUsT OCHOBHBIX
PEXKUMOB U CYIIECTBYIOT TOJIBKO, €CJIM CKOPOCTb BHEIIHErO IOTOKa, HE MPEBOCXOJUT
oudypkanronnoro 3uadenusi. Touku OudypKanum HaiijieHbl dncjieHHo. PaccMorpen
caydail MaJioil ToJmuHBL cjiod. IIpuBejieH BbIBOJ, ypaBHEHMs pa3BerBJieHusdA. B 3aBu-
CUMOCTH OT 3HAUEHUI apaMeTPoB 3a/a4d OJIyIeHbl TPU TUIA YPABHEHN PA3BETBIIE-
Hust. B KaxK0oM ciiydae orT TOYKKM OuypKaluy OTBETBIISIOTCA 110 JBa, BPAIAIOIIMXCs
peXkuMa, KOTOpble pacCcUuTanbl ducjeHHo. Ha ocHoBe pesyibraToB paboThl BO3MOXKHO
MOJIeJINPOBaHNE TOPHAJIO0 B aTMocdepe.

E.II. Benan (Cumdeponoss)
belan@crimea.edu

JINHAMUKA ABTOMOJEJIBLHBIX PEIIIEHUN
CPEHOMEHOJIOI'TYECKOI'O YPABHEHU{ CIIMHOBOI'O
I'OPEHN

CHuHOBBIM pexKrMaM 0€3ra30BOr0 I'OPEHUsl TOHKOCTEHHOI'O KPYI'OBOI'O IUJIKNHIPa, Pa-
auyca 1 peromenosiornuecku [1] coorBercTBYIOT perienus Tuia Oeryimx BOJIH ypas-
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HEHUA
. . 4 A2 BA :

3yech & — KOOpAMHATHI TOYEK (DPOHTA TOPEHUsl B CUCTEME KOODJIMHAT, B KOTOPOIi
dponT B cpegHeM nmokouTcst, A — ojgnomMepHblii oneparop Jlammaca, 0 < e < 1, A > 0,
£ > 0.
Bompockr o cyiecrBoBannu, hopme U yCTORIMBOCTH ABTOMOJIEIbHBIX pernenuii (1),
OTBETBJIAIOIINXCS OT TEPSIIONINX YCTONIUBOCTH OEIYIIUX BOJIH, IPOCTPAHCTBEHHO OJTHO-
POJTHOTO TIPEJIEILHOIO MUKJIA U MIPEJCTABUMBIX ¢ TOYHOCTHIO MOPSAJIKA € B BUJIE

§ = A(6,p,8) cos(t + p(6,,8)), 6 = =, p = 2mr /X

A, ¢ — 2m-nepuopuyunsl 10 0, paccmarpusaaucs B [2,3].

Jokma i mocBsiien JUHAMUKe [P yBeJUYeHun p (HOPM U YCTORUIMBOCTH aBTOMO-
nebHbIX perrennii (1). OTMeTnM, 9T0 UMeeT MeCTO 3aBUCHMOCTD YCTORIUBOCTH aBTO-
MOJIeJIbHBIX periernit (1) or 5. YeraHOBJIEHO, UTO NPH yBEJAUIEHUH ) 3aBUCHMOCTDH aM-
Ty 1 (pas aBTOMOJEILHBIX peleHnii oT 6 Bospacraer. AMILIUTY 18 ABTOMOJIEIBHOTO
PEIIIeHNs], OTBETBJISIIONIETr0CS OT POCTPAHCTBEHHO OJIHOPOAHOIO MPEIeJILHOIO IUKJIA, B

gacrHocTH, 1Ipu p ~ 1000 gaBisercs ObicTpo ocruLupyomeit dyHkiueit 6.

JUTEPATYPA
1. Beavdosuy A. B., Maaomed B. A. CloxKHBIE BOJHOBBIE DEXKUMBL B DACIpPEIEICHHBIX IUHAMUYECKUX cucremax. // V3.
By30B, cep. Pagmodusuka, T. 15, Ne 6 (1982), C. 591 — 618.
2. Beaan E. II., Camotinenxo A. M. Junamuka nepuoguvecKux pekumMoB (HPeHOMEHOJIOIMYeCKOro yPaBHEHUs CIIMHOBOIO

ropenns. // YM2K, T. 65, Ne 1(2013), C. 21-43.
3.Camotinenxo A. M., Beaan E. II. Tlepmommaeckue pexkumbl HEHOMEHOIOTHIECKOTO YPABHEHUS CIIMHOBOTO TOPeHud. //

Jduddepenmmanvase ypasrenuna, T. 51, Ne 2(2015), C. 211-228.

A.B. Bparumes (AI'TY, Poccus)
avbratishchev@spark-mail.ru

KPUTEPUN YCTOMNYNBOCTHA IIOJIOXKEHNI PABHOBECUS
CUHEPTETUYECKOI'O PETVJIITOPA

[IycTh 3aKOH M3MEHEHUST COCTOSTHUS THHAMUYECKON CHCTEMbBI ONMMCHIBACTCST aBTOHOM-
HOM CUCTEMOW TPEThero MmopsjiKa

CraBuTcst 331898, HAXOXK JICHUS a/IJATUBHOIO YIIPABJICHUsI CKOPOCTSIMU U3MEHEHHUsI JIBYX
¢a30BBIX KOOpJIMHAT, IIPX KOTOPOM HAaIlepe/] JaHHOe ojiHoMepHoe jiud hepeHImpyemMmoe
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MHOTr000pasue

F12 = {(x17x271:3) : ’@/)1(1:1,5172,333) - O,¢2(I1,ZC2,ZE3) - O}

OyjieT MHBAPUAHTHBIM U HPUTATUBAIONIUM B I[I€JIOM JIJIsi TPAEKTOPUI CUHTE3UPYEeMOro
perynsaTopa. st 9Toro morpedyeM, U4TOOBI arpernpoBaHHBIE MEpeMeHHbIe 1)1, 1y Ha,

TPAEKTOPUAX IPOCKTUPYEMOI CHCTEMBI YJIOBJIETBOPSLIN JudhepeHnnaabHbIM ypaBHe-
HUSAM BUJa,

U1 = q1(¥1), Yy = g2(12), 91(0) = g2(0) =0,
a HyJIeBbIE MOJIOYKEHHUsI PABHOBECHsI TUX YPaBHEHUH OblIi Obl yeTOHUUBbLL B 11€510M |1].

Y I / 0,0 ..0
Obosnaunm Aj; = by, o, — i, ¥, n npeanonoxnm Aya(zy, T3, 23) 7 0 151 TOUKH
u3 ['15. Torja ypaBHeHue cuHepreTuieckoro peryJisitopa HpumMer Bu/l

( 1
2y = —— (o3 fs + Uy, 91(101) — U, g2(1h2))
A112
<

th = —— (Da1 fs = by, 1 (1) + 0, ga(thn))
AlZ

( L3 = f3(l‘1, L2, $3);

u ero nojiokenus pastosecust (3, 9, 13) JOJKHB ABIATLCA PEIICHUSIMU CHCTEMbI

(1,22, 23) =0
o1, 22, 23) =0

f3($17 X9, :C?)) — 0

TeopeMa. Honoocenue PasHOBECUA PESYNAITNOPA ACUMTIMOTNUYECKU ycmoﬂ%ueo, ecau

/ / /
A12 ¢21‘1 waQ wQ.ﬁg < 0
/ / /
f3$1 fgl‘g f31‘3 ( 0 .0 O)

x7,29,T3

/ /
glwl (29,29,29) < 07 g21/}2 ( < 07

29 x(l)’l‘g7xg)
U HeYcmotUuueo, ecau roma 0vi 00HO U3 HEPABEHCME NPOMUBONONONCHOE. B cayuae
HECMpo2UuTr HEPABEHCIN G HYNHCHDL donoanumenvrvle Uccaedo6anu.

JUTEPATVYPA

1. Koaecnuxos A. A. TlocsienoBarebHas ONTUMA3AINS HEJTMHEHHBIX arPErMPOBAHHBIX CUCTEM ympaBJenus. M.: Dueproatom-

u3zar, 1987, 160 c.
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O CTPYKTVYPE JUCIEPCUOHHBIX MHOYKECTB JIJId
HEOJTHOPO/IHBIX BOJTHOBOJ/IOB C JWUCCUIIAIINE

UccenemoBambl BOTPOCHI pacpoOCTPaHEHUS BOJH B HEOJHOPOJIHBIX BOJHOBOJIAX Pas-
JUIHON CTPYKTYPBI ((PYHKIHOHATBHO-TPAJUCHTHBIC YIIPYTHE, TOJUMEPKOMIO3UTHDIE,
CJIOUCTBIE ¢ BOJIBIINM YUCJIOM CJIOEB) € YUETOM 3aTyXaHHsi, TPUIEM UCIOJIL30BaHa KOH-
HENIMs KOMIIJIEKCHBIX MOJIYJIEH, 103BOJISIONIAs aHAJIU3UPOBATH CTPOCHUE KOMIIOHEHT
JINCTIEPCHOHHBIX MHOXKECTB B IMIHPOKOM JTHAIIA30HE U3MEHEHUs TapaMeTpoB.

Jlnst anam3a JIMCIepCuOHHOTO MHOYKECTBA COCTaBJICHO MaTpUiIHOE JInddepeHInab-
HOE ypaBHEHUE 11€PBOI0 OPsJIKa, IPUYEM KOMILJIEKCHAsS MATPUILA, C 3aBUCAIIIUME OT KO-
OpJINHAT 3JEMEHTAMHU TTOPOXKTAET CIEKTPATbLHBIN MyYI0K, COIEPYKAIINN TBa CIEKTPAJIb-
HBIX TTapaMeTpa — Oe3pa3MepHble JacTOTy W BOJIHOBOE YHCJIO; OTHOCHTEJHLHO TEPBOTO
napaMeTpa 3JeMeHThl MATPHUILHI SBJIAIOTCS PAIMOHAIbHBIMU (DYHKIIUSMEI, OTHOCUTE b~
HO BTOpPOIo - KBajiparuunbl. Popma HpejicTaB/eHns OlepaTOPHOIO IyUKa 1103BOJIs-
eT UCCTEJOBATH C €IUHBIX TMO3UINN JIUCTIEPCUOHHDBIE COOTHOIIEHUS JIJI OTPAHTIeHHBIX
HEOJTHOPOJIHOCTEN PA3TMIHOTO BU/Ia - HEMPEPBIBHBIX U PA3PBIBHBIX. YCTAHOBJIEHBI HEKO-
TOPbIE CBOMCTBA JIMCIIEPCUOHHOIO MHOXKECTBA, COJIEPrKaIlero BeleCTBEHHbIE U MHUMbIE
KOMTIOHEHTBI, U3y9IeHO er0 CTPOEHUe MPU MAJBIX 3HAYEHUSIX CHEKTPAJbLHBIX TapaMer-
pPOB, Ha OCHOBE TPOEKIMOHHOTO METOMa MPEJJIoKeHa MpOCcTasd MPUKJIaIHAS TeOpus.
BhIsiBJIEHO CYIIECTBEHHOE OTJIMYUE CTPOCHUS JIMCIIEPCHUOHHOTO MHOYXKECTBA OT MJIeaJIb-
HOTO ciydasi. [Ipu HyJjieBOM 1€pBOM CIIEKTPaJIbHOM IapaMerpe MaTpulla CTaHOBUTCH
BEIECTBEHHOM, TOYKN MHOXKECTBA COCTOSAT U3 YETHIPEXKPATHOTO HYJIEBOTO 3HATEHUS
U CYETHOTO MHOXKECTBa CHMMETPUUYHBIX YeTBEPOK KOMILJIEKCHBIX COOCTBEHHBIX 3Have-
HUIi; ¢ yBEJIMUYEHUEM TIePBOI'O MapaMeTpa CUMMETPUsi Pa3pyliaeTcs, OJHAKO BCE MOJIbI
SIBJISIFOTCSE HEPACIPOCTPAHSIONIAMUCH.

s auciennoro pemnienns OJIHOPOJIHON KpaeBoil 3aJladu MCIOJB30BaH MeTO]] TPH-
cTpesiki. B paMKax 3Toro 1mojixojia HaifJleHbl CKOPOCTU U KO MUIIMEHTHI 3aTyXaHWs B
HEOJIHOPOJIHOM CJIOUCTOM IbE303JIEKTPUIECKOM BOJIHOBOJIE U B IIUJIMHJIPUYECKOM BSI3-
KOYIPYTOM BOJTHOBOJIE.

Yucsenno n aHaIUTUYIECKH MCCJIEI0BAHbl 3aKOHOMEPHOCTH CTPOEHUS JTUCTIEPCHOH-
HBIX MHOYKECTB JIJIsI Pa3JIMIHbBIX TUIIOB HEOJIHOPOJIHOCTH.

1PaBora BHIMONHeHA TpH ToAAepKKe PODU (mpoext 16-01-00354).
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SAJAYA JTNPUXJIE JJI4d OBBIKHOBEHHOI'O
JANO®PEPEHIINAJIBHOI'O YPABHEHI A APOBHOI'O ITIOPAJIKA!

Paccmorpum ypaBHeHune
> Bidhu(x) + Mu(z) = f(z), = €]0,1], (1)
j=1

e a; €]1,2[, A\, B € R, 1 > 0, a1 > ag > ... > ap, 6&1@(1‘) — peryaspu30BaHHAs
npobHast mpousBojiHas (mpousBoaHas Kamyro) [1, ¢. 11].

JIuneitHbie 0ObIKHOBEHHBIE Hud hepeHInaabible YpaBHEHU JIPOOHOIO IOPSJIKa C 110~
cTosiHHBIME KO3 dUIMeHTaMI KeceoBagnch B paborax [2| n [3] (cm. Takxke 6Gubsimi-
rpaduro ram).

Pezyaaprvm pewenuem ypasaenus (1) nazoBem yHKIuo u = u(x), UMEOIYIO
abCOJIIOTHO HENPEPBIBHYIO MPOU3BOJHYIO MEPBOro nopsijika Ha orpeske |0,1] u yiosie-
TBOpsitolias ypasaenuto (1) st Beex x €]0, 1.

Bamaua: Hatimu pezysaproe pewenue ypasnenus (1), ydosaemeoparowee yciosu-
AM

u(0) =a, wu(l) =1, (2)

2de a,b— 3adanmnvie nocmoarHbie.

B nmannoit pabore pokasama TeopeMa CYIECTBOBAHHUS U €IMHCTBEHHOCTH PEIICHUSI
zasiaan Jlupuxie, 1mMojydeHo siBHOE MPEICTaBICHUE PeNeHnst NCCIeyeMoii 3a1aqu u
nocrpoena coorpercryitomast pynkius ['puna. Jokazana, 4ro ucciejiyemas 3ajaqa
paspemnmMa mpu JoboMm mapamerpe A € R, 3a nckiodeHneM, ObITh MOXKET, KOHEUHOI'O
YUCTIA.

JUTEPATVYPA
1. Haxzywes A. M. Ipobuoe ucuucsienue u ero npumenenue. M.: @usmariaut, 2003. 272 c.
2. Ilczy A. B. HauasnbHas 3ama4a sl JIMHERHOTO OGBIKHOBEHHOTO My depeHnmaanHoro ypaBHeHusT APpOGHOTO TIOpsaKa //
Mar. cooprmk. 2011. T. 202, Ne 4. C. 111-122.

3. Kilbas A. A., Srivastava H. M. Trugillo J. J. Theory and applications of fractional differential equations // North-Holland
Math. Stud., Elsevier, Amsterdam. 2006. T. 204.

A.B. I'mab, B. A. Horun (Pocros-na-/lony)
gil@sfedu.ru

KOMIIJIEKCHBIE CTEITEH OJHOT'O /IN®PEPEHITNAJIBHOI'O
OIIEPATOPA B LP-ITPOCTPAHCTBAX

PaBora Boimonnena npu dbunancoBo# nogaepxke POOU (mpoekr 16-01-00462-a).
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[Iyctn
n 82
2
T=m1 +i —f—g (1—iX) 5=, m>0,
Tn41 1 Ox k

e A= (A,..., ), e >0, 1<k<n.

KoMmIiekcHbie cTernenn oneparopa Sy ¢ OTPUIATEIbHBIME BEIECTBEHHBIMHI TaCTIME
Ha Gyukiwsx p(z) € ® onpeessoTes Kak MyJIbTHILIMKATOPHbIE OIIEPATOPbI, eficTBue
KOTOPBIX B 0b6pazax Dypbe CBOAUTCS K YMHOMKEHMIO Ha COOTBETCTBYIOILYIO CTeleHb
CUMBOJIa PACCMaTPUBACMOr0 OllepaTopa:

o n —a/2
—a/2 2 2 . 2 o~
576 = (' G- 4Tt oo
k=1
rie £ € R ¢ = (&,...,&,), Rea > 0.
KowMmmekcHble cTenenn onepaTopa SX C OTPUIATEJILHON JIeHCTBUTEILHON YaCThIO Ha

byukmMAx () € L, peasnzoBaHbl B BIJIe aHU30TPOIHBIX MOTEHIINAJIOB C HECTAHAPT-
HOIl METPUKO.

Ho@) = [ @t iy

R7z+1

7'['2) a—n—2

2e
(= (Ynt+1)4 ® X

(4m)2(2) T VI =i

k=1

X exX im2n — (k_z)
p{ Yn+1 Z (1+)\)yn+1

k=
IIokazana orpaHMYEeHHOCTL OIIEPATOPA H% u3 L, B L, nipu 0 < Rea < n + 2,
n+2 (n+2)p
1 < P < Rea? q= n+2—pRea”

B pamxkax merona AOO mocrpoeno obpaimenne norennuaios Hxp, ¢ € Ly, n 1aHo
onucanue obpasza Hy(L,) B TepMuHax onepaTopa, J1eBoro obparnoro k Hy.

A.,S. Gorobtsov, O. E. Grigoryeva, E. N. Ryzhov ( Volgograd State
Technical University, Russia)
vm@vstu.ru, rzhvt@mail.ru

SYNTHESIS OF RUNNING STRUCTURES OF HYPERBOLIC
CONTROL SYSTEMS

Problem of transmission of amplitude, form of profile of the structure is solved in the
paper. It should be noted that property of isolation of curve is necessary condition of
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stable information transmission at wide range of initial conditions. In all such equations
L(w)+u(w,d,w) =0, L = ady + b0, + Oy + €0y —linear operator, u (w, d,w) —
desired nonlinear control , generating solution in the form of running periodic structure
(running wave) w = w (§), £ = v £ vt. Thus the problem is reduced to the system with
self-excited oscillations. Therefore desired controls are nonlinear. The transition to the
space of running variables allows to synthesize invariant manifold asymptotically stable
according to V.I. Zubov [1]. In case of more degrees of freedom the problem should be
reduced to multi- channel systems considered in the works |2,3].

Theorem. The following conditions are sufficient for existence of running periodic
wsolated waves in case of hyperbolic equation.:
1) feedback control has the form: u (w, yw) = O,wH (w, Oyw)+ F2w+x20, w+R (w),
where o > v?, v >0 v > 0; H(w, d,w) = & (w2 + g—i (8xw)2>
NI fow(f) R (T)dT,‘
2) function H (w, O,w) is positively determined on phase space of running variables.
We note that the profile of running periodic structure is harmonic at v = 0, and
at 7 # 0 integral fow($+5vt)R(T)dT determines deformation of profile at theorem
conditions. The form of structure profile is determined as the solution of the following
equation: - (w2 + g—z (&Uw)z) +7 [y R(r)dr = v.

REFERENCES
1. Zubov V.I. Stability motion // M.:High School. 1973.272-pp.
2. Gorobtzov A.S., Grigoryeva O.E., Ryzhov E.N. Attracting Ellipsoids and Synthesis of Oscillatory Regimes // Automation
and Remote Control, Vol. 70, 8: pp.1301-1308. 2009.
3. Gorobtzov A.S., Grigoryeva O.E., Ryzhov E.N Analitical Constructing of the Systems of Nonlinear Stabilization. Volgograd,
Pub. VolgSU, 2013.

4. 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.

T. ®. Hoarnx, M. 0. 2Kykos, E. B. IlTupsieBa (Pocros-na-lomy)
dolgikh@sfedu.ru, zhuk@math.rsu.ru, evshiryaeva@sfedu.ru

PEIIIEHUE KBA3UJIMHENHBIX YPABHEHUI
QJIJINIITUNYECKOI'O TUITA
JJI151 SOHAJIBHOTO 3JIEKTPO®OPE3A !

Paccmarpusaercs 3aja4da Kot Juist cucreMbl JIBYX KBas3uJIMHERHbIX juddepeniim-
aJIbHBIX YPaBHEHMIl IMEPBOr0 MOPSIKa SJJINITHIECKOrNO THUIIA, ONUCBHIBAIOIINX IIPOIECC
30HAJILHOIO 3JIeKTPOodOopesa.

1Pabora BhIIOIHEHA OpH (DUHAHCOBOM MOLEP:KKe GA30BOH YACTH TEXHHIECKOTO 3aIAHHSL 213.01-11/2014-1 Munucrepcrsa 06pa3oBa-
wus u Hayku P®; FOOV (M. IO. XKykos, E. B. IllupsieBa), u B paMKax IPOEKTHOH YaCTH IOCYJAPCTBEHHOIO 3aJaHus B cdepe HaydHON
nesarenbHocTH, 3aganue Ne1.1398.2014/K (T. ®. Hoarux).
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I3BecTHO, UTO B 9TOM ciayuae nHBapuanThl Puvana K’ i = 1, 2, KOMIUIEKCHO CO-
npsikenbl. Takum 006pa3oM, LIPU LHOCTPOEHUU HesiBHbIX perienuii x(a,b) u t(a,b) uo-
cTaBJIeHHON 3ajaun Komm ¢ momMoripio MeToja rojgorpada, HeoOXOIUMO yIUTHIBATD,
YTO W mapaMerpbl a U b OyJlyT KOMIIJIEKCHO CONPSIXKEHHBIMU. ZIBHOE Ke pelleHue 3a-
jgaun Kot crpoutcest myTém periienusi cucrembl jiudpepeHimaibibiX ypaBHEHUN Ha
N30XPOHE © = t,.

B pabote paccMOTpeHbl HEKOTOpBIe 3aa9u Koty ¢ TpocTpaHCTBEHHO-TIEPUOIIec-
KUMW HAYaJbHBIMU JIAHHBIMU, UCIIOJIL3YEMbIMU MDY U3YYEHUU HEYCTOMINBBIX KBAa3UI'a-
30BbIX cpejl Tulia raza Jaiibiruna. [lokazano, 4To ¢ TeyeHreM BpeMeHu Takue HadaJib-
HbIe paclpeie/IeHrs NCUe3aloT, peodpPa3ysach B COJUTOHOTOI00HBIH 1 KUHKOIIOTOOHBIi
HEToJIBMXKHbIE TIpousin B Toukax 27wk, k=0, &1, £2, ...

JUTEPATVYPA
1. 2Kdanos C. K., Tpybnukxose B. A. KBasurazosbie neycroituusbie cpespl. M.: Hayka, 1991.
2. XKyxos M. FO. Macconeperoc snekrpudecknm nosieMm. Pocros-ua-douy: Uza. PI'Y, 2005.
3. 2Kyxos M. IO., Hlupaesa E. B., Joseux T. @. Merona romorpada jIs pelrenns runepOoJInIecKuX U SJIIAIITHIECKUX KBa-
3uimHeliabix ypasHenwuit. Pocros-na-ony: Wza. FO®Y, 2015.

4. Senashov S. I., Yakhno A. Conservation laws, hodograph transformation and boundary value problems of plane plasticity //

SIGMA. 2012. Vol. 8. 16 p.

M. A. Dorodnyi, T. A. Suslina (St. Petersburg, Russia)
st023864@student.spbu.ru, t.suslina@spbu.ru

HOMOGENIZATION OF HYPERBOLIC-TYPE EQUATIONS

In Ly(R% C"), we consider a selfadjoint strongly elliptic operator A., ¢ > 0, given
by the differential expression b(D)*g(x/e)b(D). Here g(x) is a periodic bounded and
positive definite matrix-valued function, and b(D) is a first order differential operator.

We study the behavior of the operator COS(tA;/Q), t € R, for small €. It is proved that,

as e — 0, Cos(tAi/Z) converges to cos(t(A°)Y/2) in the norm of operators acting from the
Sobolev space H*(R%; C") (with a suitable s) to Lo(R?% C"). Here A = b(D)*¢"b(D)
is the effective operator. In [1], the following sharp order error estimate was obtained:

| cos(tAL?) — cos(t(A") /) || gamay-s 1o(re) < (Ch + Chlt|)e. (1)

Then also || cos(tAY?) — cos(t(A)Y2)|| ez, = O(e9/2), 0 < s < 2.
Now we obtain more subtle results [2|. From one hand, we confirm that (1) is sharp:
in the general case the estimate

[ cos(tAL2) — cos(t(A") ") |z 1) = O()

is not true if s < 2. The supporting examples are given.
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From the other hand, we distinguish conditions on the operator under which the
result can be improved:

[ cos(tAY?) — cos(t(A") )] ooy < (G + Calt])e

Also, by interpolation, || cos(tAi/Q) — cos(t(ANY?) || gy, = O(e®/3) for 0 < 5 < 3/2.
In particular, this is the case for the scalar elliptic operator A, = —div g(x/e)V, where
the matrix g(x) has real entries.

The results are applied to study the behavior of the solution v.(x,t) of the Cauchy
problem for the hyperbolic-type equation 9?v. = —A.v.. Applications to the acoustics
equation and the system of elasticity theory are given. The method is based on the

scaling transformation, the Floquet-Bloch theory and the analytic perturbation theory.

REFERENCES
1. Birman M. Sh., Suslina T. A. Operator error estimates in the homogenization problem for nonstationary periodic equations,
St. Petersburg Math. J. 20 (2009), no. 6, 873-928.

2. Dorodnyi M. A., Suslina T. A. Homogenization of hyperbolic-type equations with periodic coefficients, in preparation.

B. B. Aynapes, P. M. Muyxuu (PocroB-na-/lony)
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OB OIIPEJEJIEHUU IPEJHATIIPI>KEHUI B TPYBAX 1
CTEP2KHIX!

[Ipesapurenbhbivmu Hanpsikernsivmu ([TH) HasbiBaloT HanpsixkeHWst, KOTOPbIE CYyIIe-
CTBYIOT B OObEKTE LIPU OTCYTCTBUU HAOJIIOIAEMbIX BHEIIHUX BosjeiicTBuil. ITogo00Hbie
HaIIpsSKeHNs Jallle BCEr0 BO3ZHUKAIOT B PE3YyJIbTaTe Pa3/JnIHOTO POJa IPOU3BOJICTBEH-
HBIX ONepaluii n B mporecce skcrayaranun. QM 13 Hanbosee pacipoCTPaHeHHbBIX
9JIEMEHTOB B COBPEMEHHBIX MHXKEHEPHBIX COOPYKEHUsIX OCTAIOTCsS TPYyObl U CTEPXKHHU.
[Ipm sTom yuer IIH B Takmx sjemeHTax mMeeT BaxKHOE 3HAUCHHE JIJIA OIEHKU WX pe-
AJIbHBIX IIPOYHOCTHBIX XapaKTEePUCTHK.

B pabore ¢ no3unuit MeTojia akKyCTHIeCKOro 30HINPOBAHUST PACCMOTPEHbI JIBE 3a,1a-
4yu 00 onipejiesiennn [TH B 1py0e u creprkHe, HAXOASIIMXCH B PEXKUME YCTAHOBUBIIIUXCS
koJsiebannii. B kauecrse mojenn ITH ucnonszoBana momens Tpeddria-I'yssa. B 3ana-
qe JiJ1st TPYOBh! pajinalbHble KoJieOaH!sT BhI3HIBAIOTCS MTEPUOITIECKON OCECUMMETPUIHOM
HArpy3KOit, MPUIOKEHHOH Ha, BHerHe# rpanuie. Canraercs, 9To 1oJe mpeHapsKe-
HUil 00yCJIOBJIEHO JieficTBUeM BHyTpeHHero napyenus. [locranoBka 3amgaun copMysin-
pOBaHa B BUJIE KAHOHUYECKOH CUCTEeMbI JBYX M depeHIuaJ bHbIX YPaBHEeHN IIePBOIro
MopsiJiKa ¢ epeMeHHbIMu Koddgdunrerntamu. Perienne npsiMmoit 3ajia4uu o0 orpe/jie/ieHun
PYHKIMKU CMEIIEHNs PEaJIM30BaHO YKUCJIEHHO C IIOMOIIBI0 MeToja npucrpesku. Mecie-
JIoBaHue oOpaTHO 3a/1aun 0 pekoHCTpyKiun yposHsa ITH 1mo usectnoit nndopmanun

1PaBora BEIMOIHEHS IpH (PUHEAHCOBOH mommep:kke rpanta llpesumenta Poccuiickoit Pemepammu MK-5440.2016.1 u POPN (mpoext 16-
01-00354).
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0 3HAYEHHUSIX PE30HAHCHBIX YaCTOTAaX CBEJCHO K UMCJICHHOMY PEIIeHUIO CHCTEMBI JIBYX
TPaHCIEHIEHTHRIX ypaBHeruit. [IpoBeeHa cepust BRIMUCINTEIHHBIX AKCIIEPUMEHTOB 110
peIIeHuIo 3TOH 3a/1aum KaK JIJisl OJIHOPOJIHOM, TaK U JIJIsi HEOJIHOPOJIHON TPYObI.

B kauecTBe BTOporo npumepa paccMoTpeHa 3ajga4ua 00 M3THOHBIX KOJeDaHUIX OTHO-
POJIHOI'O CTEPKHS [IPY HAJMUUKI OJHOOCHOTO IIpeHAIIPsKeHusA. Pellenne npsmoii 3a,1a-
91 CBEJICHO K YMCJIEHHOMY PEIeHIO CucTeMbl 4-X aud hepennnaabHbIX ypaBHEHU ep-
Boro nopsijika. ChopmysnmnpoBana oOparHast 3a1a4a 00 onpejesnennn [IH B crepxxue 110
JIAHHBIM O (DYHKIINK CMeIleHNsI, 38/ JaHHOI B KOHEUHOM Habope To4eK i1 (pUKCUpPOBaH-
HOW wacToThl Koaebanwii. [lomyaena dpopmyna s BocCcTaHOBIEHWST 3aKOHA, N3MEHEHH ST
OJIHOOCHOTO TIpeHalpsi>Kennsi. Ha ee ocHOBe 1pejicTaB/ieHbl TPUMEPhl PEKOHCTPYKITUH

[TH.

A.P. Baiiaynnos (Crepaunramak, Poccus)
arturzayn@mail.ru

OB OTHOM OBPATHOM 3AJTAYE JJId YPABHEHUY CTPYHHI !

PaceMoTpuM ypaBHEHHE CTPYHBI
Lu=uy — Uy, =0 (1)

B obsactn @ = {0 < x <, 0 <t < T} u cieayomyo 00parHyio 3a/iady: HajiTu
byukuuio u(z, t) u ¥(x), yrosnersopsatomue yeaosuam: u(z,t) € C*(Q)NCHQU{t =
0ONNC(Q), Lu=0, (z,t) € Q, u(0,t) =u(l,t) =0, 0 <t < T, u(z,0) = ¢(z), 0 <
r < 1, w(r,0) = Y(x), 0 <z < I, ulx,d) = h(z), 0 <z <1, de(0,T], rue
h(z), ¢(x) — 3amaHHBIe TOCTATOYHO TIajKue (DYHKIIHH.

OTmeruM, 9To TanHasg oOpaTHas 3ajada i ypasHenus (1) msydena B pabore |1, c.
141], korpa orHomenue cropor d = d/I NpsIMOYTOJbHUKA PUHUMAET PAlUOHAJbHbBIE
snauenust. Coepys (2, ¢. 112] jokasana ciejyroiiasi

Teopema 1. Ecau wucao d acasemea AN2E0PAUYECKUM YUCALOM CMENEHU N = 2,
o(x), h(z) € CY0,1], ¢9(0) = () = 0, h9(0) = KI(1) =0, 7 = 0,2, mo
cywecmeyem eduncmeennoe peuernue 00pammoti 3a0a4u U 0Ho ONPedesiemcs PAIAMU.:

- hk — Pk COS )\kd

u(x,t) = Z (gok cos At + —— sin )\kt) Xy (),

—1 sin mkd
X M\.(hy. — @ cos \nd !
play= 3 Ml moees ) e oy / () Xp(2)dz,
=1 sin mkd 0

1PaBora Boimonmena npu dbunancopoit mogaepxke POP®U-TTosomxbe (mpoext 14-01-97003).
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l 2 k
hy = / h(z) X (x)de, Xip(z) = \/;sin)\kx, A = WT, k e N.
0
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. A. Bakopa (Boponex, Cumdeporoin)
dmitry.zkr@gmail.com, dmitry_@crimea.edu

OB YCTOMYNBOCTU IIOTEHIIMAJIBHBIX TEUEHUN
NJIEAJIBHOM PEJTAKCUPYIOIIIEN >KMJIKOCTN!

PaccmarpuBaercst 3aj1aua 0 MaJibIX JIBUYKEHUSAX MJICAJIHLHON PeIakCUpyIomei K-
KOCTH, 3aI0JIHAIONIEH orpanndeHnyo obJacts ) C R3 u HaXOJAIIEeNCs 10/ JeiCTBUeM
TPaBUTAIIMOHHOTO Tosist —geés (em. [1]):

% = (2)V (py ' (2)p(t, )+
Z/e_bl (t=5) V(ki(2)p(s, x)) ds + f(t,z) (89,
=19

Op(t, z)

+div(po(2)d(t,z)) =0 (8Q), dt,z) -7=0 (ma o),
i(0,2) = @(z), p(0,2) = p°(x).

ot

Bneco U(t, x), p(t,r) — mose CKOPOCTEil U JUHAMUICCKAS IOTHOCTD KUJKOCTH, po(2)
(z := —gr3) — WIOTHOCTH XKUJKOCTU B COCTOSIHMU PABHOBECHS, (oo(2) — CKOPOCTH
3ByKa B CKUMAEMOM sKuAKocTH, f(E,2) — MAJI0e H0JIe BHELIHUX CUIL, HAJIOKEHHOE HA
IPABUTAI[MOHHOE, 7T — BHEITHUIl, €JIMHUTHBINA, HOPMAJIbHBI K 02 BEKTOD, OCTAJIbHBIE
napaMeTpbl B YPABHEHUSX — ITO MOJOKUTEIbHBIE (DU3UUECKUE KOHCTAHTHI.

JlokazaHna 9KCIOHEHIUAbHAsT YCTORYUBOCTD IIOTEHIUAJBHBIX COCTABJISIIONUX OJIeH
CKOPOCTEil UJIeATHHON PETaKCUPYIOIIEil JKUTKOCTH B CJIydae, KOTJIa TapaMeTphl 3a/1aun
V/IOBJICTBOPSIIOT CJIEJIYOIIEMY YCJIOBUIO:

1—§:M>O VereQ (2= —gr3),

b
=1 t
KOTOPOe XapaKTepusyeT MajocTh BpemeH pejiakcamuu by ' u cTpykTypHbix dyHKImii

fa(2) (1= 1,m).

1YccnenoBanpe BHIMOMHEHO 33 CUeT IPaHTa POCCHICKOTO HAayIHOrO (hOHIA (mpoexT Ne14-21-00066, BEInONHAEMBLT B BOPOHEKCKOM TOCy-
HUBEPCHUTETE).
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MG-DEFORMATIONS OF A SURFACE WITH GIVEN VARIATION
OF THE SECOND INVARIANT OF ANY SYMMETRIC TENSOR
ALONG BOUNDARY

Let S — simple connected surface in three-dimensional Euclidian space, K — Gaussian
curvature, K > ko > 0, kg = const; ¥ = (u,v) € Ds,,p > 2, is the position
vector of the surface S, (u,v) € , Q is a flat simple connected region. The boundary
0S € C}L, 0 < p < 1, and 05 has not umbilical points. We assume %—5%% — %—f%—if # 0
on the surface S (H — mean curvature of \5).

Let ;5 is any symmetric tensor on the surface S. Surface S has first tensor 7,5, then
2H, = Y% ap is invariant of coordinates transformation. The invariant H, called the

aai;" = (0 on the boundary.

Let mark a point () on the boundary 9S. On 9€) corresponding point for () is Q
Draw line p on surface S from point () in main direction. An image of line p in region
) we denote as p.

Then we draw two tangent line at point Q to the line p and to the boundary 02. We
denote an angle from tangent line to 92 up to tangent line to p, counting anticlockwise,
as 6.

second invariant of tensor ¢;; [1, p. 203-206]. Also, we assume

1
A residue of the surface S concerning main directions is a number Vy;p(S) = —Apab,

where Agnf — increament of the angle 6, when we go in direction, that returned the
region () on the left.

We investigate the infinitesimal MG-deformations of the surface S, that give variation
of Gaussian curvature as the function o € Dy ,, p > 2, on a surface and keep a spherical
image of S. This type of deformations was introduced by the author [2].

We claim that some point M, of the surface moves to defined vector C. This
constraint we call the point condition. The main result is:

Theorem. Let S is subjected to the infinitesimal MG-deformation with point con-
dition, the invariant H, has a given variation along the boundary 95, the variation is
equal to ¢ € C’;,O < p < 1. Then:

1) if VMD(S) > —2,

- with ¢ = 0 and ¥ = 0 there exist the unique infinitesimal MG-deformation of the
surface S
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- with o # 0 or ¢ # 0 there exist the unique infinitesimal MG-deformation of the
surface S if and only if functions o and v satisfy (2Vi;p(S)+3) solvability conditions;

2) if Varn(S) < =2,

-with ¢ = 0 and ¢» = 0 there exist (—2V;p(S)—3) linearly independent infinitesimal
MG-deformations of the surface S

- with ¢ # 0 or ¢ # 0 the infinitesimal MG-deformations of the surface S exist and
depend on (—2Vy;p(S5)—3) arbitrary real constants.

REFERENCES
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MOJEJINMPOBAHUNE ITOBEJIEHU A
BPAIITATEJIBHO-CUMMETPINTYHOI NCIIAPIIOIIENCA KATIIJIN!

[Tpu onucanuu noBeJIeHNs KallJIi UCIIOJIb30BAHBI IPOCTPAHCTBEHHO JIBYyMEPHBIE YPaB-
HEHUsI JIJIst BBICOTHI CBODO/IHOW 1OBEPXHOCTU h, CPEJIHUX CKOPOCTU S U TEMIIEPATYPbI (0

1]
hy + div(h*s) = =Vop, V(h—oAh)|,_ =0,

si+ (B —1)hsdivs + (8, + 1)hs - Vs =0,
ot + (B — Dhepdivs + (B, + 1)hs - Vip = 0,

rie V) — ckopocTh ncnapenusi, ¢ — KoM DUIUEHT TTOBEPXHOCTHOTO HATSKEHUST, [3, =
1/3.

st mpocTeiiiero BapuaHTa B MPEJIOJIOXKEHNN BpAIaTeJIbHOW CUMMETPUU U CTAIH-
OHAPHOCTU (PYHKIHI S, ©

s = (sor,0), @ =or, h=h(rt) (so>0),

11oBe/leHue CBO60,ZLHOI7I ITOBEPXHOCTU OIIMCbIBACTCA YPABHEHUEM

v
U + myr = _7)07"2, 77(73 t) = Th/(ry t); T = 250t7 Vo = 20800 > 07
S0
peuenne KOToporo 3alluCbIBaCTCA B BUJAEC VgTI" = —6P(t + Cl‘ O7 02)7 e P  SJLIAIITH-

aeckas Gyuknus Beitpemmrpacca (Weierstrass P), ¢1, ¢co — npu3BosibHbIe KOHCTAHTHI.

1Pabora BhImoIHEHA IpH (PHHAHCOBON MOJMep:KKe Ga30BOH JACTH TEXHHYECKOTO 3a1aHHI 213.01-11/2014-1 MunucrepcTBa 06pa3oBaHusd
u Hayku PO, IODY.
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AHan3 pa3nIHbIX PEIIeHrs KCXOIHOM 3a,1a1H TOKA3aJI, YTO BIChIXaHUE KA PO~
UCXOIUT HanboJsiee MHTEHCUBHO B ODJIACTHU TiepecevdeHusi ¢cBOOOHONW U NOPU30HTAJIHLHOM
nopepxHocrei. onoyHuTe/IbHO JIJist Kallid, COJIepyKallleil NPpUMeCch, ¢ HPUBJIEUYEHUEM
COPOIIMOHHOTO MeXaHMW3Ma MPUJINITAHUS MMPUMECH K TIOBEPXHOCTH yJIaeTcsd OObsACHUTH
BO3HUKHOBEHUE CTPYKTYP KOHIIEHTPAIUK MPUMECH B OOJIACTU BBICHIXAHMUS.

Obnapy»KeHo, 9TO B TPOIECCE BHICHIXAHUST JJIs JOCTATOUHO «IIEPBOHATAIHLHO BHICO-
KOI» KallJli B OKPECTHOCTU Kpas € TEYEHHEM BPEMEHU BO3MOXKHO <«OIPOKHUJ/bIBAHUE»

poduiist ¢BOOOIHOIN TOBEPXHOCTH.
TUTEPATYPA

1. 2Kyxoe M. FO., llupaesa E.B., Hoaaxoea H. M. MonemupoBanne ncnapeHus Kaiu kuakoctu. Pocros-ua-/lomy: 13z,
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OB OJTHOM METOJE PEIIIEHISI CMEIITAHHOII KPAEBOI
3AJIAYN B TEOPU BECKOHEYHO MAJIBIX N3TTBAHUI

B rteopun GecKoHEUHO MaJibiX U3IMOAHUN TOBEPXHOCTEHN 110JI0XKUTE/IbHOW KPUBUBHbI
C KpaeM pacCMOTPEHO MHOXKECTBO YCJIOBUI, KOTOPbIE HAKJIAIBIBAIOTCA Ha Kpail IOBepX-
HocTH Tpu €€ Jedopmanuu. M3ydenne O6CKOHETHO MaJbIX M3THOAHUN TaKUX MOBEPX-
HOCTEl CBOJIUTCSI K PEIHICHUIO Pa3/INnYHBbIX KPAeBbIX 3a/a4, KOTOPbIE B CBOIO OYepe/ib
CBOJISITCSL K CUCTEME MHTerPpaJibHbIX ypaHenuit. [TojiydeHuio oot KapTuHbl BO3HU-
KAIOIUX TTPU 3TOM JiepopMallnii MOBEPXHOCTU CIIOCOOCTBYET PACCMOTPEHNE HEKOTOPBIX
YaCTHBIX CJIyYaeB MOBEPXHOCTEH, HanmpuMep, cpepruiecknx CerMeHTOB, CEIMEHTOR I1a-
paboJionjia BpalleHus u Jip.

s moBepxHOCTE, OJHO3HAYHO MPOEKTUPYIONTUXCS Ha TJIOCKOCTDL, MOJydeHa Clie-
JyIolnasi Kpaesast 3a1a4a.:

wz + qw; + gz = 0, ze€D,
Re {@wt + 8@1{}} =0, t€0D,

B uacrHocTH st mapabosionsia Bpatienns z = x> +y> n Bekroproro nojs £ = k4l
IIPYU PEelIeHUuU COOTBETCTBYIOIIECH KPaeBOil 3a/1a4u UCIOJIb3YEeTC A METO/T, PEJIJIO?KEHHBIN
B cTarbe [1]. [Ipu arom paceMoTpens! cirydan, Kak HyJeBOrO 3HAUCHWsT HHJIEKCA KPAEBOil
3314, TaK U HEHYJIeBOTO. YCTAaHOBJIEHO, UTO MpU HYJEBOM 3HAUYEHWHW WHJIEKCA CPeJin
BEKTOPHBIX TOJIEH [7% cymecrByer: 1) npu n + 1 > 0 KoHEYHOE YUCJIO COOCTBEHHBIX
BEKTOPHBIX [OJIeH Za%; 2) upu n = 0 cubrHOE MHOXKECTBO CODCTBEHHBIX BEKTOPHbIX
[OJICH; 3) npu n + 1 < 0 mycroe MHOXKECTBO COOCTBEHHBIX BEKTOPHBIX I0JIEH.
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SECONDARY TIME-PERIODIC AND STATIONARY SOLUTIONS OF
RAYLEIQH REACTION-DIFFUSION SYSTEM

We consider Rayleigh reaction-diffusion system:

{Ut=V1Av+w

wy = AW — v + pw — w?

where v = v(x,t), w = w(x,t), v € D, t >0, D C R" - bounded domain, p € R -
control parameter, vy, 5 > 0 - diffusion coefficients. We consider Dirichlet, Neumann
and mixed boundary conditions.

The main purpose of the present work is finding solutions of Rayleigh system,
branching from zero as parameter p varies, while diffusion coefficients are fixed and
vy # 1. The case 11 = 15 was studied by authors earlier.

The conditions for monotonous and oscillatory instability were found, critical values
for control parameter i were derived. The transition between types of instabilities due
to different relations between v; and 15 was studied. For finding secondary stationary
and periodic solutions we employ Lyapunov-Schmidt method in the form, developed
by V.I. Yudovich ([1]).

We constructed an abstract scheme, applicable to the system under study with
different boundary conditions. The first terms of asymptotic expansion are found
explicitly and formulas for consecutive terms of the expansion are obtained. It was
shown that soft loss of stability takes place in the system.

For the case of 1D spatial variable we studied the qualitative behaviour of solutions
in the cases of different boundary conditions. The case of 1D spatial variable and equal
diffusion coefficients was considered in (|2]).

System dynamics when g >> p.- and when 15 — 0 was studied numerically. The
experiments were carried out for x € R! and € R?. MATLAB and Maple were
used for simulations. GPU-acceleration via NVIDIA CUDA v 7.5 was used for faster

computations.

REFERENCES
1. Yudovich V. I. Investigation of auto-oscillations of a continuous medium, occurring at loss of stability of a stationary mode
// PMM Vol. 36, No 3, 1972.
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O MATEMATUYECKO MOJIEJIV OJTHOM 3ATAYN MEXAHUKU
CILJIOIIHBIX CPEJ !

B [1,2] paccmoTpeno nHTErpasbHOE ypaBHEHUE

Ax(t,s) + (Kx)(t,s) = Mx(t, s) + (Lx)(t, s) + (Mz)(t,s) = g(t, s), (1)

MOJICJIMPYIONIEE HEKOTOPBIE TPOOJIEMbl MEXAHUKN CILIONIHBIX cpe,zg, F,zLe (t s) c D =
[0, 0] x[—1, 1], oneparop K ompenensiercst pasenctsom (K x)(t, s) fo x (T, s)dT+
f_llm(s,a)x(t,a)da. B ypasuenun (1) [(t,7) — HenpepbiBHOE WK cna6o CUHTYJISID-
HOe s1/1po, a mHTerpajbhbil oneparop (Mxz)(s) = f_llm(s,a)a:(a)da neiicryer B
LP([-1,1])) (1 < p < o0) wm B C([—1,1]). B s10oM cayuae omeparop K mnempe-
poiBed B C(LP) umu, coorBercrento, B C(D) u cupasemiuBbl pasercTBa o(K) =
0o(K) = —a(M), rie a € {es,ew, eb}, a yepes 0(K), 0os(K), 0en(K), 0ep(K) 060-
3HAYEH CIIEKTP, CyllecTBeHHbI ciiekTp B cmbiciie [lexrepa, Bosibda u Bpayiepa orpa-
HUYEHHOTO B KOMILJIEKCHOM OaHAXOBOM MpocTpancTie oneparopa K, o(M) obosuauaer
criekTp omeparopa M |1,2].
Oneparop K B ypasaennu (1) — gacTHblil cirydail oneparopa

(Kz)(t,s) :/0 l(t,s,T)x(T, s)d7+/_1m(s,a)x(t,0)da.

Eciu reneps [(t, s, 7) — HenpepbiBHOE WK CJIaDO CHHIYJISIPHOE SIIPO, & OMepaTop M
seiicrsyer B LP([—1,1]) (1 < p < 00) wmm 8 C([—1,1]), o oneparop K nenpepsisen
B C(LP) mwmm, coorsercrsenno, B C(D), a 0,(K) = —o (M), tie a € {es, ew}.

Ormerum, 410 B ypasHennu (1) MEXaHUKH CIJIONHBIX cpef mapamerp A > 0 u M
— HOJIOXKUTEILHO onpejieientbiii oneparop B L2([—1,1]). Tlosromy ypasnenue (1) npu
TOJIOZKUTENIBHBIX A BMeeT euHcTBenHoe pemenne B C'(L?). AHajornaHo, eIMHCTBEHHO®
pererne B C(L?) mpu A > 0 umeer u ypasrenne © = Kz + g.

JUTEPATVYPA
1. Kaaumeun A. C. Jluneitnbie oneparopsl ¢ yacTHbiMu uHTerpagamu. — Bopouex: ITHKH, 2000 — 252 c.

2. Appell J M., Kalivin A S., Zabrejko P.P. Partial Integral Operators and Integro-Differential Equations. — New York-Basel:
Marcel Dekker, 2000. — 560 p.

1PaBora BHIMONHEHA TpH ToAAepkKe Murobpraykn Poccun (Toczamanme, mpoext Ne 2015/351, HUAP Ne 1815).
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JINMHEVMHOE MHTEIPO-IU®PEPEHIINAJIBHOE YPABHEHUE
BAPBAIIIMHA C YACTHOW ITPOM3BO/IHO BTOPOI'O
ITOPSIKA !

OcHOBBI TeopuM JUHEHHBIX UHTEIPo-IuddpepeHnualbHbIX ypapHeHuii bapbaimna
(MUAVYB) ¢ uacrHbIME MPOU3BOHBIMU MEPBOTO MOPSIJIKA U HEKOTOPbIE UX MPUJIOXKEHH ST
u3s10KeHbl B [1].

B janHOit 3aMeTKe paccMaTpuBaeTCs 3a/1aua,

22(t, s x(tl,s !
oxlt;s) 8(;2, ) _ I ,s)—6 gt’ )+m(t, 8)56(7573)+/C n(t,s,o)z(t,o)do + f(t,s),

x(a7 S) — 90(3)7 :E;(CL, 3) - @/)(3) (1)

[Ipennonaraercst, 1o 3aganubie Gyuknun [, m, f € C(D),n € C(D x[c,d]), ¢, ¥ €
C([e,d)), tme C(D), C(D x [¢,d]) u C([c,d]) — npocTpancTBa HENpepbIBHBIX Ha D =
[a,b] X [c,d], D x [c,d] u [c,d] coorBercrenno dbyukuuii. Unrerpan B (1) nonumaercs
B cMbIcse Jlebera.

Pemennem 3aymaun (1) cumnraercs dyuknusa x € C(D), ynosrersopsiomas UIYDB u
HaYaJbHbIM yCJIOBUSAM, 1y Koropoit z € C(D).

I[Ipu cirenalHHbIX TIPEJIOIOKeHUsIX 3ajada (1) SKBUBaJICHTHA HEKOTOPOMY JIMHEHHO-
My HHTerpajbHOMYy ypasHenuio Bosbreppa y = Vy + ¢ ¢ 4acTHBIMU HHTErpajaMy 1
C HEIIPEPBIBHLIMHU SIPAMU, II0JI pelleHneM KOTOPOro IMOHMMAEeTCsl HelpepbiBHas Ha D
Bmecre ¢ Yy (t, s) DyHKIMsE Y, YI0BJIETBOPSIONIAs 9TOMY YPABHEHUIO, & IKBUBAJEHTHOCTD
sajiaun (1) u ypasuenust y = Vy + ¢ HOHUMAETCsI B TOM CMBICJIE, YTO PEIIEHUS ITUX
ypaBHEHUI CBSA3AHBI PABEHCTBOM

x(t,s) = / y(7,8)dT + ¢(s).

B cuny 2| ypaBrenune y = Vy + g umeer eguncrBerHoe perenne. Torma u 3asada
(1) umeer eMHCTBEHHOE PEIICHUE.

JINTEPATVYPA
1. Appell J. M., Kalitvin A.S., Zabrejko P. P. Partial Integral Operators and Integro-Differential Equations. — New York-
Basel: Marcel Dekker, 2000. — 560 p.

2. Kaaumsun A. C., Kaaumeun B. A. Vluterpanbubie ypaBaenusi Bosbreppa u Bomabreppa-®pearosapma ¢ YaCTHBIMUA HHTE-

rpasiamu. — Jlunenk: JITITY, 2006. — 177 c.

IPaGora BhImOMHEHA TpU TIOIepkKe Munobprayku Poccrn (Tocsananme, mpoekt Ne 2015/351, HUP Ne 1815).
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ACUMIITOTNYECKUE PA3JIOXKEHN Y PEINIEHUN
JINO®OEPEHIINAJIBHBIX YPABHEHUN BBJIN3U TOYKN
ITOBOPOTA, PABHOMEPHBIE 110 ITAPAMETPY, 1
BBIYNCJIEHVNE MATPUIIHI ITEPEXO/IA

B kBaHTOBOI MeXaHUKE W B TEOPUU PACIPOCTPAHEHUsI KOPOTKUX BOJIH B HEOJIHOPO/I-
HBIX CPejlaX BO3HUKAET HEOOXOJIMMOCTh HAXOJUTh aCUMIITOTUYECKUE PA3JIOXKEHUs 11pU
oosbiux A ( mpu A — 400 ) pelieHuil ypaBHEHHsT BTOPOTO TOPSIIKA,

Ay — Nq(x)y =0

B zajavax KBaHTOBOI Teopuu OO0JbINONH mapamerp A (GopMajibHO 00PATHO MPOIOP-
IMoHaJIeH 1oCcTosiHHOM [lanKa, a B Teopur KOPOTKMX BOJIH OH SIBJIsIETCsl Oe3pasmep-
HBIM IIapaMETPOM IIPOIOPIMOHAJILHBIM BOJTHOBOMY YuCIy. B olHOMEpHOM ciiydae HyJin
dbyukuu ¢(x) HazaBaTCs ToukaMu moBopora. Kitaccnueckas BKB-acumnroruka, kax
M3BECTHO, TEPSIET CMBICJ B OKPECTHOCTH TOYKU TOBOpOTa. [J100aabHbIE aCHMITOTHKN
B 00JIACTSIX, COEPIKAIINX TOUKY MOBOPOTA, CTPOSITCS JIUOO U3 JOKAJIHHBIX C IIOMOIIBIO
KaHOHUYIECKOro oreparopa Macjoa, Jub0o ¢ IOMOIIbIO 0oJiee CJIOXKHBIX aCHMTOTHYE-
CKUX DPA3JIOXKEHWi, copepKalux creruaibibie DyHKIE (B OJHOMEPHON 3ajade 5T0
pazsoxkenue OJiBepa), KOTOPbIE CIIPABEJIMBBI U B OKPECTHOCTH TOYKK 1OBOpOTa. Eciiu
dbyukImst ¢(x) 3aBUCHT OT JOMOJHUTEIHLHOTO MAJIOTO MapaMeTpa €, TO B HEKOTOPHIX
caydasx BO3HHUKAET 3a/laua O HAXOXKJICHUH aCUMIITOTHICCKOI'O Pa3/IoXKeHNUs PaBHOMED-
HOro 110 €. B pabore nosydennt ycsioBust Ha GyHKIUIO ¢(T, €), KOTOpbIe 06eCIe rBalOT
paBHOMEPHOCTDH paszyioxKenunit OyBepa B ciiydae KOrja TOYKa IIOBOPOTA HE 3aBUCUT OT
apaMeTpa € U pacCMOTPEHbI IpPUMEHEHHUs 3TOT0 Pe3y/bTraTa K HEKOTOPBLIM 3ajiadaM
Teopun g epeHnnaibHbIX ypaBHeHUil (BbIYUCIEHHE MATPUIHI Mepexojia) 1 KBaH-
TOBOW MexaHWKK ( KBA3MKJIACCHUYECKAs ACUMIITOTHKA CODCTBEHHBIX YMCEJ OlEepPaTopa
[Ipeaunrepa).
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WH.REGULAR T-SOLUTIONS OF DEGENERATE ANISOTROPIC
VARIATIONAL INEQUALITIES WITH L!-DATA

We consider a weighted anisotropic Sobolev space chfl’q(y, ) associa-ted with a
bounded open set 2 of R" (n > 2), the set ¢ of exponents ¢; € (1,n), 1 = 1,...,n,
and the set v of nonnegative functions v; :  — R such that v, > 0 a.e.in
v; € LL .(Q), and (1/v,)Y@=D € LYQ),i = 1,...,n. We study variational inequalities
corresponding to triplets of the form (a, V) f), where: 1) a is the set of Carathéodory
functions a; : @ xR" — R, i = 1,...,n, satisfying the strict monotonicity condition as

well as growth and coercivity conditions with the exponents ¢; and functions v;; 2) V

is a closed convex set in W4(v, Q) such that, for every u,v € V and for every k > 0,
we have u — Tj.(u — v) € V (T}, is the truncation of level k); 3) f € L'(Q).

By definition, if f € LY(Q2), Wllregular T-solution of the variational inequality
corresponding to the triplet (a,V, f) is a function u € W11(Q) such that: (a) v € V,

k>0,ie{l,...,n} = Tp(u—v) € I/Cl)/l’q(u, Q) and a;(z, Vu)D;T).(u — v) € LY(Q);
b)veV,k>21=v—T(v—u) €V and

n
/ { Z a;(xz, Vu)D;Ti(u — v)}d:v < / fTi(u—v)dx.
o U5 Q

We describe conditions on the exponents ¢; and the functions v; under which, for
every f € LY(Q), there exists a unique Whl-regular T-solution of the variational
inequality corresponding to the triplet (a, V, f). The corresponding theorem was proved
in [1] with the use of some results obtained in [2].

REFERENCES
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CUMMETPUA 1 BOSMYIIEHNE OBJIACTU B 3A/TAYE O
PA3BETBJIAIOININXCS PEINIEHNAX HEJIMHEMHOT'O
YPABHEHUA 'EJIBMI'OJIBITA

MeroiaMu TPYIIIOBOrO aHAJIM3A JIJIS OCTPOCHUs ¥ UCCJICOBAHUS YDABHEHUS Pas3-
serBienus (YP) B [1] onpesesnena acuMnToTiKa pa3BeTBISIONMXCsT PEIIeHUH HeJInHel-
HbIX 38/1a1 Ha COOCTBEHHbBIE 3HAUCHUS

Aut A2 sinhu | _ 0 (1)
sin u ’ (2)
ou
(a) : A(a) U |aQ =0 wnmm (b) : A(b) : a—n |(9Q =0

B KBaJIpare, MpsAMOYTOJLHUKE, KPyTe U ¢ YCJIOBUAME HepuoguunocT. B paborax B.B.
Jlorunosa JjiokazaHo, 4To oOmwuit Buj YP omnpenensgercsa rpymioii ero CiMMeTPUd, OT
3aJIa4M K 3a/[aue MEHSIIOTCS TOJIbKO 3HAUYEHUsI ero KO MUIIMEHTOB.

Ecin ypasuenus: paccMarpuBaloTcst B 06acTi 60JIbIKMX PA3MEPOB, OHK JOITYCKAIOT
rpynny asmkennit R?. Ecin »ke 061acTh orpaHIueHa, TO ee BUJL BieYeT CHMMETPUIO
3a/1a4d OTHOCUTEJILHO JIOIYCKAEMOii €10 TPYIIbl Ipeodpa3soBaHuil.

Hust obnacrn Q = {(z,y) |0 <224y’ < 7“8} 3aJia49u Ha cobcrBentbie 3Hadenns (1)
n (2) (a),(b) nomyckaor opHomapamerpudeckyto rpymmy O(2) BpalieHni-oTpaKeHnii
¥ TIOPSIIOK JIByMepHoro ¥ P MoxKHOo nmonusuth Ha egunuily. [locTpoeno ypasHeHus: pas-
perBaenns juist 3aga4d (1), (2) (a), (b) w ogHOmapamerpuveckue cemeiicTBa pereHuii
[IPEJCTABICHBl B BUJIE CXOUSIIAXC PSUIOB 110 MAJIOMy mapamerpy /2.

B nmamnoit pabore paccmarpuBatores 3agadu (1),(2) B KOTOpBIX JnHEHOE TPeodpa-
sopanme ( = ~x, 1 = y nepesogut Kpyr () B smunc. Merogamu [2| pemrena sanaua o
BO3MYIICHUM COOCTBEHHBIX 3HAUCHMIA.

AHaJIOrMYHO MOXKHO PACCMOTPETb 3aJla4u O BO3MYIICHUM KPyla M KBajpara JJis
ypasuenus Au + \2(u + asu? + ...) = 0.
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ON THE AXIALLY SYMMETRIC PROBLEM OF OSCILLATIONS OF
CAPILLARY FLUID WITH THE DISCONNECTED FREE SURFACE!

We study a behavior of an ideal fluid (density p = const) in an axially symmetric
vessel, which is under the acting of a weak gravitational force with acceleration § =
const and mass force f(t, x). Let at rest the fluid occupies a region 2 = QU limited
by a part S of the wall and free surface I' = I'g U I'y, where I'y is inside g, I'1 is a
drop surface hanging from hole in the bottom; 0I'y, OI'; are the contact boundaries of
I'; with the vessel; S, I';, OI'; are Lipschitz’s. Then the problem on small motions of
the fluid over the state of rest has the form

2w

pﬁ—l—Vp:pf, divii =0 (in Q), @-flg=0, (1)
9% = =07 = (ko cos & — ks)/sin d 2
E + XOCO‘aro — 07 CO =w - n‘rou X0 = ( 0 COS0p — S)/Sln 05 ( )
plry =—0A0Go + (—o () + (K9)?)gp cos(io, &) — (K%)*)Co, (3)
Glr, =0, G i= 10 - /co dry + /@a dr, =0, (1)

FO Fl
plry=—0A1C + (—o((k))? + (k3)?)gp cos(fir, &) — (k5)%)C1, (5)
w(0,2) = (), 88—1:(0,3:) =w'(x), x € (6)

Here: 11 is an external normal to I';; 7/ is a normal to 0T’y in the plane tangent to I'g; dg
is a wetting angle at OLg; (k7), (k3) are the main curvatures of the surfaces I';; ko and
ks are the curvatures of the section of the surfaces I'y and S with a plane perpendicular
to OI'y; o = const is a surface tension at I'g; ¢ = {Co; (1}7; (o, 1 are the deviations of
the fluid surface along 7; to I';; A; are Laplace-Beltrami operators at I';.

Using an operator approach (see [1]) the problem (1)—(6) is reduced to the Cauchy
problem for an operator differential equation

AC"+ B¢ = Af, = (fo fi)7, €(0) =", {(0) =, (7)

in space H = Lo(I") © 1p, 1p = {1p,; 1, }.
Theorem 1. Let 0 < A€ &y, B= B> 0, (" € D(A?B), ¢! € D(B'?),
f € CY[0,T); D(AY?)). Then the problem (7) has an unique strong solution at an

IThis research was done at the expense of grant funds Russian Science Foundation (Project 14-21-00066, performed in Voronezh State
University)
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interval [0, T, ie all the terms in the equation (7) are continuous in t with values in
D(A1/?),

Using this result it is shown that on some conditions the problem (1)-(6) has an
unique strong solution at an interval [0, T, ie all the functions in the motion equations
are continuous in ¢ with values in Ly(€), and all the functions in boundary conditions
on I" are continuous in ¢ with values in (H?(Ty) x H3/2(F1)) NH.

REFERENCES

1. Kopacheusky N. D., Krein S. G., Ngo Zuy Kan. Operatornye metody v lineynoy gidrodinamike: Evolyutsionnye i spektral'nye

zadachi. M.: Nauka, 1989. 416 p.
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METAYCTOMYNBHIE CTPYKTYPHI B ITAPABOJIMYECKOM
SAJAYE HA OKPY2KHOCTU C ITPEOBPA3SOBAHUNEM
IIOBOPOTA IIPOCTPAHCTBEHHOII IIEPEMEHHOI

PaccmarpuBaercst ckajisipHoe TapaboIMIecKoe ypaBHeHre Ha OKpyKHocTH R /277 ¢
11peodbpa30BaHieM TOBOPOTA IIPOCTPAHCTBEHHON IEPEMEHHON Ha yroJl 7r:

ou +u = uOpzu + LTu + (Tu)g,
u(z+2m,t) =u(z,t),u(z,0) =up(z), 0<z<2m, t>0,

(1)

Tu = w(zx +7), p > 0, L - napamerpbl. Ypasuenue (1) mMojeaupyer JTUHAMUKY
¢az0BOIT MOJLYJISIIIMKM CBETOBOW BOJIHBI, IIPOLIEJIIIENH TOHKUI CJIOW HEJIMHEHHON cpejibl
KeppOBCKOTO THTA ¢ MTpeobpa3oBaHUeM IOBOPOTa Ha YIrOJ T B JIBYMEPHOH oOpaTHOI
csizu |1|. BudypkammoHHbiM mapaMeTpoM sIBJISIETCsT [, UuCIeHHbIe PACcIéThl TTOKa-
zaji, uro B ypasuenuu (1) npu g nopsiaka 1073, uMeloTCss MeIEHHO MeHsIoecst
(MeTaycTOUMBEIE) pEIeHUS.

[t vccneioBanus JUHAMUAKYA METAayCTONIUBBIX CTPYKTYDP ypaBHenus (1) merogom
layiépkrna cTPOATCS CUCTEMbl OOBIKHOBEHHBIX JIM(pdepeHInaJbHbIX YPaBHEHUI pas-
JIMYHBIX pasmepHocTeil. B 9rux cucremax 1pu MaJibix 3HAUEHUsIX IapaMerpa [i pea-
JINBYIOTCS CeJIJIO-Y3JI0OBbIe OMypPKAIUU, KOTOPHIM OTBEYAIOT TPUOIUKEHHBIE PEIeHUsT
ypasuenus (1). Permenus ypauenus (1), 11 KOTOPBIX B KAYECTBE HAYAJIBHBIX (DyHK-
Uil TPUHSTHI yKa3aHHbIE TPUOJIMKEHHBIE PENeHust, BeJyT cebsi KaK MEJJIEHHO MEeHsi-
IOITUeCs PelIeHus TUTIa BHYTPEHHErO MEePEXOIHOTO CJIO.

B pabore [2| paccMaTpuBaioTCst pa3indHble BADHAHTHI SBOJIIONUN METAYCTOWTHBBIX
CTPYKTYP.

AUTEPATYPA
1. Azmanos C. A., Boponuyos M. A., Heanos B. FO. Tenepanus CTPyKTYp B ONTUYECKUX CUCTEMAX C ABYMEPHOH 06paTHOMN

CBSI3bIO: HA IYTHU K CO3JAHUI0 HEJIMHEHHO-OIITUIECKUX aHAJIOTOB HEHPOHHBIX ceTeli. B: HoBble nmpuHITUIIEL oniTHaecKoil 00paboTKu
nadopmamuu. M: @uzmaraut. 1990.
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2. Kopnyma A.A. MeraycroiiuuBble CTPYKTYPbl B MapabOIMYecKOM yPABHEHUM HA OKPYKHOCTH C IIOBOPOTOM IIPOCTPAH-

cTBeHHO Trepementoit. Tunavmaeckue cucremsr. 2014. T. 4, Ne 1-2. C. 59-75.
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KPAEBA{4A 3AZTAYA C HOPMAJIBHBIMUA ITPON3BOJHBIMU /1JI4
SQJIJIMIITUYECKOI'O YPABHEHU Y HA IIJIOCKOCTH !

Obo061mennas 3aga4ua Heiitmana st S/ IMITHYECKOrO YpaBHEHKS YeTHOTO opsiKa 21
olpeJiesiseTcs 3a/laHieM Ha I'DaHMIle OJIHOCBA3HOI obyiactu [, orpaHMYeHHOR J10CTa-
TOYHO IJIaKUM KOHTYpoM I, moc/eioBaTe bHbIX HOPpMaJbHBIX TPou3BoaHbIX (0/0n)!,
j =1,...,1. Jng nmonurapMOHNYeCKOro ypaBHEHHs 3Ta 3ajada ObLia m3ydena A.B.
Bunasze [1]|. pyroii BapuanT 3aaun HefiMana, ocHOBaHHBI HA BAPUAIIMOHHOM TPUH-
nune, oot panee npejioker A.A . Jlesunnim|2]. B pabore|3| juist ssmunruueckoro ypas-
HEHUS C TIOCTOSTHHBIMU (M TOJIBKO CTApIIMMK) BEleCTBeHHbIMU KOdhduinenramu Oblia
paccMoTpeHa OoJiee obIas 3a4a4a S, 3aK/II0UA0NAsCTd B 3aJaHUNA HOPMAJIbHBIX MPO-
u3BoAHbIX (k; — 1)—ro mopsika, 7 = 1,....L,tne 1 < k; < ... < k. llpn k; = j
oHa nepexoJuT B 3ajady dupuxie, a npu kj = j + 1 — B oTMeuenHyIo BbIlle 3334y
Heiitmana. [ToaTromy ee ecrecrBenno HazBaTb 00001eHHO# 3a1a4eit upuxie - Heifimana.

B nokjajie aTa 3ajiaua paccMaTpuBaeTcs i 0oJiee 00Iero SJIAITUIECKOrO YpaB-
HeHUst, KO3(MMUIMEHTHI KOTOPOTO MOCTOSTHHBI TOJIBLKO MPY CTAPIIUX TIeHaX.

C zajaqeit S CBSA3BIBAETCS HEKOTOpasi HENMPEpPbIBHASI HA, €JUHUYIHON OKPY’KHOCTH
|n| = 1 marpuna- gyuknusa G(n) nopsjka [, 3aBucsmas TOJIBKO OT KOPHEH Xapak-
TEPUCTUIECKOrO ypaBHEHUsl U Habopa uucen ki,...,k;. B Tepmunax sroii pyHKINUK
nokazano, 1o yciosue det G(n) #£ 0, |n| = 1, nHeobxoaumo u jocrarodno st (hpeji-
roJIbMOBOCTH 9TON 3ajiaun, ¥ npusejeHa dopmysia ee unjekca ind S. B gacrHocTw,
BBIIIOJIHEHNE 9TOr0 YCJOBUsI JIJIsi XOTs ObI OJIHOI 0DJIACTU BJIEUET €ro CIpaBeIJIMBOCTD
JUIsT JIFOOO# JIpyToit 0bJiacT.

JIUNTEPATVYPA
1. Buuyadse A.B. quddepenn. ypasuenus, 1988, . 24, Ne5, c. 825-831.
2. Jesun A.A. JAH, 1654, r. 96, Ne5, c. 901-903.

3. Manazosa H.A., Coadamos A.Il., Juddepenn. ypasuenus, 2008, T.44, No. 8, C. 1077-1083.

1PaBora BrmosHeHa IpH mOAAepKKe MesKIyHAPOIHOTO IPOEKTa (3492.'®4) Murucrepcrsa o6pa3oBanus u Hayku PecnyGnnkm Kazax-
CTaH.
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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(x)y = —w’y. (1)

It is well known (see, e.g., [2]) that there exists a Volterra integral operator T' 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 sinwzx with ¢; and o being arbitrary constants.

The transmutation kernel K is a solution of a certain Goursat problem for the
hyperbolic equation

(25— 4(0) ) K(2.) = KKCo.0)

In the talk several new results concerning the properties and construction of the
kernel K are presented. In particular, an exact representation for K in the form of a
Fourier-Legendre series with explicit formulas for the coefficients is obtained.

As a corollary of this result, a new representation of solutions to equation (1) is
obtained. For every x the solution is represented as a Neumann series of Bessel functions
depending on the spectral parameter w. Due to the fact that the representation is
obtained using the corresponding transmutation operator, a partial sum of the series
approximates the solution uniformly with respect to w which makes it especially convenient
for the approximate solution of spectral problems. The numerical method based on the
proposed approach allows one to compute large sets of eigendata with a nondeteriorating
accuracy. The talk is based on [1].

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.

REFERENCES
1. Kravchenko V. V., Navarro L. J., 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.
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AIIPUOPHBIE L,-OOHEHKWN JJIA SJIJIMIITHNYECKHUX
OITEPATOPOB C HEIVIAZIKUMU JINMHUAMU PA3PBIBA
KOO PUIIMEHTOB B OBJIACTAX
C HETVIAIIKUMU I'PAHUTLTAMMUA

PaccMaTpuBaloTcs orpaHUYeHHbIe U HeorpaHmueHHble obacta ) C R? ¢ koMmakT-
HBIMW 1 HeKoMTakTHeIMK Kycouno-C'! rpannmamn Of), MMeromine KoHeYTHOe YHCII0 KO-
HETHBIX YIJIOBBIX OCOOBIX TOUEK, HO He Oojee OAHON OECKOHEUHON TPHW HAJWINN KO-
HETHOTO YHUCJIa yIacTKOB Of), yXOJSMIUX HA OO € TPeJeJbHBIMU KacaTeabHbiMu. s
SJLTUIITHIECKOrO ypaBHerust B jquBeprentroii popme div(aVu) = divf ¢ paspbiBHBI-
MU KyCOYHO-TIOCTOSTHHBIME KO dutmernTaMu a B obstactn {2 craBuTcst Kpaepast 3a,/1a49a
Heitmana ¢ ycioBusimu compsizkenusi. [Ipu arom npemnoiaraercs, 9To Ko3hOUIIEeHTH
@ ¥MEIOT KOHEUYHOE UHCJI0 KYCOUHO-TJIQJIKUX KOMIAKTHBIX UM HEKOMITAKTHBIX JIMHUAN
pa3pbiBa, COCTOANMX n3 Kyckos [, 3aMkHyTHIX C'l-Ty1a KX KPUBBIX, Ha KOTOPHIX BbI-
HOJIHSFOTCS  YCJIOBMST HEIPEPbIBHOCTH PEIIEHUsI U €r0 HPOU3BOJHOM 110 KOHOPpMAJIKM K
coorercrBytomieil 'y, KoneunbIMu 0cOOBIMU TOUKAMU JIMHUI pas3pbiBa KO3 UIHEH-
TOB CYMTAIOTCSI TOYKHM M3JI0Ma M TOUKH Mepecevdenust KoHeaHoro (Tpéx u boJiee) ducia
Cl-riaJIKMX KPUBBIX, a yXOJAIHe Ha 0O YYACTKH JMHUIT pasphiBa Ko3(DhUIMEHTOB ¢
IpeIebHBIMI KacaTeTbHBIMU OTHOCSTCS K OECKOHEUTHON 0co00it ToUKe. Y TJIOBbIE TOU-
Ku Of) MOI'yT COBIaJaTh C TOYKAME Pa3pbiBa @, 9TO JiJisi OECKOHETHON yTJIOBON TOU-
ki 0f) o3HavaeT HajJauunMe XOTsi Obl onHON '), yxomsmei Ha o0 ¢ HpejeabHOR Kaca-
resibHOl. Kpaesasi 3aia4a ¢ ojHOpoAHbIMI yejoBusiMu Helimana Ha OS2 u ycjioBusiMu
conpsikenns Ha [’ paccmarpuBaercs B C1a0OH TTOCTAHOBKE B CMBICIE MHTEIPAJBHHO-
IO TOXKJIECTBA, CTAHAAPTHOTO JIs CIabbix pertennit kaacca Vu € Ly(€)) ¢ 3amannoii
BekTOp-pynkimei f € L,(£2), 94T0 9KBUBAJIECHTHO CHJIBHOM IIOCTAHOBKE JIjIsl HEKOTOPOI
CHCTEMBI TIEPBOTO TOPSIKa, dJaunTudeckoit mo yrnucy-Hupenbepry. CoorBeTcTByI0O-
TIFIe AIPUOPHBIE OIEHKU ObLIN yeTaHoBseHbl B [1,2| yuimb s ciayvas ycnosuit Jupu-
XJIe U C MOJEJbHBIMIA 0COOBIMK TOYKAMK, BOJIM3M KOTOPHIX JIMHUU Pas3pbiBa U yIaCTKH
I'PAHUIIbl OB OTPE3KAMK HPAMbIX.

JUTEPATYPA
1. Aydxuna A. A. K L,-Teopun 3/UIMITUYECKUX OIEPATOPOB ¢ pa3pbiBHbIME Kodbduuumentavu // JTAH. 2010. T. 430, Ne 3.
C. 304-307.

2. Jydxuna A. A. K L,-reopuu /MIITuYecKux Kpaesblx 3ajad ¢ pa3pbiBEbiME Kodddunuenramu. Kang. quce. M.: PY/IH,

2010.
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marina.lapsh@ya.ru

OBPAIIIEHE HEKOTOPBIX BECOBBIX MHTEI'PAJIBHBIX
OIIEPAITUN

[Tycrs N u n — ¢ukcupoBanubie HaTypasbhbie uncia, 1 <n < N, z = (2/,2") €
R =R x Ry_,.

[L’/:(Z'l, s 71’.71) € R::{xz>07 Z:L_n}v x//:(xn-i-lv <. 7$N) € RN—n7

Y=(V1, -+ Vn) — MYJIBTHAHAEKC, COCTOSIIII U3 PUKCUPOBAHHBIX MOJIOYKUTETbHBIX Y-

cen, ()7 =TTy 2, (w, =20, wi&s.

,Z[el‘/’ICTBHe 0606meHH0F0 CIBUTA, ONIPEICSIeTCsT PABEHCTBOM
(TYf)(x) f ff (\/az’2+y’2 22’y cos o, x —y’) sin?~la'dd/,

rae \/z'? +y'% — 2x Yy’ COS (v — M-MEpPHbIil BEKTOP ¢ KOOD/[MHATAMU
. — L
\/x§+y? —2zy;cosey, j=1nuC(y) = le(é()%(g)
1=
[onsarue dynknmu "BecoBas miockas Boana" Beejeno B [1] B Buge: Pl f((x, &),

e P7 — MHOFOMeprIfI OTIepaTOp IIyaccona,
Pl x") f f f(zicosay, ..., x,cosay,, ")sin? o/ do'.

Teopema 1. ]chmb nocumenv gynwkyuu f npunadiestcum oepanuennots obiacmu

Q% u ydosaemeopaem ycaosuro Teavdepa, mozda ecau wucao N + |y| > 2 — neuwemmnoe
uk=13,5, mo

N+|v|+k

Bp,’ f (T~ ”f ) | P " (2')7 dS(x)(¢')ds =

TR ST (N)
— 9N+py|-2n41 N-n-1 HFZ (%H) iN+Iy-1 K f(n);

aewm%umoN—l—M>2f%emuoeuk:—o24 mo

85,0 [@n© [ PU@OI w8l ds) (€ d -

n
Ry S{N)

n
— N noN+|y| 2nZN—|—\’y| H T2 (%) L f(77)
i=1
OcobennocTb 3TUX (POPMYJI COCTOUT B TOM, UTO OHH BEPHBI JJs JPOOHBLIX 7Y;, IPU

YCJIOBUH, UTO YUCJIO || — HATYpaJIbHOE.
TUTEPATYPA
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D. V. Limanskii (Donetsk)
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NEWTON’S POLYGON AND A PRIORI ESTIMATES FOR
DIFFERENTIAL POLYNOMIALS ON THE PLANE

In this communication we describe the linear space L(P) of minimal differential
polynomials subordinated to the tensor product P(D) = p1(D;1) ® pa(D2) of two
ordinary differential operators in the C'(R?) norm. The cases if the cofactors’ symbols
p1(&1) and po(&2) contain real and complex zeros of different multiplicity are considered.
Moreover, for description of the space L(P), we use, along with elements of harmonic
analysis, the technique and method of the Newton polygon.

REFERENCES
1. Limanskii D. V., Malamud M. M. Elliptic and weakly coercive systems of operators in Sobolev spaces. Sbornik: Mathematics.
2008. Vol. 199, No. 11. P. 1649-1686.
2. Limanskii D. V. On estimates for a tensor product of two homogeneous elliptic operators. Ukr. Math. Bulletin. 2011.
Vol. 8. No. 1. P. 101-111.

3. Limanskii D. V. Subordination conditions for a tensor product of two ordinary differential operators. Dopovidi NAN

Ukrainy. 2012. Ne. 4. P. 25-29.
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NMHTEI'PAJIbHBIE YPABHEHNA TUIIA CBEPTKHU C
OYHKINAMU OT ABYX ITEPEMEHHBIX

[Ipobsiema mpuMernMocTr MeTojia haKTOPU3AINK K PEIEHIIO JIBYyMEPHBIX KPAEBhIX
3a/1a4, B KOTOPbIX MCKOMasl aHAJUTHUeCKast (DYHKIUS [PEJICTaBUMa JIByMEPHbIM WH-
TerpasoM tuma Kommm CBOIUTCSA K MOMCKY 9YeThIpex MCKOMbIX (yukmmit. OTKaz or
IPEJICTABIMOCTH JIByMEPHBIM MHTerpajgoM Tuma Ko, mo3BoJIseT BbICJUTD DAL JIBY-
MEpHbIX 3aJ1ad, JOMYCKAIIUX perenne MeTogoM dakropuzannu. O HeOOXOUMOCTH 1
BAXKHOCTU 9TOr0 HalpasJenus ykasbisaer FO. . Yepckuii [2, ¢. 296].

Pabora sBisiercs TPOMOKEHNEM HCCIE0BaHUs JaHHoro Hampasienus [1]-[4]. B
TACTHOCTH, PACCMOTPEHO JIByMEPHOE HHTErPajbHOe yPAaBHEeHNE CIENUaIbHOTO BUIA

1 0}

— dt/ h(x — s,y —t)u(s,t)ds = g(z,y), y € R, > Ay
27 —00 S>>\t

1 ypaBHEHHe sBJIdoIeecs 00001eHneM ypapienusi Bunepa-Xonda.
K 0600111enH0# jByMepHOit 3a1aue Kapiiemana, Jijist 110J10ChI

Az, §)®(x,€) — P(x,8) = Ri(x,§), (2,¢) € R?,
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CBOJINTCS BYMEPHOE MHTErpaJbHOe YpaBHEHHE THUIIA ILJIABHOIO Iepexo/ia. AJTOpUTMEI
peIennst TaKnX 3aJ1a9 ABJISIIOTCS JacThio epBoHavdaabHo npejoxentnoil FO. U. Yep-
ckuM OoJiee MUPOKO ITPOIrPaMMbl UCCIeA0BaHU (DYHKIIMOHAJIBHO- U DepeHInaibHO-
MHTErPaJbHBIX YPABHEHUIH.

JUTEPATVYPA
1. I'nzos @. /1. Ypasuenus tuna ceeprku / D./1. I'axos, FO.M1. Yepckuit. — M.: Hayka, 1978. — 296 c.
2. Yepcexuti FO. M. Merop, conpsizkenusi anammtuaecknx Gynxmmii ¢ npmaoxennavu /| FO.U. Yepckmit, I1.B. Kepekema,
JI.TI. Kepekema. — Omecca: Acrporpunt, 2010. — 552 c.
3. Jlykvanenro B. A. O6obmennas 3amada Kapiaemana / B.A. Jlykpsanenko // Juaamudeckue cucremsl. — 2005. — Ne 19, —
C. 129-144.

4. Jlyxvanenko B. A. VInterpasbHble ypaBHEHUs U KpaeBble 3aaa4n st GyHKIMIA 0T ABYX TepeMeHHBIX / B.A. JIyKbsiHEeHKO

// Ouuamudeckue cucremer. — 2014. — Ne 1-2. — C. 143-152.
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IIOJTHOTA CABUTOB ®YHIAMEHTAJIbBHBIX PEIIIEHN
I[IOJINTAPMOHMNYECKIX YPABHEHUN

CucreMbl ¢JIBUIOB (pyHIaMEHTAJbHBIX PEIICHUI Pa3/IMYHbIX YPaBHEHUI MaTeMaTH-
4ecKoi (pU3MKKM pacCMaTPUBAJIUCh B CBA3U C IIOCTPOCHUEM ITPOEKIIMOHHOTO METO/a Pe-
IIeHUs COOTBETCTBYOIIMX KPAeBbIX 3a/1a4 |1]; Takoil 101x0/1| B Jla/ibHelileM Ha3blBaJICst
— METO/J[ Pa3JIOKEHUsI TI0 HEOPTOTOHAJbHBIM (DYHKIHsIM [2], MeTO/T GA3UCHBIX TIOTEHIIH-
asioB [3] u B 3apyGexkHOit siuTeparype, MeToj| PyHAMEHTATBHBIX PEIIeHuUil.

Besikast Takast cucremMa mopoxXKaeTcst CABUTaMU apr'yMEHTOB OJHOi (DyHKIMN — QyH-
JIAMEHTAJIbHOIO pelleHnsl HeKOTOPOoro aud hepeHInaabHOro onepaTopa nin HeKOTOPOii
ero Moaudukamuu. CxoauMOCTh aJrOPUTMOB METOJa 00eCIIeunBaeTCs IIOJHOTOM pac-
CMATPUBAEMbBIX CUCTEM; MOJIYIeHHe JOCTATOYHBIX YCIOBUI MMOJHOTHI — YCJIOBUA Ha, MHO-
JKECTBO CJIBUIOB, SABJISETCH U3BECTHOW 11pobJjieMoii Teopun pyHKITUI.

JloKka3bIBaeTCs MOJHOTA, CIBUTOB (DYHIAMEHTAJIbHBIX PEIIeHHH MTOJIUrapMOHIIECKIX
yPaBHEHN B COOTBETCTBYIONNX MOJUTaPMOHNYIECKNX MOAITpocTpancTax. Ipusonanres
JIOCTATOYHOE YCJOBHE MOJHOTHI U IIPUMEPhI HAPYIIEHUST 9TOTO YCIOBUSI.

PaccmarpuBaeTcss TpoCTPaHCTBO BENIECTBEHHO-aHAJUTUICCKAX (DYHKIUN CyMMUDY-
eMbIX C KBaJIpaTOM B OIpaHHUYEHHOI 00JIaCTU C IJIaJIKON IpaHuIleil U ero pasJioXKeHue
B NIPSIMYIO CYMMY MOJUTaPMOHUYECKAX MOAIPOCTPAHCTB; HEKOTOPHIE YACTHBIE CJIyUan
TAKOIO PA3JIOKEHUsT PACCMATPUBAIUCH B [4,5].
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Kpacuomap: KyoI'y, 2009.
4. Kapanux B. B. O6 oqHOM TIpecTaBIeHnn aHaMTHIeCKuX GyHKImii rapmoamdaecknmu // Marem. Tp., 10:2, 2007, C. 142-162.
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MOAMPOCTPAHCTB. [IprIoxkenre K pannoHAILHBIM anmpokcnvammsam // Marem. 3amerkn, 66:5, 1999, C. 741-759.

A.H. Mapkosckuii, C. JI. Cmenkos (Kpacuomap)
mark@kubsu.ru, serega.smelkov@yandex.ru

BBIJIEJIEHUE IIOJINTAPMOHMNYECKON COCTABJIAIOIIEN
OYHKIINN

PaccmarpuBaeTcst ajropuTM MOCTPOCHHS MPOEKINY 3aanHoili dbyHkmun u3 Lo(Q)
Ha TIOJIMPAPMOHUIECKOE TOAMPOCTPAHCTBO Gy (Q)). O6Cy K maeTcst IpUMEHEHNE Pe3yJih-
TATOB K PEIIeHNI0 KPAEeBBIX 3a/1a4 MOJUTAPMOHUYIECKOTO YpaBHEHUSI.

1. IIyets Q C R"™ (n > 2) obmactb orpaHudeHHast JOCTATOYHO TIAJKONH KPUBOf

S =0Q n Q" := R"\Q. Oboznaunm E,, (1) — dyHsaMenTaibHoe permenne mojm-
rapMOHHYECKOTO (m-rapMonndeckoro) ypasuenns A™E,, . (z) = 0(z), z € R" [1].
Paccmorpum

em = {f:f(x):Emm(x—y),xEQ,yeQJ“}, m > 1,

— MHOKECTBO TIOPOKIEHHOE BCEBO3MOKHBIMU CABUraMU (DYHIAMEHTAJLHOIO PEIeHMUsI.
Obosnauum G,,((Q)) 3aMbikafme e, B HopMe Lo((Q)). MoXKHO MOKa3aTh, YTO MOJUTAD-
MoHmrueckue noipocrpanctsa G, (Q), (m = 1,2, ...) oproroHajbHbI.

2. Tlyers 2, (k = 1,2,...) — 6asucnasa [2] B QT mocieoBaTebHOCTD, 0603HATIM

Ym k(1) = Em,n(x(k) —x), x€Q, m=1,2 ..

Jlemma 1. Jaa aobozo m > 2 cucmema dynryut Y p(z), k = 1,2, ..., noina u

aunetno nesasucuma 6 nodnpocmparcmee G, (Q).
TCapMonuveckuit cayqaii (m = 1) paccmorpen B [2].

3. Ilycrs 3amana f(x) € Lo(Q) n Tpebyercs ompenesnTh (MpubINKEHHO) ee mpo-
N

exiuio g, (7) na noanpocrpancrso Gy, (Q). O6osnauum g (z) = S cpYmi(z), 1po-
k=1

eKIIMI0 Ha TOIPOCTPAHCTBO, HATAHYTOE HA Ypi(z), k = 1,2,..., N, torna g,(x) =

g¥(x) + pn(x), pNLYms, k= 1,2,..., N, py — 0 npu N — oco. Koacpdpuruenrst cy,
(k=1,2,...,N) onpejiesisiiorcst MUHUMU3aIneil hyHKITHOHAIA

_ N
F(Cla EE) CN) — Hf(x> o gm(x)“ .
JIUNTEPATVYPA
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A.B. Morgulis (Rostov-na-Donu, Russia)
morgulisandrey@gmail.com

ANALYTICAL DYNAMICS AND THE BJERKNES BUOYANCY

The communication is focused on a peculiar phenomenon that arises in the dynamics
of the system consisting of a fluid and a solid submerged into it. It turns out that the
oscillating fluid is capable of exerting an averaged force on the solid. The experimental
observation and theoretical treatments of such phenomena trace back to V.F.K. Bjerknes.
Now the literature on the Bjerknes problem is enormous. It is clear that the nature
of the Bjerknes effect is the same as that of the inverted pendulum. However this
understanding had long not been formalized in the general theory. On the contrary,
some very special shapes of bodies (round cylinders, balls, planes etc) and motions
(flat and even one-dimensional) were considered. In the present communication, we
discuss the geometrical setting of the problem in the context the Lagrange’s analytical
dynamics on a proper submanifold of the group of motions of Euclidian 3D space. Such
setting leads to a simple but general treatment with no special constraints on the shape
of the solid. As a bonus, we find 1-form on the configuration space whose exactness
gives new characterization to the Euclidian ball.

. B. Mopmuesa (Pocros-na-/lony)
morsh@math.sfedu.ru

O BO3SHUKHOBEHIU ABTOKOJIEBAHUIM B TOPU30HTAJILHOM
CJIOE BUHAPHOII CMECHI!

PaccmarpuBaercs 3a1a4a 0 BOSHUKHOBEHNH KOHBEKTHUBHBIX T€UEHUH B TOPU3OHTAJ b
HOM CJIO€ >KUJIKOCTH C IPUMEChIO. ['paHUIIbI CJ10s1 MIPEJIIIo/IaranTcs CBOOOTHBIMU, N30~
TEPMUYECCKUMU, U KOHIICHTPpAIMsA NPUMECH Ha KaxKJI0 M3 HUX CYUTACTCs 3a/aHHOM.
YpaBHEeHUsI JIBUXKEHUSI UMEIOT CTalluOHapHOE (OCHOBHOG) pelieHre, COOTBETCTBYIONIee
MMOKOAIIEHCA CMeCH, B MPEJIOJOXKEeHNN, YTO TPaJUCHTLI TeMIIepaTyphbl U KOHICHTpPa-
MU TIOCTOSIHHBI U BepPTUKaJbHBI. I3BecTHO, UTO, B OTJIMYME OT Clydast YMCTOW CPe/Jibl,
B OMHAPHOM CMecH BO3MOXKHbBI JIBa BUJIA HEYCTONIMBOCTH OCHOBHOI'O PEIIEHUS — MOHO-
TOHHAsI U KoJjiebaTebHasl.

Vzyuarorcs neprogudecKue 10 BPpeMEHU PEXKUMbI, BO3SHHUKAIOIIUE [IPH KoJiedaTe b-
HOM TIOTepe YCTOMYUBOCTU OCHOBHOTO PEXKMMa OTHOCUTEJHHO TMJIOCKUX BO3MYIICHU,
HEPUOJIMIECKUX 110 OJIHOPOJIHON 1EPEMEHHON. Y paBHEHUS BO3MYIIEHUN UMEIOT IPYIIILY
cummverpun O(2), u npuMeHnMa Teopust OudYPKAIMN POXKJICHUS [TUKJIOB B CHCTEMAX
¢ Takoii cummerpueii. B paborax B.M. FOnosuua u M.B. MopmneBoil moka3aHo, 4To

1PafoTa BEIIOJIHEHS B PAMKAX IPOEKTHOM UACTH TOCYLAPCTBEHHOIO 3a03HNs B c(Depe HAYIHOM AeSTeIbHOCTH (3amanmme Ne1.1398.2014/K)
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B cJIydae OO0Iero moJIoyKeHUs TPH Tepexojie TapaMeTpa depe3 KPpUTHIecKoe 3HaueHue
OT PaBHOBECHsI MOTYT OTBETBUTHCS IIMKJIbI, KOTOPHIM OTBEYAIOT aBTOKOJEOAHUS JIBYX
TUIIOB: JiBe Oeryliiue HaBcTpedy JAPyr APYIY BOJIHBI, CBI3aHHbIE MHBEPCUOHHOW CUMMeT-
pueil, u HeJIUHeHAsI CMeCh Iapbl OEryIuX BOJIH.,

s onpenesienns XxapakTepa BeTBJIEHUS U YCTOMINBOCTH BO3HUKAIOIUX aBTOKOJIE-
OaTesIbHBIX PEXKMMOB B pacCMaTpPUBAEMON 3ajlade HaiIeHbl aHAJUTUYECKUE BbIpayKe-
HUst JJis KO3 puimeHToB ypasuenuit pazsersienns. [Tokazano, 4ro u Oeryime BOJIHbI,
U HeJIMHeHHas CMeCh BOJTH MOTYT OBITh YCTOWYMBBLI B 3aBUCUMOCTH OT 3HAUYCHUH Mapa-
MeTpoB. MOXKeT MPOUCXOINTh KaK CBEPXKPUTUYIECKOE, TaK U JIOKPUTUICCKOE BETBJICHNE
aBToKoJiebanuii. /st 000ux THUIIOB aBTOKOJIE0ATEIbHBIX PEYKUMOB HallJIeHbI IIEPBbHIE JIBA
YJIeHa psjia 1Mo CTeNneHsIM MapaMeTpa HaJKPUTUIHOCTH.

®. X. Mykmuuos (Uucrturyr maremaruku ¢ BIT YHIT PAH, ¥Yda, Poccus)
mfkh@rambler.ru

E/IMHCTBEHHOCTDb PEHOPMAJIN30BAHHOI'O PEINTEHN
AHN3O0TPOITHON SJIJIUIITUKO-ITIAPABOJIMYECKOI 3AJJAYN

B mumunapudeckoit obmactn DT = (0,T) x Q,Q C R" paccmarpubaercsi neppast
CMEIIaHHAs 3814498, JJIsl YDABHEHUSI BU/JIA

(B(z,u)); = diva(t, x,u, Vu) + b(t, z,u), a = (ay, ..., a,),

riae f(x,u) — HeyObIBaoIiasi U HelnpepbiBHas 110 U (DYHKIMsI, u3mepumMasi 110 . Ha
bynkimn a;(t, x, r, y) HaKIaIBIBAIOTCS 00bIYHbIE yesoBus (M., nampumep, H.Redwane,
2008) B Tepmunax nap conpsukennbix N-yuknuit B, B — ( 6e3 Ag-yciosust).
11 T
Ompepennm annzorpornuoe npocrpanctso Cobosesa-Opianaa Wig(D"), kak 3aMbl-
n
kanue muoxkecrsa Cg(DT) B npocrpancrse [ Ly, (DT) ornocurensno *-ciaboit Toro-
i=1
JIOTHH.
[Tycrs x(P) obosnawaer jorudeckyto hyHKIUO, paBayto 1, korga P ucrunuo, u 0,
korja P uoxuo. Ilycrs Ty(v) = min(k, max(—k, v)). Byuem ucnosnbzoBars 0603Haxde-

nue [f] = [ f(t,x)dzdt.
DT

Omnpenenenne. Penopmasu3osannvim pewenuem nepsoti cmewannot 3adaqu na-
sweaemces usmepumas Gynxyus u: DT — R makaa, wmo:
1) VTi(u) € Wig(DT) npu scex k> 0;
2) B(z,u) € Li(DT); b(t,z,u) € Li(DT), B(x,u) € L1(Q); dynwyua A(t,x) =
a(t, z,u, Vu) ydosaemeopaem npu ecex k, N > 0 ycrosuam:
3) [x(m <|u] <m+1)|A-Vu|] = 0 npum — oo;
4) Ix(Jul < k)JA(t, x)|x(m < |z] <m+1)] = 0 npu m — oo.
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5) Hpu ecex h € Lipy(R), € € CH(D)) evnoaneno paserncmeo
&fh Jdp(x,r) + Efh(u)] = [A -V (h(u)E)].

TeopeMa. Hyemv uj, j = 1,2 — penopmarusosannvie pewenus. Ecau b ydosae-
meopaem ycaosuto b(t, z,u) —b(t,x,v) < L(B(z,u) — B(x,v)), Yu,v € R, u > v, mo
B(xz,u1) = Bz, uz) nowmu ecrody 6 DT,

A.B. Muravnik (Voronezh, Russia)
amuravnik@yandex.ru

ELLIPTIC DIFFERENTIAL-DIFFERENCE EQUATIONS IF
HALF-PLANE: ASYMPTOTIC BEHAVIOR

The prototype Dirichlet problem

Upy + AUy (T + h,y) + uyy =0, © € (—00,+00), y € (0,400),
u  =up(x), r € (—00,+00),
y=0
where a and h are real parameters and wug is continuous and bounded, is considered
under the assumption that |a| < 1.
The behavior of its classical solution
+0oo
1
u(wg) =+ [ £ - € pun(e)de,
—00

where

0= [0 cos ag — yGul) de,
0

)+ acoshé £1
CRIES
We prove that hT [ (x,y) — v(z,y)] = 0 for any real x, where v(z,y) is the
y——+o0

,and ¢(&) = v/2acos h + a2 + 1, is investigated.

classical bounded solution of the same Dirichlet problem (with the same boundary-
value function ug) for the equation (@ + 1)uz, + uy, = 0.
In particular, using the properties of the last Dirichlet problem established in [1], we
R

deduce that if #,1 € R, then lim wu(w,y) = [ if and only if lim 5= / up(x)dx = 1.

y—r+00 R0 2R
—-R
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O HEKOTOPDBIX SKCTPEMAJIBHBIX 3AJTAYAX, CBA3AHHDBIX
C IIEPEMEIIIEHUEM B ITOJIE CKOPOCTEN

PacemorpuBaioTcs ciiejiyioniue 3a/adu TeOpUn yIpaBJIeHus
0
J(z,u) = /(Oz + Bllu|?) dt — min,
to
t=v(r)+u, |l <1,
x(tg) = xo, x(0) =0.

Buech v: R — R? — Jl0CTATOYHO IVIAJIKOE BEKTOPHOE I0JIe Ha IIJIOCKOCTH, 0Opallaio-
meecst B Hysib B Hadasie Koopaunar v(0) = 0. Yupasnenne u: [tg, 0] — R* — Bektop-
dbyHKIMsI, nMerotas He 6oJiee KOHETHOI'O JHC/Ia TOUEK Pa3phIBa IEePBOTO poja, Helpe-
phiBHag crpasa, npuaen |[u(t)| = /ul(t) + u(t) < 1.

Nsyuatorcest skerpemasu [lonrpsirnia ykazanHbix 3aja4d. [JokazaHo, 4To TOUYKM He-

ONJHO3HAYHOCTH OTCEKalOT OT 3KCTpEMaJId HEOIITHUMAJIbHYIO YaCTb. HpI/IBO,ZLI/ITCH KOH-
CTpyKOuA AJid BbIYMCJICHHA MHO2KECTBA HECOIHO3HAYHOCTH. ZLOKaBaHO, 9TO B peryJisap-
HOM CJIy4dae€ 9KCTpEMaJin, HE NMECIOIINE TOYEK HEOAHO3HAYHOCTHU, OIITUMAJIbHDBI.
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OB YCTONMYUBOCTU NHBAPMAHTHBIX MHOT'OOBPA3UN
OIIEPATOPOB

Paccmorpum B banaxosom npocrpancrse U k pas (k < 3) HenpepbiBHO juddepen-
nupyembiit 1o @petie oneparop Ny : U — U, 3aBucsiiuii OT BEIEeCTBEHHOI'O IIapaMeTpa,
0, cunrast orobparkenne 0 — Nsx HenpepblBHO nuddepeHIupyeMbIM 10 0 J1Jis JIF000ro
rxeU.
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[Tycrs K — ruajkoe kiacca Cp, naBapuanTHoe MHOroobpasue oneparopa Nyt (jis
moboro & € Ry). [Ipu srom kacaresbroe mpoctpanctso 1), MmaOroo6pasue K mepexonnt
ozt Jieiicreuem npoussoanoit Opere Ngx oneparopa Nsr B TOUKe T B KacaTeabHOE
npocrpatncTBo 1T'Nyxr muoroobpazusi K B Touke Nsx.

[Ipesnonoxkum, 4To CyIecTByeT TpaHcBepcasibHoe cioerue Rgr (x € K) x kaca-
tesipaoMy caioernto T, (v € K), (T, & Rsx = U), nHBApHAHTHOE OTHOCHTEJIBHO JIeii-
creust npoussBoanoit Ppemte Ng(z) oneparopa Ns : U — U (rak uro Ni(z)Rsx C
RN(;SU)-

W3BecTHO, 9TO ecyn

HNg <1 (1)

(Zl?) ‘Rgl‘—)RNéx

X

HNg(x) < <1 2)

Ty—Rngx (x)‘R5I—>RN51‘
(T.e., ecaiu CKOPOCTH pazberanusi TpaekTopuil oneparopa Ny Ha UHBADUAHTHOM MHOTO-
obpasuu K MeHbIe, ¥eM CKOPOCTb (zKaTust orneparopa Ny B HAIPABICHUU TPAHCBED-
casibHOTO cioetnsi Rqx (x € K), 10 B caydae KOMIAKTHOCTH WHBAPUAHTHOIO MHOTO-
obpasus K omneparopa Ny 0HO 00J1a/1aeT CBOKCTBOM aCUMITOTUYIECKOM yCToﬁqHBOCTH).

Uccnenyercs ciaydail moTepu yeTORIUBOCTA HHBAPUAHTHOTO MHOr00Opasust K omnepa-
topa Ns depes KpuTudeckoe 3HadeHne § = dy, Korja HepaseHctsa (1) u (2) samenstiorcs

npu 0 = 0y paBeHCTBAMHU.

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

JIBA TUIIA KABUTAIIMOHHBIX 30H B
TUIPOIMHAMMYECKON 3ATAYE VIAPA!

Paccmarpusaercs 3aj1a4a 00 yjiape u 1MOC/Ie/IyIONEM JIBUKEHUU C TTOCTOSHHOM CKOPO-
CTBIO KPYTOBOTO IUJIXHJIPA 0, CBOOOIHON MOBEPXHOCTBHIO HeAJIbHOM, HECXKIMaeMO,
Tsi2KeJIoN KuaKocTu. [lokaspiBaeTcs, 9TO Ha MaJbIX BpeMeHax, Hapsaly ¢ KaBATAIlHOH-
HOI 30HOM, BBI3BAHHON yJIapOM, MOT'YT BOZHUKHYThH JIOMNOJIHUTEJIbHBIC KaBUTAIMOHHbBIEC
30HbI, 00YCJIOBJICHHbIE 3AKOHOM JIBM2KCHUSI IIUJIMHAIPA 110Cje yjapa 1 (PU3HUYECKUMHU 11a-
pamMeTpaMu 3aJiad. B ciydae moJTHOrO NOrpy»KeHus IMUJINHIpa, KaBUTAITMOHHbIE 30HHI,
BBI3BAHHBIE yJIapoM, 00pa3yloTcs NnpakTudecku Bcerja. IlosiBienne IOMOIHUTEIHHBIX
30H OTPbIBA 3aBUCHUT y»Ke OT KOHKPeTHOU usmndeckoin curyauuu. st onpejenenns
JIOTIOJIHUTEJILHBIX KaBUTAIIMOHHBIX 30H Ha MaJbIX BpeMeHax (hopMyJHpyeTcs 3ajada
C OJIHOCTOPOHHMMH OIpaHUYCHUSAME, aHAJOTMYHAs KJACCHUIECKON 3ajade ob yaape ¢
oTpbiBOM. IIpuBejieH ducaeHHbBI IPUMED, TOKA3BIBAIOIINI BO3MOXKHOCTH 00pa30BaHMsI
TPEeX KaBUTALUMOHHBIX 30H BOJIM3U IPAHMIILI [LJIABAIOIIEIO TeJia — OCHOBHOM, BbI3BaAHHOM

1 PaBoTa BHITIOTHEHA B PAMKaX ITPOEKTHOH TaCTH TOCYTapCTBEHHOTO 3a1aHus B ccepe HaywHOH AestenbHocTn (3amamme Nel.1398.2014/k).
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yJIapOM | JIBYX JIOTOJHUTENbHBIX. CleslaH BBIBOJ O TOM, YTO Ha MAaJIbIX BpeMeHaX BO3-
MYIIEHUS JIONOJTHUTEILHBIX CBODOJIHBIX I'PAHUI BEChMa, HE3HAUUTE/IhHbBI U TTPAKTUIECKN
HE BJIMSIIOT Ha KapTUHY TedeHusi KuAKocThu. OJIHAKO OHU OKa3bIBAIOT CYIIECTBEHHOE
BJIMSIHEE Ha PEAKITHIO XKIJIKOCTH Ha TeJ0. AHAJOTMIHBIE 3aja4du Oe3 yaera JIOMOIHI-
TeJILHBIX KABUTAIIMOHHBIX 30H PACCMAaTPUBAJUCH B paborax [1-3|. B Hux ompemessiiacy
¢dopmMa KaBepHbI HA MaJIbIX BPEMEHAX C YYeTOM JIMHAMUKKM TOYEK OTPbIBA BHYTPEHHHEH

¢BODO/IHOM I'PAHUIIBI 2K JIKOCTH.
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C. H Ospunnnunkosa (Pocros Ha [lony)
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PE3SOHAHCHBIE PE2KIIMBI B OKPECTHOCTHU TOYKU
BUNO®YPKAIINN KOPASMEPHOCTMU 2 (PEBOHAHC RES 2) B
3AJTAYE KYSTTA-TENJIOPA

Cucrema ypasuennii HaBbe-Crokca, onucbiBatoias TeUeHUe BsA3KON HEC:KMMaeMOi
JKUJIKOCTH MEXKJIy OECKOHEYHO JIIMHHBIMU COOCHBIMU BPAIIAIOMUMUCS ITUJINHJIPAMHA,
obJ1aJlaeT MUINHIPUICCKOR CUMMETPHell U 3aBUCHT OT HECKOJIBKUX BEIIECTBEHHBIX TTa-
pameTpoB. [Ipu J00BIX 3HAUYEHHUSAX HapaMEeTpPOB y CHUCTEMbI €CTh TOUYHOE pelleHue —
reuenne Kysrra. OHO TepsieT yecTORINBOCTH, KOT/a JIMHeapru30BaHHas Ha Tedernnn Ky-
srra cucrema Hasbe-Crokca vmMeer HeHysieBbie perieHust (HefTpajibHbie MOjibl). Y Jin-
HeAPU30BAHHOM 3a/1a4M CYIIECTBYIOT KPUTUICCKUE 3HAUEHUST MapaMeTpoB (TOUKN Ou-
dbypKanun BbICOKIX KOPA3MEPHOCTEit), KOTOPbIM OTBeYaeT 6oJiee JTBYX HE3ABHCHMbIX
HefTpaJibHbIX MOJI. [Ipu OKOJIOKpUTHYECKUX MapaMeTpax B3auMojieiicTBre HelTpaJib-
HbIX MO/ OIIMCBIBAETCs C HOMOUILIO HEJIMHEHHON cucTeMbl aMIIMTYJIHBIX YpPaBHEHUA
Ha TeHTpaJbHOM MHOTOOOpasuu. Iy HeBpallaTeJbHO CUMMETPUIHBIX PeIleHui Haii-
JIEHO TIeCTh THIOB Touek Gudypkaimn kopasmeproct 2 (pesonanchl Res 0—Res b),
KOTOPBIM OTBEYalOT HEBBIPOXKJ/CHHbIC aMILJIUTYJIHbIE CUCTEMbI, OTJIUYAIOIIUeCd Pyl OT
JIpyra pa3HbIMU JIOTOJIHUTEJbHBIMUA PE3OHAHCHBIMU CJIATACMbBIMU.

[Togsnenne Toyek pezonancos, Kpome Res 0 u Res 1, 3aBucuT oT HampaB/ieHIN Bpa-
meHus nuauHIpoB. Toukn Res 2 Haiijienbl npu BpallleHuu 1UJIMHIPOB B IPOTUBOTIOJIOXK-
Hbl€ CTOPOHBI. B 1X MaJjioii OKPECTHOCTU MOI'YT CYIIECTBOBATH PELIEHUs aMILIUTY/IHbIX
CHUCTEM, HAXOAIINEeCd Ha UHBAPUAHTHLIX MOJIIPOCTPAHCTBAX IPOCTPAHCTBA AMILJIUTY/I,
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KOTOPBIM OTBEYAIOT Pe30HAHCHBIE pesKnMbI cucteMbl HaBbe-CToKca: m-ciupaJsin, 9ucTo
a3uMyTaJIbHbIE U TPU CeMeiiCTBa HeCcTallMOHAPHBIX a3uMyTaJbHBIX M-BoJIH. [IpoBejien
YUCJICHHBIM aHaJIN3 YCJAOBUU CYIIECTBOBAHUA U YCTOUIMBOCTU TAKUX PEIICHUI C ITIOMO-
MHIO0 PACCIUTAHBIX KOIDPUIIMEHTOB COOTBETCTBYIONINX aAMILIUTYIHBIX CHCTEM.

S.S. Orlov (Irkutsk), L. A. Grunwald (Shelekhov)
orlov_sergey@inbox.ru, Ifb o@yahoo.co.uk

ABEL TYPE EQUATION WITH DEGENERATION IN BANACH
SPACES !

Suppose Ey, Es are real Banach spaces, and u = u(t), f = f(t) are the functions of
nonnegative real argument ¢ and with values in E; and Fs respectively. Let us consider
the integral equation

t
1

Bmﬂ—fﬂay/@—sW”Au@Ms=f@Ltzo, (1)

where B and A are closed linear operators from FE; to E5 such that their domains
are dense in Ey, and D(B) C D(A); then I'(«) is gamma function of 0 < av < 1. It
is assumed that the operator B is Fredholm, i. e. R(B) = R(B) and dim N(B) =
dim N(B*) = n < 4o00. Thus, the equation has two distinctive features, which are
irreversible operator in the main part and a weak singularity of the integral term.

A function u € C(t > 0; Fj) that satisfies integral equation (1) is called a classical
solution of this equation. As well known, degenerated integral equations have classical
solutions not for all operator coeflicients, integral kernels and source terms (see, for
example, the monograph [1]). The aim of this research is to obtain the conditions of
unique solvability of considered problem. The following theorem is proved.

Theorem. Suppose that the operator B has a full A-Jordan set [1] and (f(t), ¢§j)> €
Clei— I+t >0), j=1, ..., pi=1,...,n If

SO, o) =0 k=T lalpi—j+ DI+ Lj=Tp,i=Tn
t=

then integral equation (1) has a unique classical solution. Here elements wi(j) c E5
form an A*-Jordan set of operator B*; natural numbers p; are lenghts of corresponding

A*-Jordan chains; and [-] denote floor function.
REFERENCES

1. Sidorov N., Loginov B., Sinitsyn A., Falaleev M. Lyapunov—Schmidt Methods in Nonlinear Analysis and Applications.
Dordrecht: Kluwer Acad. Publ.; 2002.

I The reported study was funded by Russian Foundation for Basic Research according to the research project No. 16-31-00291 m.s_p.
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B. A. Plamenevskii, O. V. Sarafanov (Saint-Petersburg)
o.sarafanov@spbu.ru

A METHOD FOR COMPUTING WAVEGUIDE SCATTERING
MATRICES

A waveguide G lies in R", n > 2, and outside a large ball coincides with the union
of finitely many non-overlapping semi-cylinders ("cylindrical ends"). The waveguide
is described by the operator {L(x,D,) — u, B(x, D,)} of an elliptic boundary value
problem in G, where L is a matrix differential operator, B is a boundary operator,
and p is a spectral parameter. The operator {L, B} is self-adjoint with respect to a
Green formula. The role of L can be played, e.g., by the Helmholtz operator, by the
operators in elasticity theory and hydrodynamics. As approximation for a row of the
scattering matrix S(u), we take the minimizer of a quadratic functional Jg(-, u). To
construct the functional, we solve an auxiliary boundary value problem in the bounded
domain obtained by truncating the cylindrical ends of the waveguide at distance R.
As R — oo, the minimizer a(R, 1) tends with exponential rate to the corresponding
row of the scattering matrix uniformly on every finite closed interval of the continuous
spectrum not containing the thresholds. Such an interval may contain eigenvalues of the
waveguide with eigenfunctions exponentially decaying at infinity ("trapped modes").
Eigenvalues of this sort, as a rule, occur in waveguides of complicated geometry.
Therefore, in applications, the possibility to avoid worrying about (probably not de-
tected) trapped modes turns out to be an important advantage of the method.

REFERENCES
1. Plamenevskii B. A., Sarafanov O. V. On a method for computing waveguide scattering matrices // Algebra i Analiz. 2011,
V. 23, Ne 1. P. 200-231 (Russian); English translation: St. Petersburg Math. J. 2012 23, V. 23, Ne 1. P. 139-160.
2. Plamenevskii B. A., Sarafanov O.V. On a method for computing waveguide scattering matrices in the presence of point
spectrum // Functional Analysis and Its Applications. 2014, V. 48, Ne 1, P. 61-72 (Russian); English translation: Functional
Analysis and Its Applications. 2014, V. 48, Ne 1, P. 49-58.

3. Plamenevskii B. A., Poretckii A.S., Sarafanov O. V. Method for computing waveguide scattering matrices in vicinity of
tresholds, Algebra i Analiz. 2014. V. 26, Ne 1, P. 128-164 (Russian); English translation: St.Petersburg Math. J. 2015. V. 26,
Ne 1, P. 91-116.

C.II. IlnpimeBckas (Cumdepornoss)
splyshevskaya@mail.ru

METAYCTONYUBELIE CTPYKTYPhI CKAJTAPHOTI'O
ITAPABOJINMYECKOI'O YPABHEHUI

Ha orpeske 0 < x < 7 paccmarpuBaercs mapaboJimieckoe ypaBHeHue:

U = (PUgy +u—u, t>0, 1)
uz(0,t) =0, uy(m,t)=0,
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TJIe [4 - TIOJIOYKUTEJbHBIN TapaMeTp.

MeJIeHHO MEHSIOIMecst pelenns Ha3bIBAIOTCS METAyCTONYUBLIMUA CTPYKTYPaMHU.

DynraMenTaabHbIe Pe3yIbTaThl 110 NCCJASJIOBAHUIO METayCTONIUBBIX CTPYKTYD YPaB-
Herust (1) mpu MaJIbIX 3HAUEHUSIX TTapaMeTpa f MoJydeHbl B paborax (1, 2|. s uccie-
JIOBAHK 331491 O CIICHAPUIX BOZHUKHOBEHM U JIMHAMUKY IIPUA YMEHLIICHAN IIapaMeT-
pa [i MeTayCTORIMBBIX CTPYKTYD ypaBHenus (1) Hamu ucnosb3oBaics metos [anépkuna
3]

B rajépkunckux anmpokcumanusx ypasuenus (1) pasmeprocreii ot 30 g0 40 peasu-
3yeTcs MNPOKUIl CIIeKTD CeJIo-y3J0Bbix ondypkaiuit. HenmpepbIBHLIM BETBSIM CTaIlU-
OHAPHBIX TOYEK CUCTEM OOLIKHOBEHHBLIX Jn(PepeHInalbHbIX YPABHCHMI, POXKICHHBIX
B pe3yJbTaTe CeJJI0-Y3JI0BbIX 0u(ypKaluii, 0TBedar0T HeNpepbIBHLIC BETBU NPUOJIU-
JKEHHBIX cTannoHapHbix perennii (1). B pabore [3| mokaszano, 4ro stu npubImKEHHbIE
PEIICHUS TIPU MaJIbIX 3HAYCHUSX TTaPAMETPa (1, B3AThIC B KAYeCTBE HAYAJIBHBIX (DYHK-
[IU#, IPUBOJST K METAYCTONIUBBLIM CTPYKTYPaM.

YeTaHOBJIEHO, UTO JIJIsI PEIeHMs] UCXOAHON 3a/iaui IpU 3HAYCHUSAX IapaMeTpa fi &
0.01 npumenenue merona ['anépkuna NpUBOAUT K KAYECTBEHHO U KOJUYECTBEHHO IIPa-

BUJIbHBIM DPE3YJIbTaTaM.

JUTEPATVYPA
1. Carr J., Pego R.L. Metastable Patterns in Solution of u; = p?uzs — f(u) // Communications on Pure and Applied
Mathematics. 1989. Vol. XLII. P. 523-576.
2. Fusco G., Hale J. K. Slow-Motion Manifolds, Dormant Instability, and Singulary Perturbations // Journal of Dynamics
and Differential Equations. 1989. Vol. I, Ne 1. P. 75-94.

3. Beaan E. II., Ilavuuesckan C. II. Meraycroifiausbie CTPYKTYPBI CKaIapHOro ypasaenus ['mna3bypra-Jlannay // Junamuae-

ckme cucremsr. 2014. T. 4(32), Ne 1-2. C. 27-42.

K. B. Sabitov (Sterlitamak, Russia)
sabitov_ fmf@mail.ru

THE INVERSE PROBLEMS OF FINDING THE FACTOR ON THE
RIGHT SIDE OF THE EQUATION PARABOLIC-HYPERBOLIC
TYPE, WHICH DEPENDS ON THE SPATIAL VARIABLE!

Consider the equation of the mixed parabolic-hyperbolic type

fl(x)gl(t)7 t>0,

Lu(x,t) = F(x,t) = h(@)glt), <0,

here
Up — Uy + DPu, t >0,

Lu(x,t) =
( ) Ut — Ugpy + bZU, t < O,

1The work was supported by RFBR project-Volga (project 14-01-97003).
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in the rectangular domain D = {(z,t)|0 < z <[, —a < t < B}, where a > 0, 8 > 0,
[ > 0,b > 0 are given real numbers; g;(f) and g¢2(t) are given at least continuous
functions.

In the case when fi(x) = fo(x) = f(x) is put

Problem 1. In the domain D find the functions u(z,t) and f(x) satisfying the
following conditions:

u(z,t) € C(D)NCYD)NC*D_)NC*D,); (2)
fz) € C(0,1) N Ly(0,1); (3)

Lu(zx,t) = F(x,t), (x,t) € D_U Dy; (4)
uw(0,t) =u(l,t) =0, —a<t<p,; (5)

u(z, —a) = p(x), w(r,—a)=1vx), 0 <z <l (6)

where @(x) and () are given sufficiently smooth functions, D_ = D N {t < 0},
Dy =Dn{t>0}.

At different fi(x) and fo(x) is assumed

Problem 2. In the domain D find the functions u(x,t), fi(x), fo(x), satisfying the
conditions (2), (4) — (6) and besides

filx) € C(0,1) N L[0,1], i=1,2;
u(z,B) =g(x), 0 <a <,

which also p(x), ¥(x) and g(x) are known functions.

Note that the problem 1 and 2 of us [1-3]| have been studied under g1 (t) = go(t) # 1.
The presence of these features creates additional difficulties and making a significant
contribution in justifying the correctness of tasks.

The report will be presented the results of the problem 1. Here a criterion for
uniqueness of the solution. The unknown function u(x,t) and f(z) are found as the
sum of orthogonal series. In justifying the uniform convergence of the series there is a
problem of small denominators.

Note that these problems arise in the study of the propagation of electrical oscillations
in complex composite lines.

REFERENCES
1. Sabitov K. B., Safin E. M. Inverse problem for a parabolic-hyperbolic equation in a rectangular domain // Doklady
Mathematics. 2009. Vol. 80, Ne 3. P. 856-859.
2. Sabitov K. B., Safin E. M. The inverse problem for a mixed-type parabolic-hyperbolic equation in a rectangular domain
// Russian Mathematics. 2010. Vol. 54, Ne 4. P. 48-54.

3. Sabitov K. B., Safin E. M. The inverse problem for an equation of mixed parabolic-hyperbolic type // Mathematical Notes.
2010. T. 87, Ne 5. P. 880-889.
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Yu. K. Sabitova (Sterlitamak, Russia)
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THE DIRICHLET PROBLEM FOR CABLE EQUATION !
We consider the cable equation
Lu = Uyy — Uy — b*u = 0, (1)

where b = const > 0, in the rectangular domain D = {(z,y)|0 <z <, 0 <y < T}.
For equation (1) in domain D we pose the following problem.

Problem of Dirichlet. In the domain D, find the function u(x,y) satisfying the
following conditions:

u(z,y) € C(D) N C*(D); (2)

Lu=0, (z,y)€ D; (3)

u(0,y) =u(l,y) =0, 0<y<T; (4)
u(@,0) = (), u(,T) = p(x), 0<z <L, (5)

where (x) and ¥(x) are given sufficiently smooth functions satisfying the conditions
©(0) = ¢(l) =0, ¥(0) = () = 0.

In this paper, using ideas from [1, 2|, we establish a criterion for uniqueness of the
solution of problem (2) — (5). The solution of the problem is constructed in the form of
the sum of a number of Fourier. Small denominators are appeared in process of proving
existence of the solution of the problem. The estimates about a remoteness from zero
denominators are established with the corresponding assymptotics which allowed to
prove existence of the decision in a class of regular decisions and prove its stability
depending on boundary functions

REFERENCES
1. Sabitov K. B. Dirichlet problem for the differential equations in private derivatives // Mathematical Notes. 2015. T. 97,
Ne 2. P. 262-276.

2. Sabitov K. B. Dirichlet problem for mixed-type equations in a rectangular domain // Dokl. Ross. Akad. Nauk. 2007. T. 413,
Ne 1. P. 23-26.

I'The work was supported by RFBR. project-Volga (project 14-01-97003).
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P.M. Caduna (Ka3zausb)
rimma’77705@Qmail.ru

SAJTAYA KEJIABIITA JJId YPABHEHUNA CMEIITAHHOI'O TUITA
C CNJIbHBIM BBIPO2K/TEHVEM 1 CUHI'YJIAPHBIM
KOY®PUITNEHTOM!

PaccMmorpuM ypaBHEHHE CMEIIAHHOIO THIIA BTOPOI'O POJIA ¢ CUHIYJISPHBIM KO3] hu-
IMEHTOM

k
Lu = ugy + (sgny)|y|"uy, + s — a*u =0 (1)

B 1psimoyrodbroit obsiactu D = {(z,y)|0 <z <l,—a<y <p}l, ek >1,1<m<
2,l,a>0,a>0,5 >0 - 3amaHHble YUCJTIA.

Bamaua Kengpima. B obiacmu D natimu pewenue ypasnenus (1), nenpepumeroe
6 D, umernuee nenpepusHbie acmmuse npoussodnsie 6mopozo nopadka ¢ DT U D™,
ydosaemeoparousee epanusnvim yerosuam u(x, ) = (), u(r, —a) = P(x),0 < x <
Lull,y) =0, —a <y < B, u ycrosuam conpaicenus

m—1

lim " tu,(r,y) = — lim (—y)" 'u,(z,9),0 <z <,

y—0+40 y—0—0
ede p(x), ¥(x) — docmamouno eaadkue dynryuu, p(0) = o(1) = P(0) = = (1) =0,
Dt =Dn{y >0}, D-=Dn{y <0}

OTmeruM, 4To nepBas rpaHUuuHas 3a/a4a /I yPABHEHMsI CMELIAHHOIO THUII B BTO-
poro poja (1) mpu k = 0 MeToI0M ClIEKTPaJbHBIX Pa3jIoKeHui nccjeoBana B pabore
[1]. B pabore [2] uzyuena samaua Kemupbima mias ypashenust (1) npu Beex k£ > 1 u
0<m<1.

B nannoii paboTe yecTaHOBICH KPUTEPH ¢MHCTBEHHOCTH pelleHus 3a1a9n Kempl-
ma 1npu Bcex k > 1 u 1 < m < 2. Pemenne nmocrpoeHo B Buje cyMMbl psjia Oypbe-
Beccenst u npuseieno 060CHOBAHUE CXOAMMOCTH PsIJIa B KJIACCE PEryJIsAPHBIX PEHICHUIA.

JUTEPATVYPA
1. Cabumos K. B., Cyaetimanosa A. X. Bamaua Jupuxie 1y ypaBHEeHUs CMELIAHHOIO TULIA BTOPOIO POJA B IPAMOYIOJIbHON
obisactu // U3Bectus By3os. Maremaruka. 2007. Ne 4. C. 45-53.

2. Caguna P. M. 3amaua Kengpima mus ypaBHEHUs CMENIAHHOTO THTIA BTOPOTO poza ¢ oneparopom Beccens // duddepen-

nuasibable ypasaenus. 2015, T. 51. Ne 10. C. 1354-1366.

1PaBora BHIMoNHeHA TpH bUHAHCOBOH TIoAAepxkKe PODU (mpoexT 16-31-50008).
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JI. B. Caxaposa (Pocros-na-/lony)
L Sakharova@mail.ru

ABTOMOJIEJILHBIE PEIIIEHN S 3AJAYN TEIIJIOBON
KOHBEKINN JdJIA NUCITAPEHNA KAIIJIN 2KNJTKOCTHA

PaccMmorpena acuMITOTHYECKAsT MOJE/Ib BBICHIXaHUs HEBA3KO, HETeMIIepaTypoIpo-
BOJIHO# Kall/Id, [OoJIydeHas ocpeHenueM npubsmkenns Obepbeka- Byccunecka 1o ToH-
KOMY CJIOIO MCHAPATOINIECHCA KUJTKOCTH:

hi 4 div(h?s) = —Vpp; (1)

st + (B — 1)hsdivs + (B, — 1)hsVs = 0; (2)
i+ (B — Dhedivs + (B, — 1)hsVp = 0; (3)
¢t + hsVe= DAc, (4)

riae h — ToJIIUHA CJI0s KUJKOCTH, § = (S1,S2), , ¢ — OCPeHEHHBbIE (DYHKIIUH OIS
CKOPOCTEi KUJKOCTHU, MOTOKA TEILIa U KOHIECHTPAIMY TBEPJIOH TPUMECH.

Hust sayiaan (1)— (4) HOCTPOEHBI PA3IMUHbIe THUIIBI ABTOMOJIECJIBHBIX 3aMEH, MOHM-
JKAIOIUX Pa3MEPHOCTDb 3aJa4d U CBOJAIICH ee K CHCTeMe, 3aBUCAIICH OT IBYX Iepe-
MeHHbBIX. Tak, ycraHOBJIEHO, aBTOMOJIEILHOM /IS pacCMaTPUBAEMOI 3aJ1a4K SIBJISETCS
cilelyIolas 3aMena nepeMeHHeX: /vt = z, tie t — Bpems, * = (T, T3) — Hpo-
CTPAHCTBEHHbBIE TIepeMeHHble, 2 = (21, 22) — HOBbIE TIEPEMEHHBIE; HOBbIE HEU3BECTHBIE
dbyuximn u = (U, U) ¥ U CBA3AHBI CO CTAPBIMU MOCPEJICTBOM (DOPMYII:

s=u/Vt,  p=uv/t; (5)
h=u/Vt,  @=uv/VI3 (6)
h=tu,  s=uv/VE, (7)

rie z, u = (ul, UQ) U v — HOBbIC be'HHI/II/I yCTaHOBJIeHO, 9TO IIOJIYYEHHbIE B pE€3YyJIbTaTe
samen (5)- (7) 3a7adu MOTYT OBITH PENIeHbl KaK THCICHHBIMU, TAK M AHATHTHICCKAM
MeTOJaMK Ha XapakTepuctrkax. OCyImecTBieH aHaJn3 TMOJYUYEHHBIX PEIeHuit, ornpe-
JleJieHa ux 00J1aCTh HPUMEHUMOCTHU C TOUYKM 3peHUst PU3MIECKON 110CTaHOBKU COOTBET-
CTYIOIIIMX KpPa€eBbIX 3aJla4.
JUTEPATVYPA
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- 208 c.
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OB O/ITHOM KPAEBOW 3AJIAYE JIJII HATPYXKEHHOTI'O
YPABHEHU Y ITAPABOJIMYECKOTI'O TUTIIA.

VccneioBanue KpaeBbIX 3a/1a4 JIJId HAIPYKEHHBIX JrddepeHIua bHbIX ypaBHEeHU
SIBJISIETCs OJIHMM M3 BaXKHBIX Pa3JieJI0B COBPEMEHHO Teopun i HepeHInaibHbIX ypaB-
HEHUI ¢ 4aCTHBIMU 1IPOU3BOHbIMK. [[oTpedHOCTD B M3yUYeHUN HAIDY2KEHHBIX ypaBHE-
HUl 00bsICHSIETCS KaK TEOPETUUIECKON 3HAYMMOCTDBIO MOJYUYEHHBIX PEe3yJIbTaToB, TaK U
HAJWYIAEM WX B NPAKTUUECKUX MPUJIOXKEHUSIX PElIeHnst MpodIeM HeJIMHeHHO! JruHaMI-
KMU.

B namnoit pabore paccMaTpuBaiOTCsT BOIPOCHI MOCTAHOBKU U UCCJEIOBAHUS OIHO-
3HAYHOI pa3pelImMOCTd HEJIOKAJIbHON KpaeBoil 3a/1a4u sl HarpyKeHHoro guddepeH-
[[MAJILHOTO YPABHEHUSI C YaCTHBIMH ITPOU3BOAHBIMEI BTOPOI'O OPsiIKA, 11aAPAb0INIECKOI0
THUIIA, HAIPY2KEHHAas 4acTh KOTOPOI'O IIPeJIcTaB/sieT coO0i HeJIOKAJIbHOE WHTErPaIbHOe
3HAUEHME NCKOMOM (DYHKITUU Ha IpaHulie odbsactu ero 3aganusd. Cielyer OTMETHTD, 9TO
[IPU 3TOM HaJU4IMe HArPYKEHHOT'O OllepaTopa He II03BOJIAET HEIIOCPEICTBEHHO IIPUMe-
HUTD JIJIST UX PA3PEITUMOCTH U3BECTHYIO TEOPUIO KPAeBbIX 3a/1a1. MeTo0M 9KBUBAJICHT-
HO peayKiuu K 3agade Koru j1jis1 0ObIKHOBEHHOrO A hepeHImaabHOro ypaBHeHs
HalIeHbl YCJIOBUA TapaHTUPYIOINE €JIUHCTBEHHOCThL W CYIECTBOBAHUE HCCIEYEMOU
KpaeBoi 3aJlaun.

ObpaliieHo BHUMaHME, 9TO WCCIE0BAHHAS KpaeBast 3a/1a4a JJIsi yPaBHEHU JTAHHOTO
TUIa €CTECTBEHHO BO3HUKAET B 3a/ia4aX JOJTOCPOYHOTO MPOTHO3UPOBAHUA U PEryJiu-
poBaHus peKuMa I'PYHTOBLIX BOJ C aHOMAaJIbHBIMU CBOMCTBAMMU.

JJUTEPATYPA
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S. N. Sidorov (Sterlitamak, Russia)
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INITIAL-BOUNDARY VALUE PROBLEM FOR THE
NON-HOMOGENEOUS EQUATION OF MIXED
PARABOLIC-HYPERBOLIC TYPE WITH DEGENERATE
HYPERBOLIC PART!

Consider the equation of mixed type

I'The work was supported by RFBR. project-Volga (project 14-01-97003).
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Up — Ugy + VP = Fi(2, 1), t>0,
(=) MUyy — uy — b°(—)"u = Fy(x,t), t <O,

in the rectangular domain D = {(x,t)|0 < x <, —a <t < 8}, where m > 0, b > 0,
[ >0,a>0,3 >0 are given real numbers, F;(z,t), i = 1,2, are known functions and
we pose the following problem.

Problem. In the domain D find the function u(z,t) satisfying the following condi-
tions: u(x,t) € C(D)NCHD)NCL(D)NC3(D,)NC*(D_); Lu(x,t) = Fy(x,t),i = 1,2,
(,t) € D_U Dy w(0,t) = ha(t), u(l,t) = ha(t), —a <t < f; u(z, —a) = ¢(z),
0 <z <[, where Fi(x,t), Fo(x,t), p(x), hi(t) and he(t) are given sufficiently smooth
functions satisfying the conditions hi(—a) = p(0), ho(—a) = p(l), D_ =D nN{t <
0}, D, =Dn{t> 0}

Note that the initial-boundary problem and the problem with a nonlocal boundary
condition u(z, —a) — u(z,f) = ¢¥(z), 0 < z < 1, for equation (1) at Fi(z,t) = 0,
hi(t)=0,7=1,2,1 =1, in the rectangular domain D has been studied in the papers
[1] and [2].

In this paper we find necessary and sufficient conditions for the uniqueness of the
solution of the inverse problem. The solution is built in the form of a series in eigenfunc-
tions of the corresponding one-dimensional spectral problem. In justifying the uniform
convergence of the problem of small denominators.

REFERENCES
1. Sabitov K. B., Rakhmanova L. Kh. Initial-boundary value problem for an equation of mixed parabolic-hyperbolic type in
a rectangular domain // Differential Equations. 2008. Vol. 44, Ne 9. P. 1218-1224.

2. Sabitov K. B., Sidorov S.N. On a nonlocal problem for a degenerating parabolic-hyperbolic equation // Differential
Equations. 2014. Vol. 50, Ne 3. P. 352-361.
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CONSTITUTIVE RELATIONS IN THE FORM OF HYSTERESIS
OPERATORS FOR POLYCRYSTALLINE FERROELASTIC
MATERIALS

Here was built a mathematical model describing the nonlinear strain processes in
polycrystalline ferroelastic materials that is fundamentally differed from the generally
accepted in the linear theory of elasticity Hooke model. In ferroelastic materials, as well
as in the theory of plasticity, between the stress and the strain is observed a nonlinear
relation of hysteresis type. For their description we took into account the internal
structure of material and used some physical principles, which allowed building the
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operator equations of hysteresis type in differentials. One of main part this theory was
related with determination of location ferroelastic domains in a representative volume.
Their allocation with using a statistical approach was able to describe by the function of
density distribution exponential type. Created nonlinear model has several parameters
that have a definite physical meaning. Unlike the linear models where by experiment
enough find a few physical constants, here it is necessary to compare the experimental
and calculated curves of the nonlinear behavior which is determined by the specified
values of parameters. Although the additional task of choosing the model parameters
is an incorrect coefficient problem, in general, this problem can be solved by a series
of numerical experiments. For this purpose, the equations reduce to a system of six
ordinary first order differential equations [1], for which was employed the numerical
method of Runge-Kutta 4th order. It is shown that for each type of ceramics you can
choose a specific set of parameters for which the hysteresis curves are coincide not only
qualitatively but also quantitatively.
REFERENCES
1. Belokon A. V., Skaliukh A. S. Mathematical modeling of irreversible processes of polarization. M .: FIZMATLIT, 2010.
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ACUMIITOTNYECKNN AHAJIN3 HEKOTOPHKIX 3AJTAY TEOPUN
OBOJIOYEK

B pabote paccmaTpuBaeTcs MIUMPOKHUI KJIace 3a/4a4 CTATUKU U JUHAMUAKKA YIPYTUX U
YIPYTOIJIACTUYECKUX Y3KUX TUJIMHIPUIECKUX TIaHe el /IacTui u ¢hepudeckux 00o-
JIOUEK: aCUMIITOTUYECKOe HHTEIPUPOBAHUE JIMHEHHBIX ¥ HEJIMHEHHBIX YPaBHEHUI MaTe-
MATUUIECKOW (DUBKUKM, ONMMCHIBAIOIIMX U3THO ¥ KOJIeOAHUS Y3KUX M30TPOIHBIX W OPTO-
TPOIIHBIX IIaHeseil 1 000JI0UeK, & TaK:Ke UUCIeHHOe MHTEerPpUpPOBaHUe JIAHHBIX 3a/1a4 C
y4eTOM IJIaCTHIHOCTH Marepuada [1]. AcuMnroruueckoe MHTErpUPOBAHUE JIMHEHHBIX
v HeJiuHeitHbIx ypasHenuit tunia Kapmana [1] npoBojurest npu oMoy Mero/ia MaJio-
ro mapamMerpa COBMECTHO C METOJIOM ITOIPaHMYHOrO cJiod. PereHne cTpouTcs B BHUIE
PSIJIOB 110 CTENEeHsIM MaJioro rmapamMerpa. B kKadecTBe MaJioro mapaMerpa IPpUHUMAETCsT
OTHOIIIEHUE JIJIMH CMEXKHbIX CTOPOH IaHesn. KoadduimenTsl 11epBoro psijia ompe/ie-
JIAIOTCS B XOJE MEePBOTO UTEPAIMOHHOTO IIPOTECCa TOICTAHOBKOW 3TOrO psijia B yYpaB-
HeHMdA, HadaJbHbIe W I'PAHUYHbIE yCJI0BUA. Haxomdarcs riaBHbIE WI€HBI pas3JioXKeHusd,
KOTOPBIE YJIOBJETBOPSIOT YPABHEHUSIM MEHbIIEHl pa3MepHOCTH 10 TPOCTPAHCTBEHHBIM
IIEPEMEHHbBIM, OIMCHIBAIOIIMM M3IM0 MM KOJeOAHMUS COOTBETCTBYIOMIMX 000JI0YEUHbIX
s7eMeHToB. [list onpenesienns MOCAEAYOMKUX YJICHOB ACUMIITOTHKH HEOOXOJIMMO pPe-
1aTh JIMHEeHbIe OMrapMOHMYECKHE YpaBHEHHsI, KOTOPbIM Y/IOBJIETBOPAIOT KO3 UIIH-
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eHTBl BTOPOIO Psijia — (PYHKIMHU MOIPAHUIHOrO cJiod. st mccieoBaHus 1MOBeIeHKS
YIPYTOTLIACTHIECKNX TTaHe el 1 000JI01UeK TTPUMEHSTIOTCS MOAMMDUIINPOBAHHBIE COOTHO-
meHns J1epOPMAIMOHHON TEOPUH TIJIACTUIHOCTH U AJTOPUTM PACUIeTa, yIUTHIBAIOIIUIA
TaK Ha3blBaeMble IOBTOPHOE U IIepeMeHHoe yipouHeHue. [IpuBoagaTcs pe3yabTarsbl TUc-
JIEHHBIX PACUYeTOB, [TO3BOJISIONUE ONEHUTD IPEJIesIbl IPUMEHUMOCTH aCUMIITOTHKHI JIJIsI
YIPYTUX ¥ HEYHPYTHX 000JOTETHBIX SJIEMEHTOB.

Method of asymptotic integration in connection with boundary layer method are
applied to some linear and non-linear narrow shells problems. Numerical integration is
carried out in order to evaluate the asymptotic results and to consider the elastic-plastic
shells behavior.

AUTEPATYPA
1. Cmoanp A. M. Tlosenenme yskux naseei u chepuiecknx oGOM0UEK 15 yCIOBUNX CTATHUECKONO W ANHAMHUECKONO HAIDY-

JKeHust. ACMMITOTHYeCKUi M JuC/IeHHbIH aHam3. Pocros-na-/lony, 2014.
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sumbat@math.sfedu.ru

DUAL INTEGRAL EQUATION FOR THE HARMONICALLY
OSCILLATING WING !

In the linearized stationary 3d theory of wing in a flow of non-viscous incompressible
fluid there is known the basic dual integral equation [1]:

b L ZL‘_g 7(5777) — ‘$‘<b
{/L[\/(ﬂff)2+(yn)2+1 (n—y)? d&dn =1 (. y), (\y|<L)- (1)

The kernel is hyper-singular over variable y |2]. It is proved that, when constructing
a numerical method, a discrete scheme along variable  may be taken with a simple
quadrature formula, like for continuous functions [1,3]. After that, the arising one-

dimensional kernel possesses the standard Cauchy-type singular behavior along variable
&, where one can take a special quadrature formula with interplaced nodes for internal
variable £ and external one x [1].

In the present work for the harmonically oscillating wing we study the following
equation allied to equation (1):

1The work is performed under financial support of the Russian Ministry for Education and Science, Project 9.1371.2014/K.
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It is proved that its kernel possesses the same qualitative properties like in (1). We

propose a special numerical method, to solve equation (2).

REFERENCES
1. S. M. Belotserkouvsky, I. K. Lifanov. Method of Discrete Vortices. CRC Press: Boca Raton, Florida, 1992.
2. S. G. Samko. Hypersingular Integrals and Their Applications. CRC Press: Boca Raton, Florida. 2002.

3. M. A. Sumbatyan, A. Scalia. Equations of Mathematical Diffraction Theory. CRC Press: Boca Raton, Florida. 2005.
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SPECTRAL APPROACH TO HOMOGENIZATION OF
NONSTATIONARY SCHRODINGER-TYPE EQUATIONS

In Ly(R% C"), we consider a selfadjoint strongly elliptic operator A., ¢ > 0, given
by the differential expression b(D)*g(x/e)b(D). Here g(x) is a periodic bounded and
positive definite matrix-valued function, and b(D) is a first order differential operator.
We study the behavior of the operator e #4<, t € R, for small . It is proved that,
as € — 0, e 4= converges to e~4° in the norm of operators acting from the Sobolev
space H*(R?% C") (with a suitable s) to Lo(R% C"). Here A° = b(D)*¢% (D) is the

effective operator. In [1], the following sharp order error estimate was obtained:

_ _ 0
e _ gmitd | 3Ry Loy < (C1 + Colt|)e. (1)

—itde _ e_”AO| HosLy = O(e*/3) for 0 < 5 < 3.

Now we obtain more subtle results [2]. From one hand, we confirm that (1) is sharp:
in the general case the estimate ||e=4< — e=4"|| o, = O(e) is not true if s < 3.
The supporting examples are given.

le

Also, by interpolation, ||e

From the other hand, we distinguish conditions on the operator under which the
result can be improved:

e — & ™| ey Lmey < (Cr + Calt])e,
and then also ||e~"4 — e~ || g1, = O(e 3/2) for 0 < s < 2. In particular, this is the
case for the scalar elliptic operator A. = —div g(x/e)V, where the matrix g(x) has

real entries.
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The results are applied to study the behavior of the solution u.(x,t) of the Cauchy
problem for the Schrodinger-type equation i0yu.(x,t) = (Acu.)(x,t). Applications to
the Schrodinger equation and the two-dimensional Pauli equation with singular rapidly
oscillating potentials are given. The method is based on the scaling transformation, the

Floquet-Bloch theory and the analytic perturbation theory.

REFERENCES
1. Birman M. Sh., Suslina T. A. Operator error estimates in the homogenization problem for nonstationary periodic equations.
// St. Petersburg Mathematical Journal. 2009. Vol. 20. No. 6. P. 873-928.

2. Suslina T. A. Homogenization of nonstationary Schrddinger type equations with periodic coefficients. Preprint. 2015.

Available from http://arxiv.org/abs/1508.07641

FO. A. XazoBa (Cumdepormoss)
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METAYCTOMNYNBELIE CTPYKTYPHI
B ITAPABOJIMYECKOMN 3AJTAYE

Ha okpy»kHOCTH paccMaTpuBaeTcs mapadoJiniecKast 3a/1a4a ¢ Npeodpa3oBaHIeM OT-
pasKeHns

1 1
v+ Lv = Aﬁctgw L Qv — Aa QU3 (1)
e L=L(D)=1—-DA —AQ, Qu(p,t) =v(m — p,1).

JLst HaxoXK IeHus perennii ypapaenus (1) cTpouTest raJlepKuHCKast alpOKCHMATINS
B BUJIE

N N
v = ZZS COS S + sz+N sin ko, (2)
5=0 k=1

KOTOpasi MPUBOJUT ypaBHenue (1) Kk cucreme

Zg = =Nz + gs(2), s=0,N, (3)
ZpaN = =N 2kaN + Gean(2), E=1,N,
e NS =14 82D — (—1)°A, Af = 1+ k2D — (—1)F1A,

HenpepbIBHBIM BeTBsSIM CTAlMOHAPHBIX TOUEK CHCTEMBI OOBIKHOBEHHBIX JuddepeH-

UATBHBIX YpaBHEHUI (3), POXKJICHHBIX B PE3YJIbTATE CEIJIO-Y3I0BbIX OudypKaruii, or-
BEYAIOT HEIPEPbIBHBIE BETBH MPUOJIMKEHHbBIX CTAlMOHAPHBIX perenuii (1). DTu BerBu
HPUOJIMYKEHHBIX CTAIMOHAPHbBIX PEIIeHUI TUIa BHYTPEHHEI'O EPEXOHOI0 CJIOs B UC-
XOIHOM 3aJ1aue TOPOXKIAI0T METayCTONINBbIC CTPYKTYPHI.

B pabore |1]| uccrenosanucs pemntenns ypasuenus (1) B ciydae cosw = 0.
JTUTEPATYPA
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E. L. Shishkina (Voronezh)
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THE FUNDAMENTAL IDENTITY FOR ITERATED WEIGHTED
SPHERICAL MEAN

Let R} ={x=(x1,...,2p)ERy:x1>0, ..., 2,>0}, f € C(R;}), multi-index y=(y1, ..., 1n)
consists of positive numbers v; > 0, |y| =1 + ... + 7, and S (n)={xeR}:|z|=r}.
Weighted spherical mean of function f has the form

li[ (%-1-1)

92T <n+lvl)

@)= [ reseas, v =TT -

Wn
Sy (n)

where T? is multidimensional generalized translation (see [1]). Let us define the iterated
weighted spherical mean M. (x, A, i1) by the following formula

M, (A, 1) = MOME[f(2).
The fundamental identity for the iterated weighted spherical mean is valid

9—nT <n+2|’y|>
M, (x,t,u) = X
K JaT <’y|—|—2n—1> (2t p1)n+hl=2

Xl/[@”—W—ufﬂ&+uf—ﬂﬂM@SN@U@WﬂP 1)
|t—u

If F' is a function with support inside the set B3, (n)={z€R;:|x|<2t} when using (1)

we obtain

Qf 9f

€]
(422 — Jt]?

)n+|'y| 3ﬁ(t£)jv(t€7y)] C’yfvdsfdso

where F is Fourier-Bessel transform of F. Definitions of Fourier-Bessel transform and
function j,(x,y) see in [1].
REFERENCES
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Differential Equations, 50 (4), 2014, pp. 516-528.
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Cekiug IV

BepOHTHOCTHO - aHAJINTN4YEeCKUue
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T. A. BosiocaroBa, A.T. [Janeksun (PocroBckuii rocysapcrBeHHbIi
CTPOUTEJIbHBIN yHUBepcuret, PoctoB-na-/loHy)
kulikta@mail.ru, dangegik@mail.ru

OIITUMU3AIINA KBA3MJIMHENMHBIX CJIOXKHBIX CUCTEM C
TPEMS ITPUOPUTETAMMN !

Paccmorpum B mpocrpancrse R" 3ajiaHbl HEOTpUIlATE/IbHbIE HelIPpepPbIBHbIE (DYHKIUN
Fi(z1,29,...,2,), 1 = 1,2, 3, ABaxK bl HENPEPHIBHO T hepeHnnpyeMbie Ha OTKPBITHIX
muoxkecrsax B; = {F; > 0} coorsercrsento, u nycrs M;_y B; # 0. Lenesast dyukius
F3 dopmynupyer BHyTpeHHUE TpeOOBaHUs cUCTEeMbI, a F} u F5 BocpousBoOAsST Tpebo-
BaHWs HEKOTOPBHIX BHENTHUX “ONTUMHU3ATOPOB K 3Toit cucreme. Co3/1auM HOBYIO Iie-
aeByto dyrkiuio apourpa: F= F{"FYP?FS rne a; > 0,i=1,2,3n oq + e+ a3 = 1.
[Tokazarenn oy, (g, a3 OyIEM HA3BIBATH pUOPHUTETAMU. APOUTD, BO3ICHCTBYS Ha BHYT-
PEHHIOI CTPYKTYPY CUCTEMBbI ¥ Ha BHEIIHUX “OINTHMHU3ATOPOB’, CTPEMUTCS 00ECTEUUTh
apdexTuBHy0 paboTy BCeil CUCTeMbl, TO €CTh MaKCUMHU3UPOBATH IEJIEBYIO (DYHKIUIO
F. Tlosromy B jlasbHeiinem Gyjem cuutarh, uro © € M3, B;. Byjem upesonarars,
aro Fj(x) asasiorcs GyHKIUIMI «KBA3HJIMHEHHOTO» BUJIA:

(=
Fi(x) = (1;::1 alxy, + bz) [{é b0}’
Fl@) 9
F3 (x) ) Y

Teopema. /a4 mozo, umobv, pynryus F(x) umenra cmayuonaproie mowku neobro-
duMO, wMobvL cucmema 6eKmMopPos {71,72, 73} OBLAG AUHETHO 3A6UCUME U BVITLOA-

HANOCH PABEHCNEO
a7 _ 0%) _
(041+O{2)—1 (Oq-FO{Q)—l
Obpammo, nycmv smu yYcirosus evnoanens. Beedem obosnauenus

n n
G;lzconst:ci>0,i=1,2 ;8= 0wy, L= ajy.

riie 14 ecth mHIUKATOP A.

Beejiem oboznadenus: G;(x) =

k=1 k=1
Tozda ueresasn Gynruyua npumem 6uod:
a1C1 9CH 1=(artaz)
F= b t+b t+b .
(54 b)a, ( + 2)a2((a1+0z2)—18+(a1+a2)—1 i 3)

Hceenedyeman dynwyus F(x) umeem aokarvnoil Makcumym 6 movke

(é((ozl — 1)(61[)1 - bg) + OéQ(CQbQ - bg)); é(gl(clbl - bg) + (042 - 1)(02[)2 — bg))) .

1 PaBoTa BHIMONHEHA TTpH bUHAHCOBOH ToAepxkKe PODU (mpoexTsr 16-01-00184 u 16-01-20092).
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THE MOTION OF QUANTUM PARTICLE IN THE CLASSICAL
GAUGE FIELD IN THE LANGUAGE OF STOCHASTIC MECHANICS

Nelson’s Stochastic Mechanics is a mathematical theory that is based on the classical
physics but gives the same predictions as the quantum mechanics for a broad class
of problems, for which both theories are applicable. The Stochastic Mechanics can
be considered as a special method of quantization distinct from Hamiltonian and
Lagrangian (in terms of path integrals) ones. An important feature of the Stochastic
Mechanics is that it deals with quantization of the second Newton law, not Hamiltonian
or Lagrangian equations. The analog of Newton’s law, the equation of motion in
Stochastic Mechanics, is known as the Newton-Nelson equation. It is given in terms of
the so-called mean derivatives of stochastic processes.

Up to the present time a lot of quantum mechanical problems have been investigated
in the language of Stochastic Mechanics. However the description of a quantum particle
motion in the classical gauge field has not been translated in this language. We elaborate
a special version of Stochastic Mechanics on the total space of a complex vector bundle
over a Lorentz manifold, in particular, over a space-time of General Relativity. For
a particular case of symmetry group U(1) we investigate relations with quantum
electrodynamics.

Then we construct and investigate an analogue of the Newton-Nelson equation on
the total space of real vector bundle over a Riemannian manifold.

B.M. Heyuasik, C. A. EBnak, A. A. Tapaun (Pocros-na-/Iony)
vl.deundyak@gmail.com, syevpak@yandex.ru, fraktal-at@yandex.ru

OB OIIEHUBAHUUN BEPOITHOCTH VI3BUMOCTEN
IMOJINJINHENMHONM CUCTEMBI PACHPEJIEJIEHN A KJIFOUEN

Jokuna siBisieTcs npojoikenunem myosnukaruii [1,2,3] o pesysbratax ucciesoBanus
TEOPETHUKO—KOJIOBOH MOJMJIMHEHHON CHCTeMbl pactpejieienns Kiodeil (cm. [4]). Dra
cucrema obecrieunBaeT O€3011aCHOCTD [IPOBEJICHKST KOH(EPEHIME B HEKOTOPOM CO0DIIIe-
CTBE TOJIb30BaTE/EH, B KOTOPOM MOYKET ObITh KOAJUIUS 3JIOYMBIIJIEHHUKOB MOITHO-
CTH, HEe IPEBBIIIAIOIIEH JOIMyCTUMOro rnopora. B ciydae, Korja MOIHOCTb KOAJUIIUK
IIPEBBIITAET MTOPOT, CHCTEMa PACIIPEIe/IeHUsT KI0UYeil cTaHOBUTCS ysi3BuMoit. B pabore
OIIEHUBAIOTCS BEPOSITHOCTH BOZHUKHOBEHNS TAKUX YSI3BUMOCTEI, TPUBOISATCS IPUMEPDI

KOHKPETHbLIX CUCTEM C Oe30macHbIMU U HeOE30IACHBIMA I[TapaMe€TpaMUu.
JUTEPATVYPA
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OB NUHBAPMAHTHOCTU NEPEXOJHON IIJIOTHOCTU
ANPPY3UN 1TPU HEIIPEPBIBHOM U3TI'MBAHUUN

Bynem paccMaTpuBaTh noBepxHocTh S kiacca C° B eBKJIMIOBOM MpocTpaHcTBe 5.
Sagaanm Ha S uddysuio Xy, MOPOXKJAEHHYIO TTEPBON KBaIpaTUIHOW (HOPMOI ITO
noBepxHocTu. depes py(x, y) 0603HATNM TEPEXOAHYIO MIOTHOCTD Muddy3un X;. Vmeer
MECTO

Teopema. [lepexodnas naommocms pi(x,y) duddysuu X; A6aaemca uneapuarmom
NPU HENPEPLIGHOM U32UbAHUL noseprHocmu S.

H.II. Kpacwuii (PocroB-na-/lony)
krasnad@yandex.ru

OIITUMUBAIINS KBASUJIMHEVMHBIX MOJJIEJIEN C
HE3ABUCUMBIMU ITPOPUTETAMMI!

B nannoit pabotre, BBINOJHEHHO! B paMKax HaydIHOI TeMaTUKKU KadeJpbl BbICHIEi
maremaTuku PI'CY, npoBojsgrces uccyieoBanns BO3MOKHOCTH OITHMU3AIINK KBa3UJIK-
HERHBIX MOJIeJIel, MHTEPIPETUPYIONINX CUTYAIUIO, KOT'Ia IejieBas PYHKINS OTPaKaeT
pasHOHAIIPaBJIEHHBIE TPEOOBAHNS PA3JIUIHBIX CTPYKTYP C YIETOM CIYUailHONI paccTa-
HOBKH IIPUOPUTETOB CTOPOHHUM JIUIIOM — apOUTPOM, IPUHUMAIOIIUM PELIeHNs Ha OCHO-
BaHUM SKCIEPTHBIX PEKOMeHJIaluii. ByaeM cunTarh, 9T0 B CHCTEMe B3aUMOEHCTBYIOT

JIBE CTPYKTYPbI, U (DyHKIUU

Fi(z) = iaﬂz b)Ia :
S0 )

i=1 i;aixi+b>0
n
Fy(x) = cr; +d|I¢ax
=1

1PaBora BhimonHena npu dbunarcoBo# nogaepxke POD®U (npoekts 16-01-00184 u 16-01-20092).
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BBIPAYKAIOT UX KOHKYPHUPYIOIINE TEeJIH.

[Iycrs o = ai(w), @ = 1,2 — He3aBUCHMBIE CIyUaifHble BEJIMIUHBI, OMPEIeIeHHbIE
Ha HEKOTOPOM BEpPOsITHOCTHOM 1pocrpancTie (€2, F, P) u yjl0BJIETBOPSIONIKE YCJIOBUIO:
PO < a; < 1) > 0,14 = 1,2. Beemem cienyioniyio 1mesieByo GyHKIUIO apouTpa:
F(x) = E(F1") E(F®).

Teopema. /las mozo, wmobwv ynryua F(x) umenra cmayuonaproe mouxu, neob-
LOOUMO BLINOAHEHUE YCAOBUL:

1) cywecmeyem nodmmooscecmeo undexcos I C {1,2,...,n} (komopoe moocem 6vimo
u nyemuvim) maxoe, wmo Vi € T a; = ¢; = 0w Vi € I° ={1,2,....n}\I a; # 0 u
C; 7& 0,‘

2) cywecmeyem maxoe wucao ¢ > 0, wmo Vi € I svnoanaromes pasencmea —% =c;

(3
3) —b < %l . 1pu svnoanenuu yeaosut 1), 2) u 3) ypasuenue g(t) = 0, 2de g(t) =
E(ai(t+ b)) E((—ct 4+ d)*2) — cE ((t + b)) E (co(—ct + d)*2™) umeem edun-
d n

cmeennvili Kopensv t = t* (—b <tr < E) U 6CE MOYUKU 2UNEPNAOCKOCTNU 231 a;x; = t*
ABAANMCA MOUYKAMU NOKAADHOZ0 U 24000AH5HO20 MAKCUMYME OYHKUUU Fz(x) (dpyeux
Mouer AOKAALHO20 U 2A004AbH020 MAKCUMYMA HEM,).

K. V. Lykov (Samara, Russia)
alkv@list.ru
THE MOMENT PROBLEM FOR A MIXTURE OF TWO
DISTRIBUTIONS !

Definition. We will say that the (Hamburger) moment problem for the distribution
function F' = F(z), x € R, is determinate, if for any distribution function G from the

condition
400 400
/ " dF(z) = / 2" dG(x) forallm e N

it follows that F'(z) = G(z) for all x € R. For the random variable X defined on a
probability space {Q, F,P} we will say that it’s moment problem is determinate, if
this holds for distribution function of X

Fx(z) =P{lwe: X(w) <z}

Otherwise, we will say that moment problem is indeterminate.

1 This work was supported by the RFBR grant 14-01-31452.
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Theorem. Let X be a random variable on some probability space {2, F,P} such
that all it’s moments are finite, i.e. E|X|" < oo for alln € N. Then there exist random
variables Y and Z on {Q, F,P} such that:

1) X=Y+Z; 2)Y and Z are pairwise disjoint on €);
3) all moments of Y and Z are finite and moment problems for Y and Z are both
determinate.

Corollary 1. There exist random variables Y and Z with determinate moment
problems such that the moment problem for'Y 4+ Z is indeterminate.

Corollary 2. Let F = F(x) be a distribution function such that all it’s moments
are finite. Then there exist o € (0,1) and distibution functions G and H such that:
1) F(z) = aG(z) + (1 — a)H(z) for all x € R;

2) moment problems for G and H are both determinate.

Corollary 3. There exist two distribution functions G and H with determinate
moment problems such that the moment problem for some it’s mizture F' (i.e. F(x) =
aG(x) 4+ (1 — a)H(zx) for some a € (0,1) and all x € R) is indeterminate.

I'. B. Mupounenko (Pocros-ua-/lony)
georim89@gmail.com

3A/TAYA OB OIITUMAJIBHOM M3MEHEHUU ITPUPAIITEHNN
CJIVUHAMHOTI'O ITPOITIECCA

Pacemorpum jiuddysuonnblit nporece
dS; = p(t, Sy)dt + o(t, S;)dWy, Sy = const,

rie W — 6poyrosckoe jpuxkenue. [lycrs Xp = (S; — So) + 7, (S — S;). Leas cocronr
B TOM, 4TOObI MUHMUMU3UPOBATH OTKJIOHEHWE X7 OT 3aJlaHHON KOHCTAHThI H :
E[(Xr — H)? — min .
(r,7)
Buech 7 € [0,T] MOMEHT OCTAHOBKH, OTHOCUTEJILHO €CTECTBEHHO (busibrpamuu 6po-
YHOBCKOI'O JiBuzkenust [F = (FS)SE[O,T]a vr — F usmepumast ciryuaitnas sejinunna. Takum
obpazoM, TpupaleHue mporecca S pasperiaeTcsd U3MEHUTh TOJTBKO OJIMH Pa3 B MOMEHT
BpEMEHU T.
[TpoBejist MUHMMM3ATIMIO IO 7y; TOJydaeM 3ajiady 00 ONTUMAaJbHOW OCTAHOBKE:

E[h(S;)o(T, S7)] — min,

h(St) — (H o (St - SO))27 ¢(7_7 ST) _ (1 o [{7—<T} E(ST - ST|FT) ) .

E((ST — Sr)?|F7)
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OnTuMaJbHBI MOMEHT OCTAHOBKY MMEET BUJI;
" = irtlf{t >0:S: €GINT, rtne G=A{(t,s):s1(t) <s<so(t)}.

st mogiesieit Batesibe (1, o koncrantst) u Biueka-Ioynsa (uy = Sy, 0y = 0St) Oblin
IOJIYYEHbI OIEHKU OOJIACTHU MPOJIOJIZKEHUSI:

GCG, G={(ts):5(t) <s<s(t)}

HucsienHble pacyeTbl IOKa3bIBAIOT, YTO JaHHbIC OIEHKH fBJIAIOTCS JOCTATOUHO TOY-
HBLIMU. SIBHAS THCIEHHAs cXeMa Omnucana B 1], eé CXOMMMOCTD BBITEKAET M3 TEOPEMBbI

CpaBHEHWUsI JIJIsl COOTBETCTBYIOIIErO ypaBHenus Lamuibrona-Akoou-Beimvana [2].

JUTEPATYPA
1.0berman A. M. Convergent difference schemes for degenerate elliptic and parabolic equations: Hamilton-Jacobi equations
and free boundary problems. SIAM Journal on Numerical Analysis. 2006. T. 66, Ne 44. C. 879-895.

2. Touzi N. Optimal Stochastic Control, Stochastic Target Problems, and Backward SDE. Fields Institute Monographs, New

York: Springer. 2013.

®. C. Haceipos (Y dumMmcknii rocy1apCTBeHHBIN aBUAIMOHHBIN
TexHU4YecKuii yHuBepcuret, Poccus)
farsagit@yandex.ru

O CTPYKTVYPE PEINIEHNA CUCTEM CTOXACTUYECKNX
JINO®OEPEHIINAJILHBIX YPABHEHUN

Paccmorpum cucremy croxacrudeckux jguddepeHinanbHbiX ypaBHeHuil (B jgaabHeli-

mem: CIIY) Buna

w) =i+ [ B ae Wenis+ 3 [ e am) - i),

i=1,2,....n,

rie W(s) = {Wy(s),...,Wy(s)}— d-MepHBIii BUHEPOBCKHII MPOIECE, CTOXACTHUECKHE
UHTErpaJjbl ecTh naTerpajbl CrparonoBrda. [IycTh BBIIOTHEHBI YCIOBUsT CYIIECTBOBA-
HUST U eIMHCTBeHHOCTH Jiuist cucreMbl (1). Kpowme Toro, npeanonaraercs, ato dhyHKIMK
o) u B nenpeppiBHO juddbepeHnupyeMbl 1 B KaxkJjoM cToomne Marpunsl X = {0}
CYIIECTBYET XOTsI Obl OJINH OTHAEJEHHBIN OT HYJIST JJIEMEHT.

B pabore BoisiBiiena crpykrypa pemienns cucrem CY suga (1). Tlokazano, aro

ni(t) = @i(t, Wi (t), ..., Wy(t),Ci(t),...,Cr(t), i=1,...,n,
10 ectb periennst CIIY npejcrabisiior coboit Hecsrydaiinbie GyHKIUM @;(t, wy, . . ., Wq,
C1,...,Cy) Or BuHeposckoro mpouecca Wi(t), 7 = 1,2, ..., d, u riajknx ajantupo-
BaHHBIX coydaitabix dyaknuit Ck(t), k = 1,2,...,n, KOTOpBIE SBJSIOTCS PEIICHUSIMHA
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HOpMaJIbHO# cucreMbl 00bikHOBeHHBIX OJIY, mpasble 4acTu KOTOPBIX COJIEpPXKAT CJIy-
qaitnble Gynkmun W;(t).

BrisiBsiennast crpykrypa perennit CY 1o3BojisieT ylnpocTuTh pasjindHble 33 a9u
CTOXaCTHIECKOTO aHagu3a. Panee cooTBercTByiomuii peyabrar 6611 momyden (cm.|1])
auist ckaqapibix CY ¢ o/HOMEpHBIM BUHEPOBCKUM IIPOIECCOM.

JTUTEPATYPA

1. Hacupos @.C. JlokanbHble BpeMeHa, CUMMETPUYHbIE MHTErPAJIbl U cToXacTudeckuit anam3. M. @usmaraur, 2011.

I. V. Pavlov (Rostov-on-Don)
pavloviv2005@mail.ru

ON THE EXISTENCE OF INTERPOLATING MARTINGALE
MEASURES FOR A STATIC MODEL OF (B,S)-MARKET '

Let us consider on {Q,F} a one period (B, S)-market, where F = (Fy, F1) is a
one-step filtration, Fy = {2, 0}, and F; is generated by a decomposition of Q into a
countable number of atoms B,i, 1<k<oo,1<i<mp+1,1<m; < oo. Wedenote
by Z = (Z,, Fu)l_, an F-adapted stochastic process which we think like a discounted
value of a stock (Zy = a, Z1(B.) = bg), where by, are different real numbers.

Suppose that this (B, .S)-market is arbitrage-free. Denote by P the set of martingale
measures P such that

1) pb := P(B.) > 0, Vk and 3;

> bepy,

2) by # JZ—PZ’ VI(1 <1 < 00) and for all subset J C {(k,i),1 <k <o0,1 <1<

my, + 1} such that J° is finite.

Measures from P can be used for so-called Haar interpolations of (B, S)-markets
under consideration. Such interpolations transform arbitrage-free incomplete markets
to arbitrage-free and complete ones.

In this talk we will present some new sufficiant conditions providing the existence of
measures P € P. Other conditions cal be found in [1-2].

REFERENCES
1. Pavlov I. V., Tsvetkova I. 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. N. 3. P. 177-181.

2. Pavlov I. V., Tsvetkova I V., Shamrayeva V.V. // On the existence of martingale measures satisfying the weakend

condition of noncoincidence of barycenters in case of countable probability space. Teor. Veroyatn. Primen. 2016. Vol. 61, N. 1.

1 This work was supported by the RFBR. (projects 16-01-00184, 16-07-00888, 16-01-20092).
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B. B. Pogouenko (FOxkwubrit @enepasnbhubiii Y aHuBepcurer, Poccuiickas
Deneparrust)
vrodochenko@gmail.com
KAJINBPOBKA MOJIEJIEVI POCCUMCKOI'O CPOYHOI'O PHIHKA
C IPUMEHEHUEM METOJ0B MAIIIMHHOI'O OBYYEHNA !

[TpakTraecku Bee CyIECTBYIOIIME MOEN OLHEHKI CTOMMOCTH OIIIMOHOB NMEIOT HEKO-
TOPBIH HAOOP MApaMeTPOB, KOTOPBIE HEJIb3sT HaOJIIOIATh HerocpeacTBerHo [1]. B ciyuae
Kjaaccuaeckoit momenn biska-Illoysica B 9T0#t posin BLICTYIAET 0 - BEJUUNHA PBIHOU-
HOi BostaTuabHOCTH. JJist TOro, 9TOOBI MCIMOIH30BATh UX Ha PeabHbIX MCTOPUIECKUX
JIAHHbIX, Pa3pabaThiBAIOT pas/udHble crocobbl "Kaambposku' Mogiesieit (M., Hanpumep,
12]). ITocste mpoBeieHusT KAJMOPOBKE OCTPO BCTAET BOMPOC YCTOWIHUBOCTH PE3YTHTATOB
OTHOCUTENIHHO W3MEHEHWST JaHHbIX.

B pamkax jpanHoif paboThl MbI IPUMEHSIEM HEKOTOPbIE U3 TIOMYJISPHBIX aJrOPUTMOB
MAITUHHOTO 00yueHns (caydaitnerii sec m SVM) K 3a1atue THHAMUTIECKONH KaJIHOPOB-
Kn HerayccoBbix Mogesiein (Mepromna |3] u Xecrona [4]) B dopmare cpaBHUTETHHOTO
aHaJm3a. Vcrnosb30BaB B KadecTBe 00yvalolieil BBIOOPKU HCTOPUIO N3MEHEHUsT HHIEKCA,
PTC, unjekca BoaaTujibHOCTH MOCKOBCKON OMPXKE, a TaKxKe HADJII0aeMble IapamMer-
PbI OMITHOHA (TaKWe KaK BPEMs SKCIUPAIMN, BEJUIUHA CTPailka W UCTOPHs TOPTOB),
MbI AHAJU3UPYEM BEJUUUHY OIMMOKHK KarKJIOI'0 M3 aJrOIPUTMOB Ha KaXKJOi M3 MOje-
JIeil OIeHKH CTOMMOCTH omuona. [lo pesyibraraM 9KCIEPUMEHTOB Mbl JI€JIaeM BBIBOJI
0 KauecTBe MPOTHO3UPOBAHUS KAk 10 U3 MOjeeil, — Kak 110 OTHOIIEHUIO K 'caMmoil ce-
Oe TO eCTh ONTUMAJBHO IIePEKAJHOPOBAHHLIM JAHHBIM MOJIENN, TaK U ¢ TOUYKHA 3PEHUSI
BEPOSITHOCTH TIOJYIUThH aHAJOTHIHBI OTBET TyTEM CJIyUYaiHOTO Mo060pa MapaMeTposB.

JUTEPATVYPA
1. Kydpasues, O.E. Db dexTrBHbIE MATEMATHIECKIE METO/IbI BEIYUCIIEHUS IIeH OMIuoHOoB. — Saarbriicken: Palmarium Academic
Publishing. — 2012.
2. Nelder, J. A.. A Simplex Method for Function Minimization. — Computer Journal. — 1965. — Vol. 7. — p.308-313.
3. Merton, R.: “Option pricing when underlying stock returns are discontinuous”. J. Financ. Econ. 1976, — v. 3, p. 125-144

4. L. Heston A Closed-Form Solution for Options with Stochastic Volatility with Applications to Bond and Currency Options.
Review of Financial Studies. 1993. v. 6. p. 327-343.

D. B. Rokhlin (Southern Federal University, Russia)
rokhlin@math.rsu.ru

MINIMAX PERFECT STOPPING RULES FOR SELLING AN ASSET
NEAR ITS ULTIMATE MAXIMUM

Assume that an agent wants to sell an asset before the maturity date T" at a price
X;, which is as close as possible to the ultimate maximum X7 = maxo<;<r X;. The

1McenenoBanue BhIIONHEHO IpH GUHAHCOBOH momgepxkke PIH®, npoekt Nel15-32-01390.
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asset price is a continuous function t — X;(w), depending on an unknown outcome
w € Q. A selling rule 7(w) may depend on the price history {X;:s < 7(w)}.

To each selling rule we associate the regret over the past, the regret over the future
and the overall regret. Based on the latter quantity we introduce the notion of a perfect
stopping rule. The idea is that it improves any earlier stopping rule and cannot be
improved by further delay. We show that a perfect stopping rule is unique and has the
following simple form: one should sell the asset if its price X; deviates from the running
maximum X, by a certain time-dependent quantity.

An optimality of such selling rule (“let profits run but cut losses”) was first justified
in 1] for a discrete time model. This result was inspired by the paper [2], which studied
the case of a divisible asset. The approach of [1,2] was based on discrete-time specific
recurrent dynamic programming formulas. In continuous-time probabilistic setting the
problem of stopping near the ultimate maximum became popular after the stimulating
paper [3].

To illustrate our results assume that the price trajectories satisty the inequalities

—-(t—35) < Xp(w) — Xs(w)<u-(t—s), 0<s<t<T

with some constants [,u > 0. Then the perfect stopping rule is the following: 7*(w) =
inf{t > 0: (X} — X;)(w) > u- (T —1t)}. Note, that it depends only on one parameter
u, which shows how fast the price can go upwards.

REFERENCES
1. Bawa V. S. Minimax policies for selling a nondivisible asset. Manage. Sci. 1973. Vol. 19, no 7. P. 760-762.
2. Pye G. Minimax policies for selling an asset and dollar averaging. Manage. Sci. 1971. Vol. 17, no 7. P 379-393.

3. Graversen S.E., Peskir G., Shiryaev A. N. Stopping Brownian motion without anticipation as close as possible to its

ultimate maximum. Theory Probab. Appl. 2001. Vol. 45, no 1. P. 125-136.

B.H. Pyces, A.B. Ckopukos (PI'Y nHedtu u raza (HIAY) umenn
N.M.T'y6kuna, Poccus)
vnrusev@yandex.ru, skorikov.a@gubkin.ru

AHAJINMTNYECKUWE N JTNCKPETHBIE METO/IbI B
NCCJIEAOBAHUN ITAPAMETPA IIOTOKA OTKA30OB B
TPAHCIIOPTE T'A3SA

Uccneryercst 3aBUCUMOCTD MEXKJLy 1OKa3aTeJsIMU HAJIEXKHOCTU HEBOCCTAHABJIMBAEC-
MbIX ¥ BOCCTAHABIMBAEMBIX CUCTEM U WX 3JIEMEHTOB (B CJIydae ra30lepeKadnBaONIX
arperatoB (I'TIA) 06beKThI ¢ TOUKM 3peHHsi OTKA30B WM ABAPUHAHBIX OCTAHOBOB MOXKHO
paccMaTpuBaTh C JIBOSIKON MO3UIMK: KAK PEMOHTHDYEMbIe, TaK U HEPEMOHTHUPYEMbIe).
B kadecrBe MOjie/iM PacCMaTPUBAETCS PEKYPPEHTHbBINH 1IOTOK OTKA30B, JIJIsi KOTOPOI'O
yKa3aHHas CBI3b BhIPAXKAETCA NHTErPAJTLHBIM YpaBHeHreM BosibTeppa, CBI3bIBAIONTNM
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napamerp 1oroka w(t) u wiornocrs f(t) pacupejiesenust BpeMenu g Mex/1y OTKa3aMu

t

w(t) = f(t) + /w(T)f(t —7)dr.
0
B pabore 1] 6bu10 HalIEHO ACKMITOTHIECKOE , T — +00, pelieHre ypaBHenue Boiib-
Teppa B BUJE Psijia, B MPEITNOJOKEHUHN, UTO YKUIHEHHBIN HUKJI (PYHKITMOHUPOBAHWS
00'bEKTOB CUCTEMbI TPAHCIIOPTA T'a3a OIKUCHIBACTCs C MTOMOIIBIO 3aKOHA, PACIIPE/IE/ICHU s
Beitbynna-I'aeeHko.

s HaxoxkaeHusi mpubJImzKeHHoro perrernus w(t), ¢ > 0 paccMaTpuBalOTCs TPH
criocoba sincKperu3alin ypasennst (1).

1. Pemnenue uinercst B BUJie CyMMbl KYCOUHO-IIOCTOSIHHBIX (DYHKIIUN PABHbIX Ha KarK-
JIOM OTpe3Ke pa3OnueHus 3HAUYECHUIO NCKOMOT'O PelleHus B KOHEUHOW TOUKe, KaK B KBa/I-
paTypHOM MeTO/ie IIPAMOYIOJIbHUKOB.

2. Ilonaraercsi 3HavyeHue pereHns Ha, KaxXXJJ0M OTPe3Ke pa3dUueHusi paBHOE CPEJIHEMY
3HAYCHUIO, KaK 3TO JEJaeTCA B METO/Ie TPalleI[Hil.

3. Ha kazk1oM oTpe3Ke pa3duenus, UCIOIb3ysd MHTOUIeH Jlarpan:ka mepBoii cTeneHu,
MCKOMOE pellieHne 3aMeHsieTCst JIMHEHHOW (DyHKIIMel, T.e. paccMaTpUBAETCs TTPUOJIUYKe-
HUE TOYHOI'O pelIeHUs JIOMAHOM.

[Tomydensl anropuTMbl, MPOBEPEHHBIE HA MOJIEJBLHBIX pacpeeeHusdX, U MpoBeie-
HbI YUCJIEHHbIE pACUYeTDI JIJIsI PeaJIbHbIX SKCILIYAaTAIlMOHHbIX JAHHLIX 10 MeXaHuIeCKUM
orkazam ['ITA Pocrosckoro YMI.

JUTEPATVYPA
1.Pyces B. H., Cxopuxos A.B. Anajnu3 3/1eMEHTOB CUCTEM ra30CHAOKEHMs C IIOMOIILBIO0 METO/A IIPOU3BOAAIIKUX ByHKUIUT

MomenToB . Tpynet PI'Y nedrn u raza umenn .M. I'y6kuna. 2016, Ne 1/282. C. 85-95.

C.M. Curnuk (Boponex)
mathsms@yandex.ru

HEKOTOPBIE HEPABEHCTBA JJId XAPAKTEPUCTUYECKNX
®YHKIIUN 1 YNCJIOBBIX XAPAKTEPUCTUK CJIVUAMHBIX
BEJINYNH

B jiokJjiajie mpuBoAsSTCS PE3yabTaThl 110 YTOUHEHUIO U 00OOIEHUIO HEPABEHCTR, PaHee
nosiydernabix FO.B. Jlunaukom, M.I'. Kpeitnom u E.A. TopunbiM 1 jijist OJI0KUTETHHO
OIpPEJIETIEHHBIX U XapaKTePUCTUICCKUX (DYHKITHIA.

JUTEPATVYPA
1. Junnux FO. B. Paznoxenne BeposiTHOCTHBIX 3aKOHOB. J1.: VI3, Jlemunrpaackoro yausepcurera, 1960.
2. Pamavandpan B. Teopusa xapakrepucruueckux dynkmmit. M.: Hayka, 1975.
3. Jlyxaw E. Xapakrepuctmieckre dbynkmun. M.: Hayka, 1979.
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4. I'opun E. A. TlooxurenpHo onpeaenéHnbe pyHKIMN KAK HHCTPYMEHT MATEMATHIECKOro anam3a // OyHIaMeHT. U IPHUKJL.

marem. 2012. T. 17, Ne 7. C. 67-95.
5. IHeswwnti A. B., Cumnukx C. M. Crporo mojoxureapHo onperesnéHube ¢yrkunu, HepasernctBa M.I. Kpeitna u E.A. To-
puna // "Hosble mHbOPMAIMOHHBIE TEXHOJOTMH B aBTOMATH3UPOBAHHBIX cucTeMax'. Marepmanbl BOCEMHAIIIATOTO HAYTHO-

npakrudeckoro cemunapa. 2015. Mocksa: Uucruryr npukiaanoit maremaruku um. M.B. Kengpima PAH, C. 247-254.

H. B. Cmopoanna (Cankr-IlerepGypr)
smorodina@pdmi.ras.ru

AHAJIUTUYECKUE JIN®®Y3NOHHBIE ITPOITECCHI:
ONIPE/IEJIEHUE, CBOMICTBA, ITPEJIEJIbHBIE TEOPEMHI. !

Byner BBejieHO MoHsiTHE aHAJIUTHYECKOTO JudDy3UOHHOTO Tporiecca. Besikuit Takoit
IIPOIIECC SBJIAETCs 1IPEJIEJIOM HEKOTOPOM 11OC/IEI0BATE/IbHOCTU KJIACCUIECKUX CJIydaii-
HBIX OJTYKJIaHW, HO MTpEJIesT TOHUMAETCd He B TPaJIUIMOHHOM CMBICJIE CMBICHIE CIaboit
cxopumoctu Mep (Kak B Teopeme lonckepa-IIpoxoposa), a B eMbicse cxopumoct 0606-
IEHHBIX (DYHKIUIA.

AHajmrTudecKre mponecehl 00JIaJIal0T PsijIoM KHTEPECHBIX CBOWCTB. Bo-nepBbix, nx
TPAeKTOPUN BCEIJIA SABJSIOTCA KYCOUHO-TOCTOSHHBIMU (DYHKIUAME ¢ KOHETHBIM YHC-
JIOM cKadkKoB. Kpome Toro, cpegHee 3Hadenue Jo00ro (byHKIMOHAIA OT aHAJIATHIE-
CKOI'O IIPOIIeCcca OlPEJIE/IsieTCsl TOJbKO MPOU3BOJIHBIMU B OJIHOW €JIMHCTBEHHON TOUKE,
UMEHHO, Ha TPAeKTOPUU, TOXKJIECTBEHHO PABHOW KOHCTAHTE, COOTBETCTBYIOIIEH 3HAUe-
HUIO TIPOIEcCca B HYJIEBOW MOMEHT BpEMEHH.

C ucnosib30BaHreM aHAJINTHICCKNX (@ Y3UOHHBIX MTPOIECCOB YIACTCS TOJIYIUTh
BEPOSITHOCTHDBIE AIIIPOKCUMAIIMK PEIeHU IBOJIIOIUMOHHBIX ypaBHenuit Tuiia, [TIpéun-
repa, HO COJIEpKAIUX B MPaBOil YaCTU SJIUNTHIECKAN ONMEpPATOp ¢ TMepeMeHHBIM KO-
pdurmenTom.

V.V. Ulyanov (Lomonosov Moscow State University, Russia)
vulyanov@cs.msu.su

ASYMPTOTIC AND NON-ASYMPTOTIC ANALYSIS OF
NON-LINEAR FORMS IN RANDOM ELEMENTS *2

First we give short review on recent approximation results for non-linear forms in
independent random elements including asymptotic expan-sions (see, e.g., [1]). The
errors of approximations could be described either in asymptotic way as an order of
a remainder term with respect to number n of random elements or in non-asymptotic
form as a bound for remainder term with dependence on n, moment characteristics

1PaBora BhimoHEHa pu dbuHaHCOBO# noaaepxke PODU (npoekt 15-01-01453).
2This work was supported by RSCF 14-11-00196.
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and dimension p of random elements or observations (see, e.g., Chapters 13-15 in [2]).
The results are obtained by very different techniques.

We show that for most of these expansions one could safely ignore the underlying
probability model and its ingredients. Indeed, similar expansions and error bounds
can be derived using a general scheme reflecting some common features. This is the
universal collective behavior caused by many independent asymptotically negligible
variables. The following scheme of sequences of symmetric functions is studied (see
3)).

Let hy(e,...,en),n > 1, denote a sequence of real functions defined on R" and
suppose that the following conditions hold:

hn-I—l(gl) ey €4y 07 Ejtly ey En) = hn(€1, ey €55 EGTy veey En)7
0

a—gjhn(al, ey €y ooy En) =0 forall j5=1,..,n;

hn(Er(t)s s En(n)) = Pn(el, ...yen)  forall e Sy,

where S,, denotes the symmetric group. We give the applications of the results to
stochastic models as well, e.g. for high order U-statistics.

REFERENCES
1. Prokhorov Y. V., Ulyanov V. V. Some approximation problems in statistics and probability. // In «Limit Theorems in
Probability, Statistics and Number Theory» Ed.by P. Eichelsbacher et. al., Springer Proceedings in Mathematics and Statistics,
2013. Vol. 42. P. 235-249.
2. Fujikoshi Y., Ulyanov V. V., Shimizu R. Multivariate statistics: High-dimensional and large-sample approximations. John
Wiley and Sons Inc., N.J. 2010.

3. Gétze F., Naumov A., Ulyanov V. Asymptotic analysis of symmetric functions. // Journal of Theoretical Probability.
2016. Vol. 29. See also http://arxiv.org/abs/1502.06267

B. M. XameroB (MocksBa, HUY BIII9), E. B. fdconos (MockBa, HUIY
BIIID)
khametovvm@mail.ru, evyasonov@gmail.com

MUHNMAKCHASY OCTAHOBKA CJIVUAMHON
ITOCJIEJOBATEJIBHOCTU

1. Dkerpemasibias 3aja4a 00 ONTUMAaJIbHON OcTaHOBKE paccMarpuBasach B [1]. B
JIOKJIJIe MPEJJIAraeTcss HOBBII MOJX0/] K €€ PEeLICHUIO.

2. [Tycrnb wa croxactuaeckom 6asuce (2, F, (Fp)en, P), N=1,..., N, N < oo
— TOPU30HT, 3aJIaHbl COTJIACOBAHHbBIE CJTydaiiHbie Mocaea0BaTeqbHOCTH (X, Fp)nen U
(fr, F)nen- Hyers {T N en, 7 € TN — MHOXKECTBO MOMEHTOB OCTAHOBKH OTHO-
curesbuo Guabrparuu (Fy,)pen, TPUHAMAONIUX 3HAUEHHe B MHOXKecTBe {n, ..., N'}.
O6o3uatnM: 1) P — MHOXKECTBO BEPOSITHOCTHBIX Mep 9KBUBaJICHTHBIX Mepe P, Q € P,



«Copepxanue»

BepodaTHOCTHO - aHAIUTHYECKNE MOJIETIN U METOIbI 144

2) EQ¢(w f £(w)Q(dw) — mnrerpan Jlebera; 3) Lo(2, Fy) — MHOKECTBO OTpAHIICH-

HbIX fO I/ISMepI/IMbIX C.Hy‘{aI/IHbIX BCJIMYNH.

Paccmarpusaercs 3ajiaua

EQ - — inf su 1
f TeTN Qeg ( )

Pemennenm 3azaun (1) nasosém nabop (7%, Q*, 1Y) € T x P x Ly(Q, Fy) maxoii,
470

): (2)

v = ess inf ess sup EQ(f,|Fy) = E¥(
TeTN QeP

O6oznaunm V.Y = ess inf ess sup EQ( fanr | Fn).
TeTN QeP

Teopema. Ilycmv N < oo, sup |f;| < C < o0 P—n.n., P - caabo xomnarxmmno.
ne
Tozda das a06020 n € N cnpasedausve caedyrouue ymeepircoeHus:

1) vy = min | f;, eSS sup EQ(V,Jxrl]fn)] = min [fT, EQ*(Vﬁ_ﬂFn)}, vN=n = fn;
ep

2) 7 =min{n > 0: f, = v} — onmumarvroiti momenm ocmanosku;
TUTEPATVYPA

1. Reidel F. Optimal Stopping with Multiply Prior // Econometrica, Vol. 77, N3, 857-908 p.

. B. lIserkoBa (Pocros-na-/lony)
pilipenkolV@mail.ru

AJITOPUTM BBIYUCJIEHNA MAPTUHI'AJIBHBIX MEP,
YAOBJIETBOPAIOIIINX OCYXE, B CJIVHAE OJITHOILITAT'OBOI'O
PBIHKA CO CUETHBIM YMCJIOM COCTOSHUIT!

B jnokiagne paccmarpuBaercsa ouornaroseiit (B,S) - pbiHOK, KOTOpBIH 3ajaH Ha
bussrposannom npocrpancrse (Q,F), tie F = (Fy)i_,, Fo — TpuBHasbHasg o- aj-
rebpa, F1 — 0 - ajuredpa, nopoxkiéaHasi pasonenueM ) Ha Cc4ETHOE YKUCJIO ATOMOB B;,
i =1,2,3,.... llyecrb Z = (Zy, Fi)j—y — F - aganrupoBanublii cyuaiinplii nporecc
co suavennsimu: Zo(Q) = a, Z1(B;) = b, a € R, b; € R, i = 1,2,... (R — mHO-
KECTBO BCEX JICHCTBUTEBHBIX unces1). PaccMorpum cirydail, Korja cpejin 3JeMeHTOB
nocsieioBaTesbHoOCTH {b;}5°, BCero r pazaudHbIX (3 < 1 < 00) ¢ COOTBETCTBYIONIMH
kpatHoctamu my, 1 < k <7 (my, — ducyio, moKa3blBaoOIee CKOJIBKO pa3 3HadeHue by,
Berpevaercst B Habope {b; 132, 1 < my < 00). O6oznaunm uepes P(Z, F) muoxecrBo
HEBBIPOXKJICHHBIX BEPOSITHOCTHLIX MEP, OTHOCUTEJIBHO KOTOPBIX HPOLECC Z SABJISETCS

1 PaBora BHIMONHEHA TpH bUHAHCOBOH ToAepkKe PODU (mpoexTsr 16-01-00184 u 16-01-20092).
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MapTrHragoM. [Ipejnonaraercs, 9To UCXOAHDBIA PLIHOK SIBJISAETCs 6e3apOUTParKHBIM 1
HETOJIHBIM.

st mepexojia OT HENOJHBIX PBIHKOB K MOJHBIM MbI OYJ€M HCIOJL30BATH METOJI
CHENUAJLHBIX XaapPOBCKUX WHTEPIIOJIAINI, IpeInoIaraionyii cymecTBOBaHue MapTHH-
raJIbHBIX MEP, YAOBIETBOPSIONINX OCIa0JIEHHOMY CBOICTBY YHUBEPCAJbLHON XaapOBCKOM
equucrsennoct (OCYXE)[1]. B noknage Oyaer npejicraBieH aaropuTM BbIYUCTUTE b
HBIX IIPOLEYP JJIsl HOJIYUYCHUsI MaPTUHIAJbHBIX MeP, 00/1a1ai0luX 9TUM CBOHCTBOM.
B ocroBy 9TOr0 aqropurMa moJoyKeHa wjes, IpejcTaBieHHas B pabore [2].

TUTEPATYPA

1. Janexany A.I., IHasroe U.B. O6 ocnabreHHOM CBOWCTBE yHUBEPCAIBHON XaapoBCKOil emmucTBeHHOCTH // O6G03peHme

npukJI. u npombinia. marem.,M.: 2004. T. 11, Ne 3. C. 506-508.
2. Ilasaos U. B., Illampaesa B. B., I[eemkosa H. B. O cyueCTBOBAHNN MAapPTUHTAJILHBIX MED, YIOBIETBOPSIONINX OCJIA0IICH-
HOMY YCJIOBUIO HECOBIIQJIEHUSI OAPHULIEHTPOB, B CJydae CYETHOTO BEPOSITHOCTHOrO npocrpaHcrsa// Teopust BeposiTtHOCTEH U €€

npumenenns. 2016. T. 61, Ne 1.

E.T. 9y6 (Pocros-na-/lony)
elenachub111@gmail.com

CTOXACTUYECKALI MOJEJIb NHEPIIMAJILHOM
HABUTAIIMOHHOII CUCTEMBI B ®OPME «OB'BEKT -
HABJIIOOATEJIb» !

B nannoii pabore mpejicTaBiieHa HOBasl CTOXACTUUYECKAsl MOJIEIb JBUXKEHUS THPO-
cTabMIN3UpPOBAHHON 11aT(GOPMBI B (pOpMe «00bEeKT - HabJII0aTe/by, KOTOpas MOXKeT
OBITH MCIIOJIB30BaHa B IMOJBUKHBIX M3MEPUTEIbHBIX CHCTEMaX, 00eCIeunBaommnx 0e3-
OIIACHOCTD JIBUXKEHUsI 2KEJIE3HOJIOPOXKHOIO TpaHCIopTa. KaHOHUYEeCKUA BUJI MOJIEIU B
napamerpax Pompura-I'aMmmiabrona nMmeer Bu:

m = F(m,t)+ Fy(m,t)é, Z = gqm + Wy,

rie
F(m, 1) = %(I)(m)(R L UDMVT(1)Gat

+(D(m)VT(1)G)" @ D(m)VT(1)G ),
Fiy = |9(m)(UD(m)VT ()Gt

+HD(m)VHN)Ga)' Q@ D(m)VT(1)G4:®(m)),

PaBora binonnena upu dbunancoso nopuepxke POOU (npoekr 16-01-20092).
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¢ = [wiW|T, w — BexTOp CIyUaHBIX BOZMYINAIONMX YCKOPEHUil, HAIPaBJICHHBIX 110
OCSIM I'MPOCKOIIMYECKOTO TPeXI'PaHHUKa 1 OlncbiBaeMblii B obIiem ciydae BI'TI ¢ nyie-
BbIM MATEMATUUYECKMM OXKUJIAHUEM U U3BECTHOW Marpuiei unrencusuoctu Dy, (t); W,
W, — BI'lll ¢ HyneBpIMU MaTeMaTHICCKUMU OXKUJTAHUAMUA U MaTPUIAMA WHTEHCHUBHO-
ctu Dy (t), Dw. (t). Bekrop q = |Cy, C1, Cs, C¥| cocrour uz 610K0B, cocraigioniye
JJIsl KOTOPBIX V] = (2[% + 2[% — )Gy + 211G — 2lgl2GE, v5 = 211Gy + (2[8 +
203 — 1)Gp + 2llaG R, v} = 2leG N — 211G, + (213 — 1)GE, a kKooppuHaThl — 6JI0KK
COOTBETCTBEHHO:
Co = 2|mov} + mgvi — movi, mav} + movi + myvi, movy — myvi + moui|?, C =
* * * * *|T _ * x| T _ * *|T
2|my v + mavs + msvi, movy, mavi|t, Coy = 2|0, movy, msvi|', C5 = 2|0, movi, mav;|*.
JlanHast MOJIeJIb YIIPOITAET MCIIOJb30BaHUe COBPEMEHHBIX CYOOINITUMAIbHBIX METO/IOB
0bpaboTky nHQMOpPMAIUK U YIIPABICHUs B MOJBUKHBIX U3MEPUTEJIbHBIX CUCTEMAaX.

B. B. IITampaesa (Pocros-na-/lony)
shamraeva@mail.ru

HOBBIT METO/I TIOCTPOEHUS MAPTUHTAJIBHBIX MEP,
VIOBJIETBOPAIOIINX OYVHB, B CJIVIAE CUETHOTO
BEPOITHOCTHOTO TTPOCTPAHCTBA'

Pacemorpum dbubrposannoe npocrpanctso (,F) ¢ opnomarosoii gunbrpanueit
F= (Fo, F1) , tue Fo = {Q, @}, a Fi nopox,iena pasduenuem ) Ha CUETHOE UUCIIO
aromoB B;, i € N = {1,2,...}. Paccmorpum F-ajanruposanubiii ciydaiinbiii npo-
necc Z = (Zn, Fn)t_o. BBenem obosnauenus: Zg = a, Zi|p, = b;. Ipeanonoxum,
YTO BBIIOJHSIOTCA CJejyromye ycaopus: by < by < by < by; KaxKjj0e U3 3TUX UHUCesI
BCTPEUAETCs B MIOCJIEI0BATEIbHOCTH b5, bg, . . . OECKOHEUHOE YKCJIO Pa3, a JAPYIUX dUCe
B 9TOH TMMOCe0BATENIbHOCTH HeT; by < a < by. JI71s1 HEBBIPOXKIEHHOI BEpOATHOCTHOI
mepbl P na JFp O6yjem ucnosib3oBarh obosuadenus p; = P(B;), i € N. Bynem rooputs,
97O Takas Mepa P yjoierBopsieT ociabJIeHHOMY YCJIOBWIO HECOBIaeHWsT DapuIleH-
tpos (OYHB), eciu Vi € N u st siroboro nabopa unjiekcos J C N\{i} ¢ koneunbim

bjp;

nonosinenueM J = N\J Bbinosinsercs HepaBeHcTBO b; "'eip} .
J

jeJ

Jlemma. Ecau Vk > 1 svnoansomes nepasencmea

(by — b1)par—3 > (b3 — b) Zp4j—1 + (by — bo) ij,
=k =k

1PaGora Bbimonnena npu dbunancopoit nopgepykke PO®U (npoekrs 16-01-00184, 16-07-00888, 16-01-20092).
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(bs = b3)par > (b3 —b1) Y pajos+ (bs—ba) Y pajoa,

j=kt1 j=k+1
0 0

(bs — b1)par—3 > (ba—bs) > paj, (bs — ba)pa—2 > (bs — b3) > puj,
j=k j=k

(b3 — ba)par—1 > (by — by) Z Paj—3, (ba — ba)par. > (b — by) Z Paj—3,

j=k+1 j=k+1
mo mepa P ydosaemsopsem OVHD.

Teopema. Ecau nesvipoosrcdennan mapmurzasvras mepa P npouecca Z ydosaemeo-
PAEM. YCAOBUAM AeMMbL, Mo ona ydosaemesopiem OYVHD.

Ormerum, uro B [1| gaHHbBIi pe3ynbTaT MOJIYYeH JINIIb JJist PAIMOHATBHBIX b; cOBEp-

MIEHHO JIPYTUM METOJIOM.
JUTEPATYPA

1. ITasaoe HU.B., I[eemxosa U.B., IIlampaesa B.B. O cymecTBOBaHNN MAapTUHTAJIHHBIX MeEp, YIOBJIETBOPSIIONINX OCIA0/IeH-
HOMY YCJIOBHIO HECOBIIQ[IEHUs OAPUIIEHTPOB, B CJIydae CUETHOIO0 BEPOSTHOCTHOI'O IIPOCTPAHCTBA. Teopusi BEpOATHOCTEH U ee

npumenenus. 2016. T. 61. N1.

E. A. Shelemekh (Moscow, Russia)
letis@mail.ru

CALCULATION OF EXOTIC OPTION IN INCOMPLETE
{1, S}-MARKET WITH DISCREET MEASURE (A FINITE NUMBER
OF STATES)

Suppose in incomplete {1, S}-market [1] price of risky asset follows Markov chain
{S 00 Sn = Spn_1(1 4 pn), Spln=o = So, where {p,}n>0 are iid. and V i = 1,1:
pi 2 Plpn=a)>0 —1 < a;<o00,a; #0, p1 + ... +p = 1 (Condition 1).
Let’s use designations [1|: 1) NV is for horizon; 2) {7, C'} is for a self-financing portfolio
with consumption and X, for its capital at a moment n € {0,..., N}; 3) 7 is for a
Markov moment with values in a set {0,...,N}; 4) fo(z) : R" x {0,..., N} — R" is
for a bounded Borel function. Then fran(S-an) is a payoff of exotic option [2].

Theorem. Suppose Condition 1 is satisfied and there is portfolio {m*, C*} such that
Vne{0,...,TANN}:

1) its capital

Xy = ey fo + 1{T>n}{PZ+1X§+1(Sn(1 + @ir 1)) + @ X (Sn(1 + ajiiﬂ))};

X =N = fn, where p | = |aj:+1|
n— - 7 -
m ‘ai2+1|_+"aj2+1

* Ay * .
‘7 dni1 = 1 — Pn+1s



«Copepxanue»

BepodaTHOCTHO - aHAIUTHYECKNE MOJIETIN U METOIbI 148

2) quantity of risky asset

f}/:z—i—l = [X;-i-l (Sn<1 + aj:hq)) _ ;;-l-l (Sn<1+ +ai;+1))} / [Sﬂ(aj;+1 o a’i:ﬂwl)}’ 78 = O;
8) quantity of risk-free asset 55, = B — Av: 1S, B = X;
4) consumption ACY. | =5 1 ASp1 — AX), Cf =0, where i, j:

max {—'aj| X (Sn_l(l -I—ai)) + el X (Sn—l(l "‘aj))} = pZX;(S“—l(l +ai?‘»)) T

1<i,j<l |a;[+]a;| " n |a;[+]a;| " n
X (Sn_l(l + + aj;i))7 aixaj: < 0. Then X7,y = f-an and for any other superhedging
portfolio {m,C} it holds, that X} < X,,, n € {0,....7T A N}.

Theorem provides a way to construct a perfect superhedging portfolio with minimal

capital for exotic option in stated above {1, S}-market.

REFERENCES
1. Shiryaev A. N. Fundamentals of Stochastic Financial Mathematics. Volu-me 2: Theory [in Russian]. M.: Fazis, 1998.

2. Hull J. C. Options, Futures And Other Derivatives. Pearson Prentice Hall, 2009.
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Cexknuga V

buoundopmaruka n mareMaTndeckoe
MOJIeJINPOBAaHNIE
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X. Abaynpaxman, B. A. Ckopoxonos (Pocros-na-/lony)
abdulrahm.haidar@gmail.com, pdvaskor@yandex.ru

O PACIIPEAEJIEHUN PECYPCHOI'O IIOTOKA B
ABYXPECYPCHBIX CETAX

PaccmoTpum pecypcHbIe ceTH, BepIIuHAM v; KOTOPBIX MPUIKACAHbI HEOTPUIIATETbHBIE
YHUCJIA qz.1 u qf, U3MEHLIONeCcd B JIMCKPETHOM BPEMEHM W Ha3bIBaeMble BeJIMYUHAMMU
COOTBETCTBEHHO IIEPBOIO 1 BTOPOTO pecypca B BepinnHe v;. COCTOSTHIEM CeTH B MOMEHT
BpPEMEHU { Ha3bIBAETCS BEKTOD

(40N (a0 (o
CO=\gmn ) \an ) aw

CripaBeIJIuBbI CJICJIYIOINIE TEOPEMBI:

Teopema 1. /s odnopodroti deycmoportetds noanoti cemu ¢ d8ymsa pecypcamu U
das 106020 cymmapnozo pecypca W = Wy 4+ Wy ecau nocaednuti menvwe aubo pasen
CYMMAPHOT, NPONYCKHOT cnocobrocmu 6 cemu, mozda npu A000M HAYAAYHOM COCMO-
AHUL, NEPELLT U 6TOPOT PECYPC PASHOMEPHO PACTPedesatomes 6 sepuwunar cemu. Hx

y Wy Wy
BEAUNUHDL A4 KAAHCAOT 6EPUWLUHDL COOMBECIMBEHHO PAGHL —— U —. B npomueHom
n

n
CAYNAE NPU A10OOM HAUAADHOM COCMOAHUY CEMU, 6 KOMOPOM TOMA Obl 6 06YT 6EPULU-
HAT PECYPCHL HE PABHDL, BLIPAGHUBAHUE PECYPCOB HE NPOUCTOOUM.

Teopema 2. B necummempuunots dsycmoportet: nosnot cemu ¢ nemaamu, 06yma
pecypcamu U 00not nPonyckHot cnocobnocmbvlo od 4106020 HAUAALHOZO COCTNOAHUA U
M100020 cymmapnozo pecypca W = Wi + Ws, cywecmsyem maroti momenm epement,
NOCAE KOMOPO2O GHNOANAIOMCA, YN0 CYMMA NEPE0O20 U 6TOPO20 pecypca (¢ = q; +q7)
MEHDULE, YEM CYMMG BLOOHOT NPONYCKHOT CNOCOOHOCU OAA KaHCOOT GEPUUHDBL V;
HEKOTMOPO20 NOOMHONCECTNEA BEPULUH CEMU.

PazpaboTranbl MeTO/IbI HAXOXKJEHUS TOPOTOBOTO 3HAYEHUs U MPEJeTHLHOTO COCTOSI-
HUS B HECUMMETPUYHBIX JIBYCTOPOHHUX TIOJIHBIX CETAX C METJIAMU, JBYMS PECypCaMu u
JIBYMS TTPOTTYCKHBIMY CTIOCOOHOCTSMU, TJIE TIOPOTOBOE 3HAUEHUE STBJIAETCA KOJTHIECTBOM
[IepPBOTO pecypca, Ui KOTOPOro IEepBbI pecypc M BTOPOW pecype paclpeiesIsdioTcs
HE3aBUCUMO JIPYT OT JIPYyTa.

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

MOAEJINMPOBAHUWE CIINMPAJIBHBIX BOJIH B AOPTE

CHI/IpaJIbeIe TCUYCHNA KPOBH B KPYIIHbBIX KPOBEHOCHbIX COCY/JlaX aKTUBHO N3y 4al0OTCA
CO BTOpOﬁ ITOJIOBHHDBI ITPOIIJIOI'O CTOJIETHA. CYHJ;GCTByeT pas IPpUYXUH BpalllaTE€JIbHBIX
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TeYeHUil KPOBU, HAIIPUMED, B JIEBOM KeJIyJ0UKe cepiria 3TO 3aKpydeHHasd GpopMa cTe-
HOK YKeJIy04YKa.

B Jlokjajie NpuBOJMTCS MaTeMarrudeckast MOJIEJIb KOPOTKUX CIHUPAJbHBbIX BOJIH B
aopTe, MOCTpOeHHasT coBMecTHO ¢ mpodeccopom FO.A. Yerunoseim. Mojesb ocHOBaHA
Ha ypaHenusx Hapbe-CTokca m ypaBHEHHSAX TOHKON yHPYTOil M30TPONHONE 006010Y-
k. CrimpaJibHbIe BOJTHBI B BOCXO/ISIIIEH a0PTe BhI3BAHBI 3aKPYIEHHBIM TOTOKOM KPOBH,
[OCTYIAOIIUM U3 JIEBOI'O 2KEJIYJI0UYKa CePLLA.

OKCIEPUMEHTHI TIOKA3aJIM, YTO B a0PTE€ MOXKHO BBIJIEJIUTH CPEJIHUN CTAIMOHAPHBI
MOTOK >KMUJIKOCTH. DTOT TIOTOK MOJICJUPYETCs B TIepBOM cirydae TedenueM Ilyaseiisis, a
BO BTOPOM CJIy4ae - PABHOMEPHBIM ITIOTOKOM KM JIKOCTHU, OIPAHUYECHHBIM [TOI'PAHUYHbIM
cnoem bBrazmyca Ha crenkax cocyna. Ha ¢done 3TOro moroka BBIIENAIOTCS JITUHHBIC
IIYJILCOBLIE ITPOJIOJIBHLIC U CIIMPAJIbHbIE BOJIHBI.

CrpaJibHbIe BOJTHBI PACCINTAHBI UNCICHHBIMU ¥ ACUMIITOTHIECKIMEU MeTogamu. [1o-
Ka3aHo, 4YTO JIJIMHHbIE CIIMPAJIbHBIE BOJIHBI JIOKAJIM30BAHbI B IIOI'PAHUYHOM CJI0€ BOJIM3U
CTEHOK aOPTHI U BBI3BAHBI YIPYTUMHU CBOMCTBAMHU CTEHOK cOCY/IOB. KopoTkue cnimpasib-
Hble BOJTHBI 3aIlOJTHAIOT BCe TONEepevHoe cedeHre KPOBEHOCHOTO cocyna. Kpome sartmx
BOJIH, PACCUUTAHbI U KBa3UCTAIMOHAPHBIE MOJIbl, KOTOPbIE B I'JIABHOM MPUOJIN>KEHUN HE
3aBUCAT OT BpEMEHH.

[TokazaHo, 9TO KOMOMHAIMK CIHUPAJBHBIX MOJI MPUBOJAT K PA3JUUHBIM CIIOCOOAM
3aKPyINBAHUS XKWJIKOCTH BO BpeMs cUCTOJbl. CUCTOA - 9TO oniHa n3 (a3 cepaednoro
IMKJIa, 8 UMEHHO, COKpallleHue cep/iia. Paccunran ojiuH U3 BapuaHTOB 3aKpPyUnMBaHUs
KUJKOCTA BO BpEeM:d CHUCTOJIBI, KOT/Ja KUJIKOCTH BpalllaeTcd B OJHOM HallpaBJICHUU,
KpoMe HeOOJIBIIIOro MPOMeXKYyTKa BpeMeHU, B TedeHHe KOTOPOTO BO3HUKAET 0OpaTHOe
BpallleHne. JTOT PEXWM ONWCAH B JIMTEPATypPe W TOATBEDPIKJIEH IKCIIEPUMEHTAIBHO.
[Tokazano, 4To cTaluMOHaAPHbINA OTOK U JIJIMHHBIE 11POJI0JILHBIE BOJIHBI ABJIAIOTCH MeXa-
HU3MOM II€pPEeHOCa KOPOTKUX CIUPAJIbHBIX BOJIH.

H.B. Boes (Pocros-na-/lony)
boyev@math.rsu.ru

KOPOTKOBOJIHOBAS INU®PAKIINY ITPOJIOJIBHOI BOJIHBI HA
TPOAKOIIEPVMOJINYECKOIN CUCTEME IIIAPOBBIX
IIPEIIATCTBUN B YIIPYI'ON CPEJIE !

Meromamu reomerpuieckoit Teopun pudpaknuu (I'T/1) ncenenoana 3amata o mpo-
XOKJICHUH IIJIOCKOM YIIPYTOil IIPOJIOJILHOM BOJIHBI Yepe3 TPOAKOIEPHOINIECKYIO CUCTe-
My TBEPJbIX IIAPOBBIX BKJIOYECHUH, HAXOAAMNUXCA B KyOe u3 ynpyroro marepuajia. C
OJIHOI M3 9TUX T'paHeil B KyO BBOJUTCS ILJIOCKAsT BHLICOKOUACTOTHAsI, MOHOXPOMATHIE-

1PaBora Boimonmena npu dbrHAHCOBOH momaepxkke Poccuiickoro Hayunoro ®onma (rpamT Ne 15-19-10008).
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CKag IpOJOJbHAdA yIpyras BOJIHA, & Ha MPOTUBOMOJIOXKHON I'PaHU MPUHAMAETCI IMIPO-
1ejias mpoJioJibHas BoJiHa. [lajiarorias miockast ynpyrast BOJHa 3aMeHsieTCsi HAOOPOM
TOYEUYHbBIX UCTOYHUKOB C(HEPUUECKUX TPOJIOJIbHBIX BOJIH. Kaxkiyio cdhepuieckyro BoJI-
HY, PACIPOCTPAHIIONIYIOCA B TEJIECHOM yIJie C BEPIIUHON B UCTOYHUKE, HAIPABJICHHOM
B CTOPOHY IPEIHSITCTBUI U CTATUBAIOIUMCS II0J1ycepoil 3aMeHsieM CHCTEMOI COOTBeT-
CTBYIOIIUX PaJIMaJbHbBIX JIydeil paclpocTpaHeHus TPOJIOJIbHON BOJIHBL. Takum oOpasom,
1po0JieMa, CBOJIUTC K MCCJIEJIOBAHUIO 3214l KOPOTKOBOJHOBOW JiuppaKkiiu yIpyrux
BOJIH B JIOKaJIbHOI mocTaHoBKe. CyMMapHOe IoJjie Ha I'DaHK IpUeMa PacIpPOCTPAHSIIO-
[IUXCA YIPYTUX BOJH CKJQJIBIBACTCA W3 JIy4eil, MporelmX 4yepe3 CUCTEMY I1apoB,
KOTOpbIE MOT'YT OBbITh TPEX THUIIOB: JIy4d, HPOIIEJIINe Yepe3 CUCTEMY MPEHsTCTBUM
0e3 audpakium; Jy9d, OTPA3UBIINECS OT CHUCTEMbl OJUH WU KOHEYHOE UHUCJIO Pas.
OjiHOKpaTHasE U MHOI'OKpaTHas AUQPaKIUd IPOJIOJbHONR BOJHBI HCCIEJIYETCSI B PaM-
Kax MOJIM(PUKAIIMN UHTETIPAJILHOTO TTPEJICTABICHU MTepEeMEIleH B OTParXKEHHON BOJIHE
Jusnueckoit reopun judpaxinun Kupxroda. [lojyueno anajimruyieckoe BbIpaxkeHue
JIABHOT'O YJIeHA aCUMIITOTUKH MEepEeMeIeHnid B TOYKe IprueMa MHOTOKPATHO OTParKeH-
HOI1 IIPOJIOJILHOI BoJIHBI, KoTOpoe coorBercTByer I'TJI. Takum obpaszom, B JIOKaJbHO
IIOCTAHOBKE 3a/1a4” JijId KaXk[0ro Jiyda pacdeT IepeMeIleHuil B IIPOIIe/ el yIpyron
POJOJILHOI BOJTHE Ha T'PAHU IpHeMa IPOXOJIUT B JIBa dTala. Ha mepBom srane pemnaer-
cd TeoMeTprieckasd 3ajiada. PaccauThIBalOTCA TPAGKTOPUU KarK]I0I0 OJIHOKPATHO HJIN
MHOTOKPATHO OTParXEHHOro Jiyda. Ha BTOpOM 3Tare Ha OCHOBE MOJYUYEHHBIX SBHBIX
BbIPaXKeHU# BBIYUCIIAIOTCA pajiMalibHble lIepeMelleHnst B ToOYKax lpuemMa OJHOKPaTHO
1 MHOTOKPATHO OTPaKEHHDLIX JIYUYeil U BBLIYUCIACTCI CyMMapHOe IOJie MepeMeIleHnii B
IPOIIE/IIIeil IIPO/IOJILHOI YIIPYTOil BOIHE.

V. A. Getman (Rostov-on-Don, Russia)
vagetman@sfedu.ru

LONG PULSE WAVES IN BLOOD VESSEL

Long waves in a fluid which fills a cylindrical tube with elastic border have been
studied by many authors since the end of the nineteenth century [1, 2|. An important
contribution to the study of the theoretical aspect was made by the Russian physicist
[.S. Gromeka [2]. Literature review on this subject is provided in a well - known
monograph by T.Pedley "Hydrodynamics of large blood vessels"(1983) [1].The calcula-
ted phase velocity of the waves in a liquid in an elastic tube is well proved experimentally.
Prof. Ustinov Yu.A. was the first to investigate long helical waves in a blood vessel with
the anisotropy of walls [3].

Long longitudinal and spiral waves were calculated on the basis of the Navier-Stokes’s
system and the dynamic equations of a thin elastic isotropic membrane, taking into
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consideration infinitesimality of a viscosity coefficient. Some small parameters arise
upon transition to dimensionless variables. The parameter connected with viscosity is
proportional to the thickness of the boundary layer arising by the wall. The second small
parameter is inversely proportional to the phase speed of the Mouensa-Kortevega wave.
A well-known method to calculate long waves with the use of a slow axial coordinate
is applied. Asymptotic expansions are presented in the form of a series based on the
degrees of the second-order small parameter. In the main approach there is a linear
problem which serves the basis to calculate the long waves propagating in the steady
flow. The velocity vector of this flow has only one nonzero component (Poiseuille’s
parabola), directed along the cylinder axis. It is shown that amplitude longitudinal
velocity component at the beginning of a systole grows in time, reaches a maximum,
and further on, in the second half of a systole, decreases to zero. At the end of a systole
there is a inverse flow zone, this zone being localized in a boundary layer. The speed
of a countercurrent tends to zero when it leaves the boundary layer, and approaches a

vascular wall.
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1. Pedley T. Hydrodynamics of large blood vessels. // - Academic Press, 1983. 400 p.
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3. Ustinov Y. A. Model of helical pulse motion of blood in the arterial vessels // DAN. 2004. T. 398. Ne 3. Pp. 71-76.
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O TOUKAX ®EPMA-IIITEMTHEPA B BAHAXOBBIX
ITPOCTPAHCTBAX

Bsenenue. Ha naockocmu dawve mpu mouxu A, B u C wne aescawue na 0dnotl
npamot. Hatimu mouxy M, cymma paccmosnuts om komopoti do smux moyer 0vlia
Ovl MUHUMANDHOT.

Ora 3asiada Pepma-Toppuuesin-Ilreiinepa nacaursiBaer 6osee 350 jer. Ona, mosry-
YpJia OIPOMHOE IIPHUKJIAJHOE 3HAUEHUE [T0C/Ie HINPOKOro npuMmenenus cereir [reitnepa
[1,2], npuuem B pasHbIx 33jauax PacCTOsTHUE MEXLy 00HEKTaMU B CETH M3MEPSIOCh B
Pa3/IMIHbIX METPUKAX.

st obrero umcsa Touek n > 4 aHAJUTHIECKOIO PellleHusl B O0INeM ciydae, JJis
onpesnesiennss koopaunar touku (PII) ¢ onTumanbrOit cymmoil 10 (DUKCHPOBAHHBIX
TOYEK B HACTOsIIIee BpeMs Her. JacTuuHoe perieHue ecth B pabore [3].
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Paccmorpum uzBecTHbIE TPOCTPAHCTBA lév, 1 <p < 0. C merpukamn

|

N 1/p
= Z|ck|p st 1< p < oo, u HBHZ = max |cg|.
p o0

Sagaua 1. B xoopdunamuoir 6aHax066LT NPOCMPAHCMEAT ONPEIEAUMd KOOPIUHA-
mor mouku M, cymma paccmosnutd 6 passuaHvlr Mempurar om xomopot do dukcu-
posannvir n mover (Ay, Ag, ..., Ap) MunuMaAOHA.

B jiokj1a/1€ 0TMEIEHO, 9TO MOCTPOEH AJITOPUTM YUCJIEHHOTO ONPEJIEJICHUST KOOPIMHAT
toukn (PIII) st npou3BOIBHOM METPUKH, HAIIPUMED JIJTst TPOCTPAHCTB [y, 1 < p < 00

MeTpI/IKI/I B KOHEYHOMEPHOM IIPDOCTPaHCTBE 9KBUBAJICHTHDI.

3amaqa 2. [Ipu xaxux yerosuar xoopdunamo, mowky D.T.II. bydym passuimos npu
UBMEPEHUU PACCMOANUL 6 PASAUMNHLLT MEMPUKGT 6 MHO2OMEPHOM npocmparcmee? U
kozda amu mouku cosnadym.

YrBepxkaeHue. i npasusvbHbE MHO20Y20AHUKOE € YUCAOM Gepuwiun n = 2k
mouku 6 3adave (PII) 6 mempukaz ly, ly, I cosnadatom, a das nomepos n = 2k + 1
KOOPOUHAMbL UL PA3NUMHDL,

YTBepKAeHre JIETKO MOy IUTDh, PACCMATPUBasA CUMMETPHUIO0 OTHOCUTEIHLHO 00pa3yio-

IUX €JIMHUIHBIX “TapoB”’ B npocTpaHcTBax i, lo, .
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OB YCEYEHHOII MATPUIIE MHIIMIEHTHOCTHU MOJJIEJIN
JIMCKPETHOM TMMHAMMWNYECKONM CUCTEMBI

B pabore B kauecTBe MaTeMaTUUECKON MOJIE/IH, TO3BOJISIONIEH MOJIEJIMPOBATH CJI0XK-
HbIe IUCKPETHDbIC IMHAMUYCCKUE CUCTEMbI C TTapaJlJICJIU3MOM, PACCMATPUBACTCS MO/JICITD
Iletpu co Bpemenem — Bpemennas cethb Ilerpu. Ilpm sTom, mccaeaysa BO3MOXKHOCTH
peayunpoBanus JetajibHoit Mozgenan Ilerpu ucciepyeMoit JUCKPETHONR JTUHAMUYECKOM
CUCTEMbI C HOMOIIBIO BbIJIECJECHUsI B HEll COCTaBHBIX KOMIOHEHT [1] u nosiyuenus pejy-
IIIPOBAHHONI MOJIEIM — KOMIIOHEHTOW ceTu [leTpm co Bpemenem [2], [OJIYY€H HOBDLIA
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MHCTPYMEHT YCTAHOBJICEHHSI CTPYKTYPHBIX CBOWCTB BpeMeHHOU cetu Ilerpm mcciemye-
MO¥ CHCTeMBbI — yCedEéHHast MATPUILA WHI[AIEHTHOCTH.

Yceeuénnasi MaTpHIla MHIUIEHTHOCTH BpeMeHHo# cetn [lerpu, oTHOCHTEIBHO MATPH-
bl HHIUIEHTHOCTH JIeTAJILHON BpeMeHHoi cetn llerpu mcciemyeMmoil cucrteMnl, mpe-
CTaBJIIET COOOI MATPHILY, C MEHBIITUM YUCJIOM CTPOK, UTO JOCTUTAECTCs BBEJICHHEM IIpa-
Buuia "ckirenBanus". [lo aromy mpaswity niponcxonnt "ckienBanne' Tex ¢TPOK MCXOMHOIM
MATPHUIIl MHIIMJACHTHOCTH JIeTaJbHOI BpeMeHHO# ceTn [leTpu, KOTOpbIE COOTBETCTBYIOT
MecTaM, 00JIaIaloIUM OOIIUM BPEMEHHBIM CBOMCTBOM IIOJIYUEHUs U JIUIIEHUs (DUIIIEK.

WucrpymenT — yceueHHast MATPUILa WHIIAJJIEHTHOCTH MO3BOJISIET UCCJIEIOBATH CTPYK-
TYpHBbIC U JUHAMUYECCKAE CBOMCTBA WCXOJHON [MEeTAaJIbHOW MOJICJN JTUCKPETHON JrHa-
MHUYECKO# cucreMbl. [Ipr 9ToM paszmep MATPHUILI HHIIAIEHTHOCTA YMEHBIIEH Ha THCJIO
OJIHOBPEMEHHO (DYHKIHOHUPYIONIUX YIACTKOB JeTaJbHON BpeMeHHoit cetu Ilerpu, BoI-
JleJIeHe KOTOPBIX YYUTHIBAET crienupuaecknii crnocod pyHKIIMOHUPOBAHMST ITOW CETH,
MOJICJIUPYIOIIEH cucremMy ¢ mapasuien3MoM. dTo Ha srame MOoJIydeHus] CTPYKTYPHbBIX
XapaKTepPUCTUK UCKII0YaeT ' JTUITHEE' TOCIe0BATEILHOCTH CcpabaThIBAHUI IepexXoI0B
JleTaJibHOI Bpemennoit cetu llerpm.
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GRAPH-LATTICE. WAYS AND RANDOM WALKS

Graf-lattice has vertices at the points of the plane with integer coordinates i.e. in
the set Z x Z, where Z - the set of integers. From each vertex of the first quadrant
(Zy x Zy, where Z,- the set of non-negative integers) leaves two arcs: horizontal
and vertical neighboring vertices (right and top). In each of the other quadrants the
graph-lattice locally isomorphic to its subgraph on the first quadrant. On the arcs of
the graph- lattice defined of transition probabilities. The transition probabilities for
the arcs coming out of the vertex are equals and are equal to the “one” divided by “the
number of arcs coming out of this vertex. Therefore, the transition probabilities on the
arcs emanating from the origin are equal 1/4, on the edges, leaving the vertices lying on
the coordinate axes are equal 1/3 and are equal to 1/2 for arcs leaving from the another
vertices. The lengths of all arcs are equal to one.

The problem of the number of paths of the length n, leaving from the vertices of
the graph. It is proved that the number of such paths, emanating from the origin, is
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equal to 4(2" — 1), from the vertices lying on the coordinate axes — 2" — 1, from the
vertices, lying inside the quadrants, — 2".

The same problem is considered in the case of restrictions on reachability of two
types: magnetic and mixed (see [1]) when restrictions are generated by either the
vertical or horizontal arcs of the graph-lattice.

We also consider the problem of the random walk on the tops of the graph-lattice
without restrictions on the reachability and with restrictions. In the first case, this
process is a Markov process, and if there are restrictions on reachability it is not a
Markov process. The results are an extension of the results of [2].
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MATEMATNYECKOE MOJEJTUPOBAHUNE ABUKEHU S
OBBAJIOB C UCIIOJIb30OBAHUEM KOHTUHYAJIBHOTO
OJIXOJIA 1

B nacrosiiiiee BpeMst OIleHKa pa3sMepoB 30H TOPaYKEHUsl, BbI3BAHHBIX 00BaJIaMU Mac-
Chl TOPHBIX [TOPO/I, ITPEJCTABJISIETCH aKTyaJIbHbIM HAy YHO-TTPAKTUUYECKUM UCCJIEOBAHM-
eM. OCyIecTBUTh TaKOE UCCIETOBAHNE BOSMOXKHO C HCIOJIH30BAHUEM MATEMATHIECKOTO
MojieupoBanus. Ha ceropuamnuii leHb i omucanus 0OBAJIOB UCIOIB3YIOTCS, B OC-
HOBHOM, TOJIBKO JIMCKPETHBIE MOJIE/IN, KOTOPhIE OMUCHIBAIOT JIBUXKEHUE MMOTOKA B BUJIC
JIBUPKEHUS COBOKYITHOCTH OTJ/ICJIbHBIX CTPYKTYpHbIX uactull. [Ipu srom orcyrcrsyer
MaTeMaTHIecKas MOJIEb, YUUTBHIBAIONIAS OXKUKEHUE ODJOMKOB, BBI3BAHHOE WX Xao-
TUYECKUM JBU2KeHnrneM. Kpome TOro, JUCKpeTHbIe MOJIEN MO3BOIAIOT MOJAETUPOBATD
OrPpaHUYEHHOE KOJIMYECTBO JIBUXKYIIUXCS 0DJIOMKOB.

B nannoit paboTe JIJIsT OMUCAHUS JIBUYKEHUS OOBAJIOB UCIOJb3YETCA JTBYXKHUIKOCT-
Has MOJIeJib, KOTJla JIBVPKEHWe MOTOKa BeIecTBa IMPEJICTABIAETCA B BUJE CILIONTHON
cpejibl. PaccmarpuBaercst jiBukeHue JIByx ¢as - raszoBoit u TBepjoit. s onucanus
OXKMKeHUs1 00JIOMKOB T'OPHOM 1OPOJIbl B HPOIECCE UX JIBUKEHUS 110 CKJIOHY MCIIOJIb-
3yeTcss KWHETUYeCcKas TeOpHs TPAHyIIpPHOTO Ta3a, KOTOpasd YUUTHIBAET XaOTHIECKOe
JBUXKEHUE 00JIOMKOB (BCJIEJICTBHIE UX CTOJIKHOBEHHUIT JAPYT C JIPYTOM U C TIOBEPXHOCTHIO
CKJIOHA) KaK B MJIOTHOM, TaK U B PA3PEKEHHOM COCTOSIHUM.

Sajiaua perajach B JIBYyMEPHOM HpubsmKennn. PaccmarpuBasicst CKJIOH, CONMPSIXKEH-
HBIl ¢ TOPUBOHTAJIBLHBIMU yYaCTKAMU peJibeda.

1PaBora BhrmoHEHa TpU bUHAHCOBOH Moaepikke PODU (npoekt 16-35-00147).
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Ob OJTHOM KJIACCE MHOI'OI'PAHHUKOB
C POMBUYECKUUMU BEPIIIVHAMNI

PaccmarpuBalorcsi 3aMKHYThIE BbIITYKJIbIe MHOTOI'DAHHUKU ¢ POMOUYECKUMK BEPIIU-
HAMM B TPEXMEPHOM €BKJIMJIOBOM MPOCTPAHCTBE.

Onpenenenune 1. Bepwuna MH0202paHHUKG HA3BLEAEMCH POMOUYECKOT, €CAU €€
36e30a cOCMOUM U3 PAGHVIT 00UHAKOBO PACTLONOHCEHHDLL DOMOOS.

Onpenenenue 2. Pombuueckan Sepuuna Ha3oi8AEMes CUMMEMPUYHOT, €CAl OHa
PACNOAOAHCENHA HA OCU EPAULEHUA MHO202PAHHUKA.

Onpenenenne 3. Pombuueckan 8epuiuna HaA3vi8GEMCEA USOAUPOBAHHOT, €CAU €€
36e3da ne umeem oowuUT INeMenmos co 36e300t A10001 dpy2oti pombueckots sepuLtHbl
MH0202PAHHUKG.

Ecnn paccmarpuBarb MHOIOIPDAHHUKM, KarKjiasi BEPIIMHA KOTOPOI'O SIBJISETCS CHM-
METPUIHOI POMOMYECKO, HO He N30JIMPOBAHHOMN, TO, KAK MU3BECTHO, KJIACC TAKUX MHO-
IOrpaHHUKOB MCUEPIIbIBACTCA JIByMsl MHOIOI'DAHHUKAMU: POMOMYECKUM JI0JIEKA3/IPOM U
POMOOTPHUAKOHTAIIPOM.

[IpruMmepoMm MHOTOrpaHHUKA C MU30JUPOBAHHBIMU CHMMETPUIHBIMU POMOMIECKUMU
BEpIINHAMU SIBJISCTCSA OJINH U3 IIapaJIIei03/IpOB-yIJIMHEHHBIH pOMOUYIECKU J10/1eKa3/Ip:
yepes3 KarxKJylo ero MmecTuyrojibHy rpaHb MPOXOJMT OCh BpallleHUsl MHOTOI'PaHHUKA.

B pabote jjoka3aH0,9T0 MHOIOI'PAHHUK C IIECTUYTOJIbHBIMEI I'PAHSIMU, OT/IEJISIONAME
CUMMETPUUHbBIE U30JIMPOBAHHBIE POMOMYECKHIE BePIIUHBI, ABJSIeTCs JTUO0 YIAIUHEHHBIM
POMOMYECKHM JI0JIEKA3/IpOM, JINOO JIBaXKJIbl YCEUEHHBIM HKOCa’dpoM. Kpome Toro, 1o-
Ka3aHO, KaK IIPU ITOMOIIM JIBYX HOCJIEI0BATEIbHBIX TPeoOpa30BaHuil YIJINHEHUsT POM-
003/1pa MOXKHO HOJIy4UTh POMOUYECKUI JIOIeKA/IP.
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JNOPEPEHIIMAJIBHA A MOJAEJIb SKOHOMMNYECKOI'O POCTA
PEI'MTOHA C YHETOM YEJIOBEYECKOI'O KAIINTAJIA

Nzywaercs mpobiaema MaTEMATHIECKOTO MOJICTPOBAHUS SKOHOMUIECKOTO POCTA Pe-
THOHA C YIETOM UeJOBEIeCKOro KannTaaa. Jesosedecknii kanurarn (cm. [1]-2]) asiser-
Cs1 MHTEHCHBHBIM TTPOM3BOUTENIbHBIM (haKTOPOM 9KOHOMUIECKOTO PA3BUTHS, BKIIOUaA-
FOIIUT BBICOKOKBAJIMPUIIMPOBAHHYIO YaCTh TPYJIOBBIX PECYPCOB, 3HAHUsI, UHCTPYMEH-
Tapuil WHTEJUIEKTYAJIbHOTO W YIPABICHICCKOTO TPYJA, CPey OOUTAHUs U TPYIOBOIl
nesitresbHOCTH. [loaTomy B mocsiesiree BpeMst GOJbINIOE BHUMAHWE YIEIACTCsT TTPODJIe-
MaM BJIMSIHUST YeJOBEYECKOIO KAUTAa Ha PA3BUTHE PEIMOHAJbHOR SKOHOMUKH, B TOM
quCae W TUHAMAYIECKOMY MOJICTMPOBAHUIO KAaK OJHOMY W3 Hambosee 3(DheKTHBHBIX
METOJIOB UCCJIC/IOBAHNS KAUECTBEHHBIX U KOJMIECTBEHHBIX XapaKTEPUCTUK MOBEICHNUS
CJIO’KHBIX 9KOHOMUYECKHUX W COIUATBHBIX CHCTEM.

CocraBuM MyJIbTUILIMKATUBHYTO TPEX(DAKTOPHYTO TPOU3BOJICTBEHHY IO (DYHKIIUIO HEO-
KJTACCUTIECKOTO THIIA;

Y(t)=A@®)- K@®)* - [L(T)-Ht)]'", 0<a<l. (1)

Buech: Y (t) — dynknus soinycka, K (t) — kamuran, H(t) — denoBedeckuii Kamurad,
A(t) — mexuuveckuii mporpecc, L(t) — Tpyu, t — BpeMsi, @ — 3JIACTUIHOCTH KATTUTAJIA.
Beegem obosmauenus: A = A(t)/A(t), y = Y(t)/(A(t)L(t)), zuHamus
k= K(t)/(A(t)L(t)), rpynossie nasbiku | = 1/A(t), h = H(t)/(A(t)L(t)).
[Ipusesem mogiesb (1) k gudpdepenipanboMy BULy
Y'(t) K(1) L'(t) H'(1)
— = tao—+1—-—a)—/+ (1 —a)—/. 2
R R I N 2)
C ucnosbzoBannem juddepeHnuanbHoi Mojgesn (2) 1 CTaTucTHYecKuX JaHHbIX Obl-
JI0 MCCJIEIOBAHO JTUMHAMUIECKOE TTOBEIEHNE SKOHOMIIECKOTO pocta Kpbima.
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2. Maxapos B.JI. O9konomuka 3uanuit: ypoku juist Poccun // Becruux PAH. 2003. T. 73, No 5. C. 450-456.
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ITAKET BBICOKOITPOMU3BOANTEJIbHBIX ITPOT'PAMM /J1JI4
OBPABOTKU 'EHOMHbBIX JAHHBIX

[TpejicraBiier makeT BbICOKOINPOU3BOJMUTE/BLHBIX MPOIPAMM Jijisi PaDOThI ¢ HYKJICO-
TUJHBIMU HOcjeoBaTebHocTsIMU. [laker paspabarbiBaercsa B FOxxnom DenepaibHOM
Yuupepcurere. B maker BXOIUT HECKOJIHLKO MOJyJIeH [Jist psijta 3ajad ononndopmaTy-
KM, BKJIIOYasi COBPEMEHHbIE TIOCTTeHOMHBIE 3aa49u. Haunbosiee pecypcoemkue pacdaerol
ONITUMU3UPOBAHBI C MOMOIIBIO CHEIUATBLHBIX CTPYKTYP JAHHBIX U MapajIebHOrO BbI-
nosirenus. acts momysmedi mocrynua mo cern (http://mmes.sfedu.ru/bio/).

[Taker BRJOYaeT B cebst JiBe PeasM3allii aJropuT™Ma MapHOro BhiDaBHUBAHU (T~
paJiie/ibHbI OJIOYHBINA U I1apaJlie/ibHbIi OJIOUHBIH € ONTUMAJILHBIM MCIIOJb30BaHUEM
MaMSITH) U YYATHIBAET BO3SMOXKHOCTU MYJIBTHUIIPOIIECCOPHBIX CUCTEM U YCKOPUTEJICH .

TecTbl TPON3BOANTEIHLHOCTH TOKA3AJM, ITO BLIUTPHINT B MMPOU3BOINTEIHLHOCTH TIep-
BOTO aJITOPUTMa, 110 CPABHEHWIO C KJaccuiecKuM ajropurmvoMm Hujvana-Bymima mo-
ket jocrurath 60% u no cpasuenuio ¢ nporpaMmmoit EMBOSS — 30%. Bropoit anro-
PUTM BbIPaBHUBAET JIJIMHHBLIE ITOCjeoBaTebHOCTH OblcTpee, yem EMBOSS Stretcher
na 40%.

Mojiysib 11OMCKa MOTHBOB Jijisi YCKOPeHHsi paboThl KUCHOJIb3yeT 0000IIeHHbIe Cyd-
(pUKCHBIE JIepeBbsl OTPAHUYEHHOMN IIYOUHBI, UTO MO3BOJISIET JIOCTUYDL YCKOPEHHS B OIIPe-
JeJieHHbIX cuTyanuax o 10-20 pa3. Yckopenme mporpaMMbl ITOMCKa MOBTOPAIONTAXCS
y4aCTKOB I'eHOMa peaJsin30BaHo Ha ocHoBe VP-jepena.
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MaJbHBIM ucnonb3oBanueM naMst. // CoBpemenHsie npo6iems! Hayku u obpasosanus. 2012. Ne 6. URL: http://www.science-
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MACHINE LEARNING APPROACH FOR SOLUTION OF THE
HANDWRITTEN DIGITS CLASSIFICATION PROBLEM

We solve the problem of creating and training the neural network [1], [2], designed
for classification of handwritten digits images.

The investigation was done using MatLab computing environment.

As input data there was used a set of marked 5000 grayscale images of handwritten
digits of 20 x 20 pixel size. The regularized logistic regression model was used to solve
the problem. As an activation function there was selected the exponential sigmoid
function.

There was constructed a neural network with the following architecture:

1) the first (input) layer consists of 401 neurons (corresponding to the number of
pixels in the input image and bias);

2) the second (hidden) layer;

3) third (output) layer of 10 neurons (corresponding to the number of markers).

To configure the network weights, there was used the backpropagation algorithm [3].

The database elements were randomly permuted. The first 4000 marked images were
taken as the training set, the remaining marked images were used as the test set.

After 50 iterations the training accuracy was about 95.5%, the test accuracy was
about 92.5% (this may vary up to 1% due to randomization of the input). The higher
accuracies may be obtained by training the neural network using more iterations. For
instance, after 1000 iterations the training accuracy becomes about 99.5%, the test
accuracy becomes about 94%.

REFERENCES
1. Haykin S. Neural Networks: A Comprehensive Foundation. M: Williams, 2006.
2. Galushkin A.I. Neural network: basic theory. Moscow, Telecom, 2012 (Russian).

3. Galushkin A.I. Synthesis of multilayer pattern recognition systems. Moscow, Energiya, 1974 (Russian).
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THE DEEP LEARNING:TWO PROBLEMS ‘!

N
1
We must to evaluate the min F'(w) = N Z fi(w) on the deep learning. The N is
i=1

the sample value, w € R? is the weight vector of the neural network. If we will use the

IThe reported study was partially supported by RFBR, research project No. 14-01-00579 a.
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gradient method: wg.1 = wi — @ VF (wy), then we will face with two problems. The
iteration price of the G-method is NL(D), L(D) - number of operations for the gradient
evaluation. For the deep neuron net N and L(D) are large. Look for on the first problem
(large ). The stochastic gradient method (Robins and Monro, 1951) is an alternative
to the gradient method. The iteration step is: wy41 = wip — oV fe(wy). The random
variable ¢ is uniform distributed on the set N={1,...,N}. The iteration price of the SG-
method is L(D). The error for the G-method is 7, = F(w;)—F(w,) = O(C*),0 < C <
1 and is ry = EF(wg) — F(w,) = O(1/k) for the SG-method. The difference between
the geometrical and the linear speed of the convergence can compensate the difference
between iterations prices. The stochastic average gradient method (SAG, Shmidt at all,
2013) is a compromise between the speed and the memory. On the first step we evaluate

N
1
the N components yi = Vfi(wg), the first direction g; = NZ@/}, and the first
1

approximation w; = wg — a191. On the iteration step we evaluate the next direction,

1
the next approximation: g = gx_1 — Nygk_l + NVfgk(wk_1), Wi = Wk—1 — Gk, and

change the one component: yéfk = V fe,(wig—1). The sequence & is i.i.d. with common
distribution as £. For SAG the memory size is ND and the convergence is the same
as the gradient method. The modified SAG is SAG with step-by-step accumulation of
components. On the first step ygl = Ve (wy), yj = 0 for i # &. The first direction
is g1 = Vfe (wy), the first approximation wy = wy — a1g1. On the iteration step:

N 1
g = —(Mg_195-1 — yfk B 4+ —Vfe, (wi_1), wi = wg_1 — akgr, and change the one
my my

mi-1, g, | #0

mi—1 + 1,y§k_1 =0
my = 1. This method is faster then SAG on first iterations and is same as SAG
on large iterations. The second problem is the large number calculation to evaluate
the gradient V f;(w) in any point w. To solve the second problem we will change the
gradient on the empirical gradient. For this let’s consider the point w neighborhood:
Bp(w) = {v € RP : |v; — w;| < h}, and select the subset P,(w) = {z;} of the
orthogonal, (2, — w, 2, — w) = d;, boundary points of the neighborhood Bj(w),
|Pr(w)| = D. Let’s vectors z; = w + hu;. The components vectors u; equal -1,0 or
1. To construct orthogonal vectors u; we can use the Harr algorithm. The empirical

component: yfk = Vfe (wr—1). The normalize factor my = {

~ 1
gradient V fj(w) = EAflUFZ'. The matrix A is the diagonal matrix with diagonal

elements a; = (u;,u;), columns of the matrix U is u;, and components of the vector
Fi: Fij = fi(zj). Matrix A and matrix U are not depending on the iteration, and
the calculation price of the empirical gradient is O(D?). Thus we announce the deep
learning method, which decide two problems of the iteration price. The iteration price
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of this method is O(D?).
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ABTOMATU3MPOBAHHBIN BHIBOP MOJIEJI IIOTOKA
OIIINBOK B NTH®OPMAIIMOHHOII CUICTEME OIIEHKU
IIPUMEHNMOCTHU IIOMEXOYCTOMYNBOI'O KOAUPOBAHI Y

st perienns 3a/1a4n COIVIACOBAHUs TApaMETPOB MTOMEXOYCTONINBOTO KOJIEKa U Xa-
PaKTEPUCTUK KaHaJa CBsI3W yJI0OHO MCIOJIH30BaTh MH(MOPMAIMOHHBIE CHCTEMbI OIEH-
KU IPUMEHMMOCTH CXeM aJiredpandeckoro nomexoycroirausoro kojguposanus (UC OII-
CAITIK), ocHoBaHHBIE HA UMUTATIHOHHOM MO/ICJTMPOBAHUHN TOMEXOYCTONINBBIX KAHATIOB
cesizn (mampumep, C «Kanams [1]). Ilpn cocrabiennn sddekTrBHOM mapbl Kojek-
KaHaJI JIJIsT 3aJ]aHHOTO KaHaJia CBSI3M BaXKHO, I4TOOBI MOJies b KaHasa cst3u B VIC Oblra
aJIeKBaTHA pPeaibHOMY KaHaJIy, JJIs KOTOPOro mojbupaetcs Kojek. [loaromy nHeobxo -
MO YMeTh MOJAOUPATh MOJIETh IMOTOKA OIMUOOK I PeajbHOTO KaHaJja Tepeiadn JTaH-
HbIX. Perenune 3Toit 3amadn B 00mIEeM ciaydae 3aTPyJIHUTEIHLHO, OJHAKO BO3MOXKHO B
YACTHBIX CJIy4dasiX, HAIIPUMED, JIJIsi CKPBITHIX 10JIyMapKOBCKUX MojieJeit [2].

B noxkmazne pacckaszpiBaercsa o moguduranun crpykrypol 1C OIICAIIK ¢ yuerom
HCIIOJIb30BaHMS CKPBITHIX MOJYMapKOBCKUX MOJiesiell B KauecTBe 0Da30BbIX MoJiesieil nc-
TOYHUKOB OIMMOOK ¥ NMPUMEHEHUs] MeToja 10j00pa MOJEIN UCTOTHWKA OIMUOOK JIJIst
KOHKPETHOTO KaHaJ1a CBS3N.

Pesynprarnt paborer wacrnano omybsukoanst B 1], [2], [3].
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PA3BUTUE JUHENHBIX MOJAEJIEN MHTEJIJIEKTYAJIBHOTO
AHAJIN3A JAHHBIX C UCIIOJIb30BAHUEM
Q-TNOOEPEHIINPOBAHU S

VnreniekTya bHbIil aHAIN3 JTAHHBIX ABJISAETCA OJHUM W3 BaXKHBIX W COBPEMEHHDBIX
HAIPABJICHUN PAa3BUTHUS TEXHOJOIUI UCKYCCTBEHHOI'O MHTE/JIEKTA. o XxapakTepHbiM
LIPUBHAKOM siBJisieTcst 00paboTKa nH(OpMaIu C BbisiBJIEHUEM B HeHl 1J1yOUHHBIX KJITOUe-
BBIX TTPU3HAKOB Ha, OCHOBE WCIIOJb30BAHNS HETPUBUAJIHHBIX W HECTAHIAPTHBIX TPUEMOB
AHAJIN3a, NCIOJIB3YIONIEr0 HEKJIACCHIECKIe TPHEMbl BhIanucenuii[l].

MaremarunaeckumMu MOJIEJISIMEU IUPOKOIO KJIacca 3aJ1ad MHTEJJIEKTYaJbHOIO aHaAJII-
3a JIAHHBIX SIBJISTIOTCSI CHCTEMbl JIMHEHHbIX ypaBrenuii. [1,2]. Vx peanusarus cpsiza-
Ha C HEMOJIHOTOM MCXOJHBIX JAHHBIX, 9TO 3aTPY/AHIET UCIOJIH30BAHUE TPaTUITUOHHBIX
aJaroputMoB ux periennsi. OCHOBHbIM (DAKTOPOM, MPEHSTCTBYIONMM TOYHOMY periie-
HUIO, SIBJISIETCS 11JI0Xasi 00YCJIOBJIECHHOCTD 3a/a1u. B padore npejioxkena Mo uKarimst
BapuanroHHbIXx MeTo10B penierns CJIAY ¢ ucnonp3oBaHuneMm amnmapara (-UCIACICHHS
12,3]. Ona 3akmouaeTcs B U3MEHEHUH TIOJIX0/[a K PACUETY UX MAapaMeTPOB, TAKUX, KaK
mrar ciycka. [lokazano, 9To 1mMopsijloK (-1IPOU3BOJIHON, (DUTYPUPYIONIEH B UTEPAIOH-
HOM TIPOIIECCE, MOXKET 3aBUCETH OT JIOMOJHUTETbHBIX YCJIOBHUH CBA3U MEXKJTY PeIleHus -
MU Ha TEKYIIell U CAeyIomeil uTepalusax. ITo jJegaeT MeTos OJIU3KUM K MEeTO/INKaM
pererust CJTAY, ncnonb3yromummM cornpsikeHHbie HatipaBsenus. [Ipu nposejiernn qnc-
JIEHHOI'O 9KCIIEPUMEHTA, T0KA3aHO, YTO MPEJJIOKEHHBIH OJIX0/1 JIJIs Psijia 33/1a9 MOXKeT
MOBBICUTH TOYHOCTH PEIICHUSI.
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O PEIAYIIMPOBAHUN, A3BIKAX I CMEXHBIX BOIIPOCAX
CETEMN IIETPU

[Ipu MojeupoBanun GpyHKITMOHNPOBAHUS MMapaJIeIbHBIX PACIPeIeJéHHBIX CUCTEM
IIPUXOIUTCA CTAJKUBATLCSI ¢ TaK HAa3bIBaeMoii mpobsieMoil "B3pbiBa cocTosnuii" | Korma,
[OJIHAST MOJIEJIb CHUCTEMbI CTAHOBUTCs HE0O03puUMO 00JibInoi. HUTo siBjsieTcsi cepbes-
HOM mpobeMoit st JanbHeifreit BepuduKainm IeTaIbHBIX MOJeeil pealbHbIX CH-
creM. [IpuMmeHeHue Juuist MOJIEIMPOBAHUS [TaPAJICTbHBIX PACIPEIETEHHBIX CUCTEM KOM-



«Copepxanue»

MuTennexkTya bHbBINH aHAIN3 JAHHBIX 165

nonenTHbix cereit [lerpu [1, 2| no3Bosisier ¢TpouTh aJIEKBATHBIE PEJLY IIUPOBAHHBIE MOJIE-
mu. Usydenne |3, 4] n cpaBHenue S3bIKOB TOCTPOEHHBIX MoOjeseli (MCXOIHOM TeTaabHOi
U e€ peJlyllMPpOBaHHOI ceTeit HeTpI/I) MO3BOJIACT UCCJIEI0BATH MTOBEICHYCCKNE CBOMCTBA
MOJIeJIell ¥ OCYIIECTBIIATH MMOMCK TPACC IIPUBOAANIMX K OIMIMOOUHBIM COCTOSHUSIM.

B npopomkennn n3ydeHust BOIPOCca 0 TOM HACKOJILKO ''cxoxkn'" I3bIKK TeTaabHoi Mo-
JICJTH UCCJIEJIYEMOI CUCTEMBI U €€ PEJIyIIUPOBAHHON KOMIIOHEHTHOW MOJIeJIN, BBOJIUTCS
nousiTue 1oj106ust sA3bikoB cereil [lerpu, kak npeobpazoanust sA3bIKOB cereil [leTpu,
OlIPEeJICJIEHHBIX HaJ OJHUM U TeM 2Ke ajpaBUTOM, MO3BOJISIIOIIEI0 BOCCTAHABJIMBATD
sI3bIK OJ1HOM ceTu [leTpu 1o sA3BIKY JpyToiil. YcTaHABIMBAECTCS, UTO PACCMATPUBAEMOE
peobpasoBaHue STBISIETCsT CIOPHEKTHBHBIM TOMOMOP(MU3MOM |, YTO TIO SI3bIKY PEIyII-
pOBaHHOI Mojiesin (KOMIIOHEHTHOH cern [leTpn) MOXKHO BOCCTAHOBHUTD SI3bIK €6 JIeTallb-
Hoit Mojenu [lerpu uccmemyemoii cucTeMbl, ITO MO3BOJUT MPOBOJNTH KAIeCTBEHHBIH
aHAJIN3 A3BIKOB paccMaTpuBaeMbix cereil Ilerpu.
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ON SOME ALGORITHMS OF EDGE DETECTION IN THE
PRESENCE OF NOISE

Edge detection is one of important steps in the problems of digital image processing,
image recognition and in the computer vision in general. The aim of edge detectors is
to find the points of the image in which there is a sharp change of brightness. These
points should be further combined in lines, which form the edges in the image. The
presence of the noise may complicate significantly the given problem [1].

The edge detection methods may be divided into several categories [2]. We mention
the following approaches: methods based on the search for maxima, methods based on
the search for zeroes, statistical methods, methods using fuzzy logic, methods using
dispersive phase stretch transform.

In this investigation, the edge detection is used at the stage of preparation of
initial data for detection of objects on X-ray images with the aid of the generalized
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Hough transform [3], whose temporal and spatial complexity depends essentially on
the number of points of interest on the image, so it is important to define the exact
boundaries in the noisy images. The features of the given application area also requires
the correct detection of the rounded borders as well as of the boundaries of varying
contrast.

We have implemented various methods of edge detection including the approaches
mentioned above. Evaluation of their advantages and weaknesses was made empirically
using the experimental set of images. The obtained results may be the basis for the
design of an automatic system for analysis of medical X-ray images.
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OB OTHOM TIOJIXOJIE K PEIIEHWIO 3AJTAYUN
ABTOMATMYECKOW KJIACCU®MKAIINN TOBAPOB HA
OCHOBE TEKCTOBOU MH®OPMAIIUN

ABTomaTnueckas KjacCupUKaIdsl TOBAPOB M0 KATETOPUSM SIBJISIETCS] BayKHON da-
CTHIO >KM3HEHHOI'O I[MKJIa TOBAPOB B JIEKTPOHHONH KOMMEDIIMH U KCIOJIb3YETCs JIJIst
MHOTHX TIOCJEIYIONINX STAIOB pabOThl ¢ TOBAPOM, TAKUX KaK IOUCK MOIXOMIAIINX TO-
BapOB, PEKOMEH/IAIUSX IIOXOXKUX TOBAPOB, IIOCTPOEHUE KATAJIOIOB U T.II.. DTa 3a/a4a
MOKeT ObIThH C(POPMYJIMPOBAHA, KaK 3a/a4ua 00yIeHUsI C YIUTEIeM, IJie KATerOpuu TOBa-
POB SIBJISFOTCSI TIEJIEBBIM KJIACCOM, & IPU3HAKAME - HEKOTOPBIE aTPUOYThI, U3BJIEUEHHbBIE
13 TEKCTOBBIX ONMUCAHWN TOBAPOB. BOJBINOE KOIUIECTBO KJIACCOB (HECKOJBKO THICSM )
¥ HAJUIME KJIACCOB C MAJICHBKUM THCJIOM OOBEKTOB B OOywdarorieii BbiOOpKe (Hampwu-
Mep, BCErO OJ[MH MJIK JiBa 00'beKTa) SIBJISIFOTCS JIOCTATOUHO TUITMIHBIME OCOOEHHOCTSIM I
MOJI00HBIX 33184 KJIACCU(PUKAIIUNT TEKCTOB.

Joknaa mocdamén ydactuio B MexaynapomaoMm copeBHoBannm «cDiscount 2015
product classification», rue pemasach 3ajiada MOCTPOSHUST AJTOPUTMA, OCYIIECTBIISIO-
IIEr0 aBTOMATHIECKYIO KJIACCU(DUKAIMIO TOBAPOB 110 KareropusiM. Opranu3aropbl KOH-
Kypca MpeOCTABIIIN OMUCAHUsSI MPOYKTOB, PACIOJIOXKEHHBIX Ha caiite |1| u 3asaqa
COpPEBHOBaHMS 3aKJII0UaJach B pa3pabOTKe CUCTEMbI, KOTOPasi OyJIeT OCYIeCTBIISATh aB-
TOMATUIECKYIO KJIACCH(DUKAIUIO STUX TPOILYKTOB.
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JLisi pelienusi 3aJ1a4u UCIOJIb30BAJIUCH JiHelHble Mojesin (u3 Obubiuoreku Liblinear
12]) B KauecTBe 6az0BBIX MOECi. PUHATLHOE perenye ObLIO B3BEIIEHHOH KOMOUHAITH-
eit HecKoJIbKUX 0a30BbIX Mojeseit. st kiaccnuKkaimym nCroib30BaJICS METOJT, «OJMH-
POTUB-BCEX >, KOIJIa 0O0bEKTHI OJHOIO KJIACCA OTHAENSAIOTCA OT 0OhEKTOB BCEX OCTaJIh-
HBIX KJ1accoB. JIJisi mOoCTpoeHmsI pelleHus] MCIO0Jb30BaJICs TOJbKO aHaJN3 TEKCTOBBIX
ONMUCaHU TPOJYKTOB (OPraHU3aTOPBI MPEJOCTABJSIIN U JIPYTUE JTaHHBIE, HATPHMED,
dororpadun TPOYKTOB, HO B JIAHHOM PEIIEHWN ITH JAHHbIE HUKAK HE WCIOJIh30Ba-
a0ck). Omnmcannoe perienne nokasaso 66% rodnocrn Ha CKpbITOR (private) TecroBoii

BBIOOPKE, UTO MO3BOJIUIIO aBTOPY 3aHATh 6 MecTo (u3 175 KoMamH).
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MODERN NEURAL NETWORK METHODS FOR TIME SERIES
PREDICTION

Time series are especially difficult to predict using the financial and economic data
as distinct from climate data [1]. The reason is because time series data are often
noisy, not-stationary, have high dimen-sionality and there are not always sufficient
information for analysis.

Recurrent neural networks are often used for time series prediction. Some versions
like Long Short-Term Memory (LSTM), as well as its generalization Gated Recurrent
Unit (GRU) can be marked. Such RNN allow to store and use information about
previous events for analysing subsequent events. This gives it a great advantage in
comparison with other neural networks provided that there are time dependencies
in the data [2]. Using of convolutional neural network (CNN) and its modifica-tions
has become a non-standard way for time series prediction. In [3] has obtained good
prediction results for trading strategy. CNN may also be useful for feature extraction
and next using them as input data for LSTM. Another interesting approach in solving
prediction problem is reinforcement learning [4], but significant results have not yet to
be received. The behavior of reinforcement learner needs further analysis. It should
be noted that the success of neural network applications depends on high-quality
preparation of the training data, which can be done using wavelet transform or Kalman
filter.

Modern neural network methods are not a panacea for prediction of complex time
series. The combination of different neural network architectures and design methods
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provides a more powerful model, which in some cases can improve the quality of the
prediction.
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AUTOMATIC ANALYSIS OF BLURRED IMAGES

The main aim of this research is based on comparison of image characteristics in
order to find blurred image criteria. Such analysis is based on the appearance of the
functions, defined in the area of oriented gradients histogram construction.

As the result of constructing and scrutiny of 200 images with different quality
and resolution, authors find, that common symptom of indicating blurred images, is
character of convexity or concavity of the gradient intensity values function.

If the image is sharp, it contains more abrupt tone transitions, so, the average values
will dominate in the distribution of gradient intensities. As a result, function, describing
such intensities, will be convex or it will be similar to linear function. If the image is
blur, values of gradients intensity will be few on the whole image. So, the gradients
intensity function will be “pulled up®, thereby changing the nature of the convexity from
a linear to concave function. Therefore, by increasing or decreasing the degree of the
image blur, the function will change the nature of the concavity is directly proportional
to image blur.

In more complicated situation - when image consists of blurred and sharp areas
- the function of a gradient intensity distribution can have an uncertain character
of convexity. The research found, that the gradient function changing of convexity is
strictly relative to the linear function, defined on the interval from the histogram peak
to its first zero value. Monitoring such changes of histogram intensities function with
comparison to described line function, make it possible to calculate image blur factor.

This results made it possible to describe screening methods and write image filtering
algorithm. The main qualities of proposed algorithm are high speed, flexibility, versatility
to the input parameters, and a wide range of further modifications.
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