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Coding of complex nonlinear states for Nonlinear Schrodinger
Equation with periodic potential

G.L.Alfimov, P.P.Kizin
National Research University of Electronic Technology “MIET", Zelenograd,
Moscow, Russia
e-mail: gamekoff@yandex.ru

The Nonlinear Schrodinger Equation with additional periodic potential U(x),

Wy = —Yue + U@y + oY%, (1)
o = =+1, U(x)=U(x+m)

arises in many physical applications including nonlinear optics and theory of Bose-
Einstein condensation. Its complex nonlinear states are of the form

(2, t) = u(z) exp{—i(wt + ¢(z))}

The equation for the real amplitude u(z) is

Upz + (w —U(x))u —ou® — — =0, (2)

where C' is an arbitrary real constant. The phase ¢(x) can be found from the
relation v?¢, = C.

We study numerically bounded solutions of Eq.(2) for the case o = 1
(“defocusing” nonlinearity) and cosine potential U(z) = A cos 2z. We make use of
a fact that the “most part” of the solutions of (2)) collapse (i.e. tend to infinity) at
some finite point xy € R. Therefore, the set of bounded solutions is quite scanty:.
We give a numerical evidence that for large areas in the space of parameters
(w, A, C) all the non-collapsing solutions can be coded by sequences of “letters”
of some N-symbol alphabet, where N depends of the parameters (w, 4, C').



Discrete spectrum of nonlinear modes in problem with singular
perturbation

G.L.Alfimov, E.V.Medvedeva, D.E.Pelinovsky
National Research University of Electronic Technology “MIET", Zelenograd,
Moscow, Russia
e-mail: elinamedvedeva87Q@gmail.com;
Department of Mathematics, McMaster University, Hamilton, Ontario, Canada,
Department of Applied Mathematics, R.E.Alexeev Technical University of
Nizhnii Novgorod, Nizhnii Novgorod, Russia

We discuss a hypothesis on existence of a countable set of heteroclinic
orbits connecting saddle-center points (also called “embedded solitons” in some
applications). In short, it can be described as follows.

Let a system of differential equations

Uy, = F(H,U),

2, = G(u,v)

where u € RY, v € R depend on external parameter ¢ and € < 1. Assume that
the system has a heteroclinic orbit for ¢ = 0 and that the corresponding solution
(u(x),v(x)) can be analytically extended into upper complex half-plane with the
closest to the real axis singularities given by a pair of points x = +a + 5. Then
there is a countable set of heteroclinic orbits for the singularly perturbed system
corresponding to the discrete set of values e, € = ¢, €1, €9, ... such that €, — 0
as n — oo and
o

- /2 — o+ TN’

En n=01,2..,

where g is a constant. We illustrate this statement by numerical results for several
nonlinear problems of various physical origin.

Numerical study of singularities for quasilinear ODE of forth order

G.L.Alfimov, A.A.Chernyavsky
National Research University of Electronic Technology “MIET”, Zelenograd,
Moscow, Russia
e-mail: galfimov@yahoo.com.

We study the distribution of singularities in the complex plane of the solutions
for model equation



Eq.(1) is quasi-homogeneous and can be reduced to the system

00 = 1 o0 )
(p2)e = p3s—2p1p2 (3)
(p3)y = 1—22712?3 (4)

with new independent variable v = fox Vu(€) dé. Singular points in the
complex v-plane of solutions of (2))-(4]) are branching points of the third order.
Asymptotically, they are arranged along straight lines and are equally spaced. The
Riemann surface of this system is multi-sheeted with quite sophisticated laws of
switching between the sheets when circling around a singularity:.

Returning to initial Eq.(I) one gets a “natural boundary” consisting of
singularities. It has a structure of fractal set of amazing appearance.

On homotopy groups of the 2-sphere

P.M. Akhmet’ev
Troitsk, Moscow region, IZMIRAN, Russia,
e-mail: pmakhmet@izmiran.ru

We discuss the following two basic results:

— The construction by V.I.Arnol’d (1989), which describes the homotopy groups
m,(S%), n > 2, as the homotopy groups of the space of real functions with
prescribed singularities.

— The construction by J. Wu (1994), which describes the homotopy groups
7,(S%), n > 4, as the group of the spherical Brunnian (n + 1)-braids modulo
plane Brunnian (n 4 1)-braids.

Theorem 1 Let F' be the space of functions f : R' — R! with ,right“ boundary
conditions, for which derivatives of the orders 1,2, and 3 are not degenerated

simultaneously. Define the mapping A : F — Q(R3\ 0), by the formula A(f) =
{2 (L) & f(x) d3f(w))}‘

de 7 dx? ° da3

The induced homomorphism A,, : m,(F) — m,(Q(R>\ {0})) = m,,41(S?) is an
isomorphism for n > 0.

Theorem 2 There exists an exact sequence of groups, n > 3:
0 — Brun,,3(S%) — Brun,,s(R*) — Brun,.s(S%) — m,41(5?) — 0.

Theorem 1 is proved by V.I.Arnol’d (1989) for n = 1 (the group my(S?)),
by V.A.Vassiliev (1989) for n = 2 (the group m3(5?)), by Ya.M.Eliashberg and



N.M.Mishachev (1994) for n > 3, see [I] Ch. 3.  Theorem 2 is proved, for
example, in [3], the sequence (1.1).

New results will be presented:

—algebraic properties of Cerf’s diagrams, see [2];

—an attempt by the author of applications of Theorem 2 for asymptotic
invariants of random spherical braids (mostly, the case n = 2, which formally
is not included in the theorem).

[1] V. A. Vassiliev, Complements of discriminants of smooth maps: topology and
applications, 2-d extended edition, Translations of Math. Monographs, 98,
AMS, Providence, RI, (1994) 268 pp.

2] P. M. Akhmet’ev, D. Repovs, M. Cencelj, Some Algebraic Properties of Cerf
Diagrams of One-Parameter Function Families, Funkts. Anal. Prilozh., 39:3
(2005) 1--13.

[3] V. G. Bardakov, R. Mikhailov, V. V. Vershinin, and J. Wu, Brunnian braids
on surfaces, arXiv:0909.3387v2 [math.GT] 12 Apr 2010.

OO0 oTcyTcTBUM penieHuil CTEIEeHHOTO POCTa HEKOTOPBIX
JIJTANITUYECKUX CUCTEM

C. BaiizaeB
Cubaiickuit uncruryT (dumnan) Bamkupekoro rocyrusepeurera, Cubaii, Poccns
e-mail: baisatb4@rambler.ru

B nokiaze paccmarpuBaeTcst 00o0IeHHas cucreMa Ko - Pumana Bujia
wz + a(z)w = 0, (1)

rie a(z) - dyHkus, onpejeeHnas B obactu G.

Jlyist cucrembr (1) cipaBe/IUBbI CJIEIYIOININE YTBEPIK ICHISI.

1) [ycrs dyuxims a(z) anTnanagnrudeckas B obgactn G u w(z)—HeHyIeBOE
perymsiproe B G pemterne cucrembl (1). Torma dyuxmms |w(z)| ne nmeer BuyTpn
obstacTnn G JIOKAJIBHBIX MaKCHMYMOB;

2) [lycrb a(z)— anTnaHaJuTHYECKNil MOJIMHOM CTeleHn n n w(z)—HeHyIeBoe
peryssipHoe Bo Beeil mockoctn perrerne cucrembl (1). Torma maiiayres Taxoe
GHCI0 T , 3aBUCHINee OT a(2), U IUCyo ¢, 3aBucsdmnee oT w(z) n a(z), 910 114
JI000TO T > Ty HMEET MECTO COOTHOIIECHIE

627’

max w(z)] = rﬂggflw(t)\ > e



3) Ilycte a(z)— anTnamaguTudeckuii mosunoMm crermenn n. Torma cucrema (1)
He MMeeT HeHyJIeBbIX Pellenuii, PacTyIuX Ha GeckoneaHocTn He ouicTpee uem |z| Y
(N- 1e/10e HEOTPUTIATETHHOE TNCIIO).

Ormernm, 910 ecn QYHKIS a(z) He ABAACTCA AaHTHAHAJNTUICCKOM, TO yTBEP-
#tenus 1) - 3) MoryT 6bITh HepepHbiMu. Hanpumep, npu a(z) = z|z|? cucrema (1)
nmMeer perenne w(z) = e 11"/2 s koToporo yreepieHns 1) - 3) mepecrator
ObITH BEpHBIMU.

KpBeBast 3a/1a4a 1jIss HArpy>KEHHOTO YPaBHEHUSI C T'UIepPOoIMIeCKNM
onepaTopom

Y.. bBanaraeBa
YPprenucKuil rocylapcTBeHHbBIN YHUBEPCUTET, ¥ prerd, Y30eKucTan
e-mail: umida baltayeva@mail.ru

PaccMorpum JinHeitHOE Harpy»KeHHoe HHTerpo-anddepennuaibHoe YpaBHeHe

0 & _
oy (Ugg — Uy — AU) — ,uz a;(z)Dyiu(x,0) =0, (1)
i=1
rie Dyl — omepatop apobnoro (B cmbiciae Pumana-JInyBuiuis) narerpuposamns

nopsijika «; npu o; < 0 u gapodbrHoro juddepenimpoBanns mnopsjika a; npu 0 <
a; < 1 1 3ajaercs popmy.ioii

L f f(t)ldt - o; <0
Dis () = { TEm) G

LDy f(x), 0<a; <1

[Ipennonoxkum, 910 oy < 1 < ... < ap = a < 1 u Ko3pdurmenTor a;(x) €
C10,1] N C3(0,1), X\, u— jeficTBUTENbHBIC TIOCTOSHHbIE, TpHUeM A > 0.

Ypasuenue (1) oTHOCHTCS K Kjaccy ypaBHeHwuil, mpejioxenabix B[1], [2]. Ha-
rpyzKeHHbIM JuddepeHnaabHbIM yPABHEHUIM, HAIPYKeHHAA 9aCTh KOTOPBIX CO-
JIePKUT JIMIL 3HAYCHNE MCKOMOIO PelleHns B (PUKCUPOBAHHLIX TOUKAX 001aCTH UX
3aJIaHMsl, TIOCBSIIeHa paboTal2).

IIycts D — obsacTb, orpaHudeHHas XapaKTePUCTUKAMU

AC:z+y=0, BC:x—y=1

ypasrennit (1) n orpeskom AB ocu y = 0.

B obiactu D paccmoTpum ciaeiyromnuit anajor 3agaun Komm-I'ypea st Ha-
Ipy’KeHHOro ypasuenus (1)

Bagaga(Komm-I'ypca). Haiitu peryssipuoe B obiacru D pererne u(z, y)
ypasnenus (1), Henpepbisaoe B D, 061a/atomiee HelPePbIBHLIMU IIPOM3BOIHBIMI
Uy, Uy BITIOTH 10 AB U AC'U BC' n yaoBieTBopsIoINice IPaHIYHBIM YCJIOBIAM
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uy(2,Y)| g = V(x), 0L o<1, (2)

du(z,y)

we )i = @), PO gy, 20D

AC on

=¥3(z),  (3)

BC
rjie . — BHYTPeHHsst HopMadib, ¥(x), ¥y (x), ¥e(x) — 3amanmbie byHKINH, IPHTEM

20(0) = v2u»(0) — ¢,(0),

v(z) € C[0,1] N C*0,1),4;(x) € C* [0, %] nes (0, %) , (4)

Po(z) € 0{0,%] N C? (o%) bs(z) € CEJ] N C? (%1) . (5)

Teopema. Eciu Boinosaenst yenosus (4), (5), To B obimactu D cyriecTByer
euHCTBeHHOE perente 3agaan Komm-I'ypea.

OtHo3HAYHASA PA3PEINMOCTD TOCTABICHHO 33/1a41 JOKA3UBACTCS € TOMOIIBIO
TEOPUH WHTErpaJbHUX ypaBHeHuii [3].

JIuteparypa

1. Haxywes A.M. O 3amaqde apOy /11 OMHOIO BBIPOZKIAIOIIEr0-Cs HAIPY KEH-

HOTO HHTErpo-jinddepeHImaibHoro ypapaeHusi BToporo nopsijaka. // Hudd.
ypasuenusi. 1976.-T. 12. -Ne 1. -C. 103-108.

2. Ucnamos b., Baamaesa V. 1. Kpaesble 3a1a4n JIJIsl HAIPYKEHHBIX U depeH-
[IAJILHBIX YPaBHEHUI TUIIEPOOTNIECKOTO I CMEMIAHHOIO TUIIOB TPETHEro Io-
psiika. // Vdumekuii mat. Kypraa. 2011. T 3, Ne3; ¢. 15-25. 200 c.

cI)yHKI_[I/II/I C OCOOEHHOCTSIMM Ha oTpe3Ke

P.A. Bamimakos
Bamkupckuii rocypapcTBennblii yuusepcureT, Poccust
e-mail: bashmakov rustem@mail.ru

B Bompocax, CBSI3aHHBIX C MPEJCTABICHUEM AHAJIUTHICCKIX (DYHKIMIT B BbI-
MyKJIBIX 06IACTAX PATaMu 0OOOMEHHBIX SKCIToHeHT (cM. [1])

F(z) =) cnf(An2),

BO3HUKAIOT 3aJladu 00 0coOeHHOCTSIX (DYHKIMU accolmupoBaHHOil 110 Bopeso ¢
dyukmmeit f.
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B pabore mpuBoJsTCH HEOOXOMMMbIE U JIOCTATOYHBIE YCJIOBUA, MPU KOTOPBIX
pyHKITHS

oo

n(t) - Z t:—tl

n=1

OyzeT nmeTh ocoberHocTn Ha orpeske [0, 1] BemecTBeHHOI ocH U Ha oTpeske [¢q, 1]
BertecTBerHoi ocu, e ¢ € (0, 1] ¢ HeKOTOPBIMIE OTIEHKAMU BOJIN3U 0COOBIX TOUEK.

lcenenoBanne BLIIOJHEHO IPU Hojepskke Munncrepersa obpasoBanus 1 Ha-
ykn Poccuiickoit @enepannu, cornamenne 14.837.21.0358.

[1] A. @. Jleourser [Ipedcmasaenue yeavx Gyrryut padamu 0600UWeHHuT KC-
nonenm.//Tp. Marem. un-ra AH CCCP. 1987. T.172. C. 215-234.

The impact of the external magnetic field on the nanostructured film
of polydiphenylenephtalide.

Yu.l. Bayanova N.V. Vorob eva
Bashkir State University, Ufa, Russia, IMCP URC RAS, Ufa, Russia
e-mail: Bayanova.uyliya@Qmail.ru

Sandwich heterostructures of the metal/ polydiphenylenephtalide type have
been studied before in the magnetic field in connection with the revealing of huge
magnetoresistance [1] The film of polydiphenylenephtalide (PDP) in the state of
high conductivity is the self-organized nanostructure with complex charge motion
through low-dimensional ways [2].

Therefore it must exist the direct influence of the external magnetic field on
the nanostructured polymer layer. This report is dedicated to the review of the
experimental evidences of such effects.

The particularities of conductivity switching are shown for the nanostructured
film of PDP in the magnetic field on the non-ferromagnetic substrate.

Current-voltage characteristics (CVC) are obtained and investigated for the
structure of Cu/PDP/Cu in the states of high and low conductivities. The state
of conductivity of the sample was tuned by the external pressure [3].

The effect of the external magnetic field (0.35 T') normal to the current on CVC
is revealed. The slope of CVC is decreased in the magnetic field for the dielectric
state of the polymer film. This effect can be referred to influence of the Hall effect.
The slope of CVC is increased in the magnetic field for the high-conductive state
of the polymer film in spite of the Hall effect influence.

The number of the experiments performed gives evidence that the external
magnetic field facilitates to the irreversible increasing of conductivity of the
polymer film. The similar effect of the electroplasticity in the magnetic field was

12



obtained also for semiconductors of silicon [4]. This effect is connected with the
charge motion in the magnetic field and needs further investigations.

[1] A.N. Lachinov, N.V. Vorobreva, A.A. Lachinov, JETP Letters, 84, 604, 2006.

2] V.M. Kornilov, A.N. Lachinov, A.F. Galiev, G.Sh. Sultanbayeva, E.R.
Zhdanov, L.R. Kalimullina, Proceedingsof the VIII International Conference

6 BroAmorphous and microcrystalline semiconductorsebx, S. Petersburg, 55
(2012).

[3] A.N. Lachinov, V.M. Kornilov, T.G. Zagurenko, A.Yu. Zherebov, JETP, 102,
640 (2006).

[4] A.R Velikhanov, Proceedingsof the XXII International Conference 6 BrwNew
in Magnetism and Magnetic Materialse T¥, Astrakhan, 129 (2012).

O du3myHOCTM HOBBIX TOYHBIX peIleHuil ypaBHEHUS CBOOOHOTO
pacTeKaHusd MJIACTUYECKOTO CJIOS HA MJIOCKOCTH.

H.A. BesioB, B.A. KaabimoB
Wucturyt IIpobiem Mexanuku nm. A FO. Unumackoro PAH, MAMI
e-mail: vkadymov@yandex.ru

B pabore uccienyrorcd Ha pU3NIHOCTH HOBbIE TOYHBIE PEIICHUS SBOJIONNOH-
HOI'O YpaBHEHUsI JIJIsi OIPeJIeJIeHNsT TPAHUIILI 00JIaCTH, 3aHATON PaCTEKAIONUMCS
MEYKTy COTMZKAIONTIMUCS YKECTKIMU TITUTAMU TIJIACTHIECKUM CJI0EM

O cymiecTBOBaHUM 3HAKOIIEPEMEHHBIX PEHIEHUN SJITAIITUYIECKITX
YPaBHEHUII C BBITYKJIO-BOTHYThIMU HEJIUHEHOCTIMA
B.E. Bo6kos
Uncruryt maremaruku ¢ BIT YHIL PAH, r. Yda, Poccus
e-mail: bobkovve@gmail.com

B orpanuuennoit obsiactu 2 C R", n > 1 ¢ KycouHo-IJIaJIKOI rpaHuIeil pac-
cMaTpuBaeTcsd 3ajiada Jupuxie ¢ BeITYKI0-BOIHYTOH HEJITMHEHHOCTHIO

(D)

—Au = Mu|"%u+ |u|"u, x € Q,
ufoo = 0,

el <qg<2<y<2.
Bagaue (D)) coorBercrByer (yHKIMOHAL SHEPIHL

1 A 1
I(u) :5/ |Vu|2d:c——/ \u\qczx——/ u[da.
0 q.Jq 7 Ja
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Bynem obosnauars Ly (u) := Dy, I\(u)(u, u).
[Tox snaxonepemennvim pewenuem 3anaan (D)) Oyxem noHEMATH TaKoe perie-
e uy € W, (Q), ast koroporo uf := max{0,uy} # 0 m u; := min{0,uy} # 0.
C TOMOITBIO CIIEKTPAJIbHOTO aHasm3a 1mo Meroy paccioenuit [1 2] BBognTes
CJEYIONINI CIIEKTPAJILHBIN ITapaMeTp

y—q

o4 =2) (7(2 _ q)>H

27,) 72
g (fQ V| dx)

2—q * <1)
veWo O} [ Joleda ([, |v]rdx) >

s Becex A € (0, \*) dyukumonas [, uMeer jBa HEIEPECEKAIOINXCSA CeMencTBa
KPUTHYECKUX TOYEK, Pasje/]eHHbIX 3HaKoM Ly, U OJHO CeMelcTBO KPUTHIECKUX
Touek, npu A < 0.

Teopema [lTycmv 1 < q < 2 < v < 2%, Toeda das 06020 X € (—o0, \*)
Cywecmeyem snaxonepemennoe pewenue uy = uy + u, € Wol’Q(Q) sadawu (D)),
makoe wmo Ly(uy) <0 u Ly(uy) < 0, npu amom uy umeem posho dse y3.a06vie
obaacmu.

Boaee mozo, cemeticmeo pewenutdl uy 00pa3yem HenpepuieHy0 6emeb Ha
(—00, A*) 6 cmoicae yposua Iy.

[1] S.I. Pohozaev, Proc. Steklov Inst. Math., No. 192, 157-173, (1990).
2] Ya. I'yasov, Proc. Steklov Inst. Math., No. 232, 150-156, (2001).

The Showalter problem for a class of weighted Sobolev-type equations

L.V. Borel
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: lidiya904@mail.ru

Let us consider generalized Showalter problem |[1]
Pu(0) = uy, (1)

for the integro-differential equation of Sobolev type

Lu(t) = Mu(t) + /.’K(t, s)u(s)du(s), te[0,T], (2)
0

where 4, U are Banach spaces, operator L € L£(;%0) (linear and continuous),
M € Cl(;0) (linear, closed and densely defined), p is a function with a
bounded variation on [0,7]. A solution of the problem (1), (2) is a function
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u € CY([0, T]; ), which satisfies the equation (2) on [0, T] and the initial condition
(1).

In the case of strongly (L, p)-radial operator M 2| for operator function X €
CPTE([0, T] x [0, T]; £(44;0)) and function with a bounded variation p : [0, T] —
R and for T" > 0 denotation

p+1 5"3(
F(T)=V{" () K(T)||L7'Qlleway Y  max |s G (£+5) +
o (€T t £(84:7)
A K
174 HMY(T — . /
+Vo (), max [HEM, Q)\Im,mnzot,gel%fcﬂ S (42 5) .

will be used. Here K (T') = max{K, Ke*l'}, K, a are the constants in the definition
of strong (L, p)-radiality [2].

Theorem 1. Let an operator M be strongly (L, p)-radial, uy € domM;, K €
CPHI(0,T] x [0, T); L(40)), 1 = [0,T] — R is a function with a bounded
variation, F(T) < 1. Then there exists a unique solution v € C1([0,T]; ) of the
problem (1), (2).

The designations for operators @), Ll_l, Mo_l, My, H can be found in [2].

[1] R.E. Showalter, Partial differential equations of Sobolev — Galperin type.
Pacific J. Math., 31, 3 (1963).

2] V.E. Fedorov, The degenerate strongly continuous semigroup of operators.
Algebra and analysis., 12, 3 (2000).

CrmmHoOBBIE BO30Yy2K/IeHsI B MAIHUTHBIX CUCTEeMaX C HEeOHOPOIHbIM
ocHOBHBIM coctosgaueMm nm ZIMP, kak MmeTo ero mcciaemoBaHUA

M.A. Bopuu, A.Il. TankeeB, B.B. Cmaruma
ucruryr dusuku meraawioB ¥pO PAH, Exkarepunoypr, Poccus
e-mail: borich@imp.uran.ru

[TpoBejieno nccsieoBanne CTaTHIECKUX U IMHAMIYECKIX CBOMCTB heppoMarte-
THKa 0e3 TeHTpa NHBEPCUU C AHM30TPOIIHE THITa “Jlerkas IJIOCKOCTD ;, TIOMEICH-
HOT'O BO BHeIIHee MaruuTHoe moJjie. MarauTHoe 1moJie B 9Tol 3a/1ade dBIAeTCS Kak
HNCTOYHIKOM HEJIMHEHOCTH, TaK U YIPABJISIIONIIM IapaMeTPOM. DHEPIusi TaKOro
deppoMarneTnka MoXKeT OBITH ITPEJICTABIEeHA B BUJIE CYMMbBI BKJIaJI0B HEOTHOPO/I-
HOI'O OOMEHHOI'0 B3aMMOJEHCTBISI, MAIHUTHON AHU30TPOIINN W B3aUMOJI€HCTBUSI
tuna Jzsirommackoro I, 2 B|, orBercTBenHOTrO 33 hopMuUpOBaHUE CIUPATLHOI
MarouTHON cTpyKTypbl. AAMP 37ech BbicTyIaeT Kak CTPYKTYPHBIN METOJ U KaK
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MEeTO/I ICCIeOBAHNS JNHAMIICCKIX CBOMCTB. /1 m3ydeHns MarHITHBIX CBOMCTB
paccmarpuBaeMbix cucreM Merogamu SIMP HeobxomuMo mpoaHan3npoBaTh I10-
BeJICHNE MaJIOAMILIUTY/IHBIX BO3MYIIEHU Ha (DOHEe OCHOBHOTO (HEOJHOPOIHOIO)
COCTOSTHHMS M OTKJIMK 9TUX BO3MYIICHUII Ha BHEIIHEE BO3JICCTBHE.

B pesymbrare mcciemoBaHns OCHOBHOI'O COCTOAHHS TOKA3aHO, UTO B MAJbBIX
MAIrHUTHBIX IIOJISIX SHEPreTUIEeCKHN BBIFOJHBIM SIBJISETCSI HEOIHOPOIHASI CIIUPA/Ib-
Hasl CTPYKTYypa. XapaKTePUCTUKU CIIIPAJIA OIPEACISIOTCS BeJIMINHOM ITPIIOZKEH-
HOT'O MArHUTHOI'O 110JIsI. B CHUJIBHBIX MOJISIX CIIMpaJibHas CTPYKTYpa IIpeodpasyeTcs
B 360° MOMeHHYIO CTEHKY (3apojblil HOBOI asbl). torn ncciemoBanus JuHa-
MUYECKON YaCcTU 3aJiadi CJjeyIoliie: pacCunTaHbl 3aKOH JIMCIIEPCUN BOJIH, KOM-
IIOHEHTHI TEH30Pa JUHAMHYECCKON BOCHIPUUMYUBOCTH, KOIPMUIIMEHTHI YCUICHNS,
unrerpajbHas ¢opma JmaIn AMP norsomenus. ITokazano, aro dhopma JuHUN
IIOTJIOMIEHNS CYIIECTBEHHO 3aBUCUT OT ITapaMeTpPOB CHUPAJIbLHON CTPYKTYPbI, KO-
TOpble KOHTPOJIMPYIOTCA BHEIIHUM MarHUTHBIM IoJieM. IlokazaHna BO3MOXKHOCTD
olpejiesIeHIsI XapaKTePUCTUK OCHOBHOI'O COCTOSHUS 110 (pOpMe UHTerpasibHOM JIi-
nnn AMP-norsomennsi.

Pabora yactuano mnojjepzkana [IpoekToM 110 mporpamme (pu3ndecKux MCcjie-

noannit YpO PAH Ne 12-V-2-1025 u [Ipoekrom PODU Ne 12-02-31814.

[1] B.H. ®ummmmos, A.Il. Tankees, Junamuyeckue sghexmove 6 deppomazremu-
ke ¢ domennot cmpyxmypot. M.. Hayka, 1987, 216 c.

2] FO.A. Usiomos, Judparyus netdmponos Ha OAUHHO-NEPUOIUNECKUT CTPYK-
mypax. M.: Aromusgar, 1987, 200 c.

3] M.M. @®apsraunos, Cnunosvie 60anvl 6 dheppo- u anmudeppomaeHemurar ¢
domennoti cmpyxmypoti. M.. Aromusznat, 1988, 239 c.

The static magnetic field as the source of the electric potential in the
spintronics devices

N.V. Vorob eva
IMCP URC RAS, Ufa, Russia
e-mail: vonv@anrb.ru

The effects often take place that are generated by the additional electric
potential, arising in the static magnetic field in the materials and devices of
spintronics. The appearance of such potentials explains the nature of the effect
of huge magnetoresistance in metal /polymer systems [1] or of the photomagnetic
anneal in yttrium-iron garnets (YIG) [2].

Since the static magnetic field itself cannot generate the additional potential
difference, the question arises about the nature of intermediary phenomenon
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that is responsible for the effect. The theory of arising of such phenomenon was
developed in [3]. The essence of the idea of the authors of [3] is in the accounting
of the relaxation processes that take place in the ferromagnetic material through
the notable time interval after the magnetic field switching on. The present report
is devoted to the review of application of the details of theory, developed in [3],
to the effects of the type of [1] and [2].

For ferrimagnetic YIG crystals the concept about the additional electromotive
forces that are connected with nonconservative spin motion explains the
appearance of the selected directions. The process is connected with the sensitivity
of the non-equilibrium charges to the change of geometric phase. Thus, the nature
of the uniaxial induced anisotropy turns out to be the same for all types of the
photomagnetic YIG samples and for all the considered ways of gaining of such
anisotropy. The additional electric field arises under the impact of the exposure
of the sample in the external static magnetic field or in the external magnetic
field with the incident light. This process leads to the nonequilibrium charge
redistribution in favor of the selected direction.

For the metal/polymer systems the basic factor that determinates the
appearance of the huge magnetoresistance is the deformation of the potential
barrier in the interface in magnetic field that leads to the change of the parameters
of the charge tunneling. The deformation of the potential barrier is also caused
by the additional electric potential in the interface.

The conditions of [3] are also fair for the interface of the metal/polymer
structure. This consideration is suitable so for huge magnetoresistance, as for
the low magnetoresistive effects in the metal /polymer interface.

[1] A.N. Lachinov, N.V. Vorobreva, A.A. Lachinov, JETP Letters, 84, 604, 2006.
2] J.F. Dillon, E.M. Gyorgy, J.P. Remeika, Phys. Rev. Lett., 22, 643, 1969.
3] S.E. Barnes, S. Maekawa, Phys. Rev. Lett., 98, 246601 (2007).

OneHka ITPOMEe>KYTOYHBIX ITPOU3BOIHLIX HA TJIAJAKOM JayTre

laiicun A.M.
Uncturyt maremaruku ¢ BII VHII PAH, r.Yda, Poccus

Hepapencrna, cBsasbiBaronue Mexk1y coboil Bepxame rpanu MYHKIUH U 1 e
HePBBIX IPOM3BOIHBIX Ha BCell psamMoit ObL1n Brepsbie ykazanbl A.H.Koamoroposbim
(1938), a noszjnee - A.Topubiv (1939). Cxomupiit pesynprar nostyamn A.Kapran
[1, t. VI, 1.3, 3ameuanue nepesogunka Ha ¢.206 |. [ljist KOHEUHOrO OTPE3Ka COOT-
BETCTBYIONINE OIeHKN ObLau mnosyuenbl Kapiaemanom, A.lopubivm 1 A.Kapranow.
OxkasbIBaeTcs, 3TN Pe3yIbTAThI JOMYCKaIoT 0000IeHne 1 Ha Caydail MIaJIKnx JIyT.
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Teopema. [lycrs v — miajkas ayra, sajannas ypasaernem x = g(y) (A <
y < B). Ecu f € C"2(v), npuyewm:

1) max|f®(2)| < M; (1 =0,1; n+1,n+2);
Y

2) fP(a) = fP(b) =0 (k=0,1,...,n),
To Jiist BceX k, 1 < k < n, BepHbI OIEHKU

max |4 (2)] < AN (26)* (Mo + M) 555 (M1 + Miyga) 7,

rie N = ¢(8d+|v|+1), d = diam~, |y| — nimna -y, ¢ — nocrosnuas (0 < ¢ < 00),
¢ = sup (O
2,6€y ‘Z - f‘

|7(2,€)| — mmmna gacTn gyru y MeKIy ToOUYKaMu z 1 &.

[1] Manmens6poiit C. [Tpumbikatorue psiyibl. Peryispusaliyst mocsieoBaTebHO-
creit. [Tpumenennsa. M.: VJI, 1955.

Teopema Tuna CajimHaca A1 00JIacTeil cnenuaJJbHOro BHIA
Iaiicun P.A.

Bamkunpcknit rocyapcTBeHHbI yHUBEpCHTET, T.Y da, Poccus

[Tycts { M), }7° , — HOCTEI0BATENILHOCTD TTOJOKATEIBLHBIX dncest, D — HekoTo-
pas 00JIaCTb KOMILJIEKCHOH IIJIOCKOCTH,

H(D,M,) ={f e HD): |f"(2)| <e;M, (n>0),z € D}.
Knacc H(D, M,,) HasbiBaeTcsi KBa3MaHAJIUTHICCKIM B TOUKe zg € 0D, eciu u3
Toro, uro f € H(D, M,), f™(z) =0 (n > 0) crexyer, uto f =05 D .

[Iycts D — BhinyKjast 001aCTh, a B TOUKe 2y € O BBINOJIHEHO YCJIOBUE

€

sup/ ma = Bz, x)da: < 00, T = £i_r>r(1)6(z0, s). (1)

s i

S

31eck € > 0 — mocraTodano Masio, 5(2g, ) — BETMUNHA YTJIA MEXK/TY KAcaTe TbHBIMI
K rpanutie D, IpoBeJIeHHBIMI B TOYKAX, YAAJCHHBIX OT TOYKHU Z( Ha JUIMHY JIyT'H
rpaHuilsl, paBroit s [1]. B ciemanHbIX mpenoioKeHsIX BepHA

Teopema. Knace H(D, M,) KBa3uaHaJIUTHY9eH B TOYKE Zj TOTJA U TOJHKO
TOIJIa, KOTJIA

T a+1

/ S dr = 400, (2)
1
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riae T'(r) = sup A’; — dyukuus cieja nociegosarenasaoctu { M, }.
n>0 " "

Ecin nocsieosarensiocts { M, } norapudmuieckn BbilyKia, To ectb M2 <

50 1

M, T _

M1+ M1 (n > 1), 10 ycioBue (2) S5KBUBAJEHTHO YCJOBUIO » 1 ( Mnil) —
n=

+oo [3]. OkasbiBaercsi, KpuTepni KBa3naHaUTUIHOCTH 1 J1jist 6oJiee 00IuX obJa-
creii G (HEOOA3aTEILHO BBIMYKJIBIX M OJHOCBSI3HBIX ) COBIAJAIOT C YCJIOBHEM (2),
ecyi oHI 0OsagatoT ceoifictBoM: Kf' C G C K¢, rie K&(i = 1,2) — Hekoropble
aByyroabHuKn (K — BBIMYKJIBIT IBYyTOJBHUK, K — nepecevdeHre BHEITHOCTEN
JBYX KPyroB). 9T1oT daxt st K ciaepayer u3 chopMyImpoBaHHON BBIIIE TeOpe-
MBI (Ji71e Hero yesosue (1) Boimostasieres ), a aaa K§ — u3 [2].

[1] FOsmyxameros P.C. Anmpoxkcnmariust cybrapMoHndecknx (hyHKIM U puve-
nennd. /uce. ... 1oKT. dpus.-mar nayk. Yda: 1986-197c.

2] TTpuunko T.W. Ksasuananuruieckue Kjaacchl GyHKIN B KOMILIEKCHON 06~
ngactu // Vkp. mareM. xkyprajia. 1967. T. 19. Ne 2. C. 127-134.

3] Taitcun P.A. DxBuBasienTHbIE KPUTEPUHN KBA3UAHAJUTHIHOCTH Kjacca Kap-
nemana B yrie. CO. Tp. Mexk1. MmK.-KoH]. I CTYI., acil. u MoJ. y4. "dyH-

JlaMeHTaIbHAsT MaTeMaTHKa 1 ee npuioykennst B ecrectsosnanun". T. 1. Ma-
temaTuka. ¥ da: Baml'V, 2012. C. 69-76.

Space - modulated structures in BiF'eO3 — like multiferroics

Z.V. Gareeva A.K. Zvezdin
IMCP URC RAS, Ufa, Russia
e-mail: gzv@Qanrb.ru
A.M. Prokhorov General Physics Institute, Moscow, Russia

The influence of variations of magnetic parameters on the transformations
of antiferromagnetic space —modulated structure in BiF'eOs —like multiferroics
is investigated. We discuss the specificity of variations of magnetic parameters
of different origin namely the magnetic anisotropy, the stiffness related to
temperature changes, the rare B'D* earth doping, the lattice mismatch between
multiferroics film and oriented substrate which can substantially change the
conditions of space-modulated structures emergence and the character of space
8D modulated structures reciprocal transformations in bulk crystals and thin
films |1-3].

Phase diagrams representing the regions of homogeneous magnetic states and
incommensurate structures stability are constructed for three essential geometries

of magnetic field (H || [110], H || [112],H || [111]). Tt is shown that the direction
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of applied magnetic field substantially affects set of magnetic phases, properties
of incommensurate structures, character of phase transitions. Novel conical type
of cycloidal ordering is revealed during the transition from incommensurate
cycloidal structure into homogeneous magnetic state. Elaborated phase diagrams
allow estimate appropriate combination of control parameters (magnetic field,
magnetic anisotropy, stiffness) required to the destruction of cycloidal ordering
corresponding to the transition into homogeneous structure.

Our results show that the magnitude of critical magnetic field suppressing
cycloid is lowered in multiferroics films comparing to single crystals, it can be also
lowered by the selection of orientation of magnetic field.

[1] J.T. Zhang et al., Applied Physics Letters, 100, 242413, 2012.

2] N.E. Kulagin, A.F. Popkov, A.K. Zvezdin, Physics of the Solid State, 53, 970
(2011).

3] S. Alpay and A.L. Roytburd, Journal of applied physics, 83, 4714, 1998.

The quad graph equation with a nonstandard generalized symmetry
structure.

R.N. Garifullin, A.V. Mikhailov and R.I. Yamilov.
Institute of Mathematics, Ufa, Russia
Department of Applied Mathematics, University of Leeds, United Kingdom
e-mail: rustem@matem.anrb.ru

The equation

un—l—l,m—i—l(un,m - un,m—i—l) - un+1,m(un,m + un,m—I—l) +1=0 <1>

is found in article [1]. In those artcile is shown that eq.(I)) have two generalized
symmetry in different directions:

d

d_tlun,m - hn,mhn—l,m(anun+2,m - an—lun—Q,m)a (2)
d (7 Up.m—1 + U2
e = (_1)n n,m+1Un m—1 n,m, (3>
dtQ Un,m+1 + Un,m—1

where Ny, = 1 — 2Upp1mUnm, any2 = an. One can see that n is an outer
parameter in eq. , and this equation is really a known 1+1-dimensional
autonomous equation of the Volterra type. In the case of eq. , we have
the essentially non-autonomous Itoh-Narita-Bogoyavlensky equation with two-
periodic coefficient a,,.
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We show that eq. (3) can be rewritte as Gerdjikov-Ivanov-Tsuchida system [2]
for odd and even u, ,,. We find Lax pairs for equations , in the form:

\Iln+2,m = Nn,m\lln,ma \Iln,m+1 = Mn,m\:[jn,m

d d
\Ijn m — An m\Ijn ms
dt;y ’ ’ dty

where WU, ,,, — vector function, A, m, Bynm, Npm, Mym — 2 X 2 matrtixes.

\Ijn,m - Bn,m\ljn,ma

[1] R.N. Garifullin and R.I. Yamilov Generalized symmetry classification of
discrete equations of a class depending on twelve parameters 2012 J. Phys. A:
Math. Theor. 45 345205.

|2] T. Tsuchida Integrable discretizations of derivative nonlinear Schrodinger
equations, 2002 J. Phys. A: Math. Gen. 35 7827.

Integrable Discretisations of the Nonlinear Schrodinger Equation on
Grassmann Algebras

G. G. Grahovski, A. V. Mikhailov
Department of Applied Mathematics, University of Leeds, United Kingdom
Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of
Sciences, Bulgaria
Institute of Mathematics, RAS, Russia
E-mails: G.Grahovski@leeds.ac.uk  A.V. Mikhailov@leeds.ac.uk

Integrable discretisations for a class of coupled nonlinear Schrédinger (NLS)
type of equations are presented. The class corresponds to a Lax operator with
entries in a Grassmann algebra.

Elementary Darboux transformations are constructed. As a result, Grassmann
generalisations of the Toda lattice and the NLS dressing chain are obtained.

Furthermore, the compatibility (Bianchi commutativity) of these Darboux
transformations leads to integrable Grassmamm generalisations of the difference
Toda and NLS equations.

The resulting discrete systems will have Lax pairs provided by the set
of two consistent Darboux transformations. The corresponding Bécklund
transformations represent symmetries of the discrete (difference systems) and
formal diagonalisations of the Darboux transformations provide generating
functions of integrals of motion.
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Yacrtablie periienunns (2-+1)-MepHOro HeJIMHEWHOIO YpaBHEHUSI TUTIA
IIpeaunnrepa
II.H. TaBbigoB
YenlV, e-mail: davydov@csu.ru

Theorem of solution existence and uniqueness is proved for a class of semilinear
degenerate evolution equations with the generalized Showalter initial condition.
The result is illustrated on the example of initial boundary value problem for
Oskolkov system.

YupaBJjieHue TOYKOII MaJIOil MacChl B cpejie 6e3 COIPOTUBJIEHUS

A.P. Hanumun, O.0. Kospuostchoix
UMM ¥YpO PAH, PO

e-mail: dar@Qimm.uran.ru

PaccmaTtpuBaeTrcs 3ajiada ONTHMAJIBHOIO YIIPABICHUS TOYKONW MaJIOll MacCh
JIefiCTBUEM CHUJIbI, OIPAHUYEHHON 10 BEJIMYMHE, [IPU OTCYTCTBUU COIPOTHUBJICHUSA
cpesbl. KpoMme aToro B 3aj1aue mMeeTcs elle O1uH He3aBUCUMBbII MaJIbIil IapamMeTp,
CBSI3aHHBIN ¢ BOBMYIIlEHUEM HadaJIbHbIX JTAHHBIX:

([ T=7 7,j € R
] #i-m 7e R, [ <1
E(O) :$0+M$17y(0) = Yo + HY1, O<€7M < 17
| #(T.,,) =0, y(T.,,) =0, 1., — min.
3nech || - || — eBkinmoBa HOpMA.
[Tepeiis B paceMaTpuBaeMoii 3aade K HOBOMY BpeMeHu 7 = t/e u nepeobo-

snauuB T(eT), €y(eT), u(et) n 17, , /€ uepes x(7), y(7), u(r) u 6, ,, coorBeTCTBEH-
HO, TOJTyINM CJICJIYIONTYIO 3a/1aMy:

(d
—Z:Aerﬁu, z € R4,

) lull < 1. yER,

2(0) = ((zo + pa1)* e(yo + pyn)*)*, 0<e,pu <1,
L Z(GE,M) =0, 6., — min,

() =(3) ==(2)

I — epuanyHag MaTpuila BTOPOro MOPsAIKa, & * — 3HaK olepalui TPaHCIOHUPO-

rjie

BaHUs MaTPUIIL.
OrmeTnM, 9TO NMpeeabHO Jiid onrcanHoi 3agaun npu € — 0 u yu — 0 Oyzmer
aHaJIOrM4YHad 3ajia4da, cooTBercTBytomas € = 0 u p = 0.
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Crpoutcst acHMITOTUKA BpeMeHH OblcTpojeiictBust 1, U ONTHMAJIBLHOIO
yupassenust npu € — 0 u g — 0. ITokazano, 4ro B JaHHOIl 3a/1a4e JazKe I CUTY-
alyil 00IIero MOJI0ZKEeHUST ACUMIITOTHKA BPEMEHH ObICTPOICHCTBIS HOCUT CJI0ZKHOI
XapaKkTep, aHAJOTHIHbI acummroruke u3 pador [1, 2].

1] A.P. Jannman, A.M. Wnenn, Texu. kubepueruka, (1994), Ne 3, 96.

2] A.P. Hanwmmu, A.M. Wiabnn, @yngament. n npuki. Maremaruka, 4, 905,
(1998).

Discrete Schlesinger Transformations and Difference Painlevé
Equations

A. Dzhamay, H. Sakai, T. Takenawa
University of Northern Colorado, Greeley, USA
e-mail: adzham@unco.edu
University of Tokyo, Tokyo, Japan
Tokyo University of Marine Science and Technology, Tokyo, Japan

We known that differential Painlevé equations can be obtained as reductions
of Schlesinger equations describing isomonodromic deformations of Fuchsian
systems. Similarly, discrete Schlesinger transformations of Fuchsian systems give
rise to discrete Painlevé equations. Sometimes both can be obtained for the
same Fuchsian system, e.g., in the rank-two system with three finite poles, whose
isomonodromic transformations are described by Painlevé-VI equation Py, and
discrete Schlesinger transformations are described by the difference Painlevé-
V equation d-Py, which also corresponds to the Bécklund transformations of
Pyr. However, some discrete equations do not have a continuous counterpart.
In [2] Sakai posed a problem of representing such equations using Schlesinger
transformations, we consider here one such equation of type d—P(Aél)*).
Corresponding Fuchsian system was described by Boalch in [I]. Using a recently
obtained discrete Hamiltonian of elementary Schlesinger transformations we
explicitly compute this example, verify that we indeed obtain discrete Painlevé
equation type d—P(Agl)*), and compare it to the usual form of d—P(Agl)*) by
comparing the blow-up structures of the corresponding rational surfaces.

[1] Philip Boalch, Quivers and difference Painlevé equations, Groups and
symmetries, CRM Proc. Lecture Notes, vol. 47, Amer. Math. Soc.,
Providence, RI, 2009, pp. 25-51.
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2] Hidetaka Sakai, Problem: discrete Painlevé equations and their Lax forms,
Algebraic, analytic and geometric aspects of complex differential equations
and their deformations. Painlevé hierarchies, RIMS Kokytiroku Bessatsu, B2,
Res. Inst. Math. Sci. (RIMS), Kyoto, 2007, pp. 195-208.

Nonlinear dynamics of the magnetic inhomogenities in magnetic with
modulation of the magnetic parameters

E.G. Ekomasov, A.M. Gumerov, R.R. Murtazin
Bashkir State University, Ufa, Russia
e-mail: EkomasovEG@Qgmail.com

It is known that in real magnetics the appearance of magnetic parameters
local changes happens due to structural and chemical non-homogeneities and local
influence (mechanical, thermal or solar). It results in considerable complication of
Landau-Lifshitz equation for the magnetization. Although the task of excitation
and distribution of the magnetization waves, under certain conditions, is reduced
to the studies of the modified sine-Gordon equation with floating factor |1, 2]. The
investigation of the big perturbations influence on the solution of the modified
sine-Gordon equation in general case can be investigated only with the help of
numerical methods [3].

This research considers our studies of the domain walls (DW) dynamics in
ferromagnetics with an optional size one dimensional modulation of the magnetic
anisotropy constant in terms of stimulation and radiation of the nonlinear waves.
In the presence of the nonhomogeneity of the constant magnetic anisotropy
(NCMA) was obtained a reflection of the DW from the NCMA region. It was
connected with the DW resonant interaction with the magnetic nonhomogeneity of
the breather type, stimulated in the NCMA region. We have shown the possibility
of the DW quasitunneling involving several NCMA regions (i.e. when the particle
crosses the barrier with the speed below ultimate). We have also shown the origin
of the magnetic nonhomogeneities of the multi-pulson type in the form of kink
and breather bound state cophased and antiphased with the oscillating breathers.

[1] M.A. Shamsutdinov and other, Ferro- and antiferromagnitodynamic.
Nonlinear oscillations, waves and solitons. Nauka, Moscow, 2009.

2] E.G. Ekomasov, Sh.A. Azamatov, and R.R. Murtazin, The Physics of Metals
and Metallography, 105(4), 313 (2008).

3] E.G. Ekomasov, Sh.A. Azamatov, and R.R. Murtazin, The Physics of Metals
and Metallography, 108(6), 532 (2009).
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AcuMniToTnyeckoe pas3JiokeHne penieHus 3a1a49i ONTHUMAaJIbHOTO
TPAaHUYIHOTO yHPaBJeHUA C OOJILIINM PECcypPCcoM yHpaBJIeHUSA

A.Il. Bopun
Ypanbckuit @eepasibablit YHupepcurer, Exkarepunodypr, Poccust
e-mail: zorinaolga@mail.ru

PaccmarpuBaercs ciiefyionias 3a/iada ONTUMAIBHOTO YIIPABJICHUS C YIIPAB/Ie-
rueM Ha rpanute [, riasa 2, coorromenust (2.41), (2.9)]:

Az —a(x)z = f(z), 2 €Q,
0z

%:g(x)Jru(a:), zel, |[lull <1

J(u) = l2l* + v~ - [[Jull]* — inf

3nech 2 C R" (n = 2,3) ecTh BbITyKJIasi, 3aMKHYyTasi OlpaHIYeHHas 00JIaCTh,
cofiepxKarnast Hadaso koopauaar O(0;0), ¢ niajaxoit rpanureit ') yiosaerBopstto-
mieit yesioBuio: rpanuna [N obsractu §2 ecth 6eckoneuno juddepeHimpyeMoe MHO-
roobpasne pasMepHOCTH 1 — 1, pacloIoyKeHHOe JIOKAJIBHO 10 OJIHY CTOPOHY OT §)
(MHBIMI CJIOBAMIE, MBI paccMaTpuBaeM () Kaxk MHoroobpasme ¢ Kpaem ' Kiacca
)

re v > 0, HY(Q) — cobosesckoe npocrpancrso gyHKuii, 0z/dn — mnpous-
BOJIHASI 110 BHEIIHeH Hopmasn K I

al-), f(-) €C®(Q), g(-)eC®[I) Yz e alx)=2a’>0, 0<e<1,
Wi={u() € Lo(r) : fljull] < 1}

3necn wepes ||| - ||| obosnauena nopma B mpocrpancrse Lo(I'). B mpocrpancrse
Lo(§2) mig HopMBI HCIONIb3yeTest obo3uatdenue || - ||.

Oyuxrmn a(-), f(+), g(+) 6epyres uz C*(§2), C>(I") coorBeTcTBEHHO, JI7TsT Y1006-
CTBA TOCTPOEHUST ACUMIITOTUYECKOrO Da3JI0XKEeHUsT DeIleHHs U J0Ka3aTeIbCTBa
OTICHOK JIJIsl 9TOTO PEIICHHSI.

[Ipu BBITOJIHEHNT YKA3aHHBIX YCIOBUSAX JOKA3BIBACTCS CYIIECTBOBAHIE U €I1H-
CTBEHHOCTH PEIECHHsI, CTPOUTCST ACUMIITOTHIECKOE PA3JIOZKEHNE PeIeHns u 000C-
HOBBIBAETCSI TTOCTPOCHHAST ACHMIITOTHKA.

[IpousBouTCst pacder 4UCI0BOrO MpuUMepa Jjisi KOHKPETHO 3aJIaHHBIX (DyHK-
i, Koryia 06JacThb ) — Kpyr eJIMHIIHOTO PajInyca.

Anajiorndnast 3a/a4a, y KOTOPOii B JIEBOIl YacTH TPAHITHONO YCIOBUS COJED-
JKUTCS MAJIBIH apamerp € Obljia paccMoTpena B [2].

[1] JTnonc 2K.-JI. OnrumasbHOe yrpaBJieHie CUCTEMAMI, OIICHIBACMBIMU yPaB-
HEHUAMHI ¢ YaCTHBIMU Tpon3BoanbiMu. —M.: Mup, 1972.
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2] Haumnmua A.P., SBopun A.Il. Acumnrorudeckoe pasioxKeHre PEIIeHs 3a/1a-

91 ONTUMAJIBHOTO TpanndHoro yrpasjienns //Toxmagsr PAH 2011-Towm 440,
Ne 4, c. 1-4.

Nonlinear inverse problem for a linearized Oskolkov system

N.D. Ivanova
South Ural State University, Chelyabinsk, Russia
e-mail: natalia.d.ivanova@gmail.com

Consider a nonlinear inverse problem for a system of equations

(1 — xVv(z,t) = vV20(x,t) — (0 V)v(z,t) — (v- V)d(x,t) —r(x, t)+

3m
+b(t)|[vllv + () (1 = xV)v(w,t) + qu(t)fj(fvat), (z,t) € < [0,T], (1)
V-vu(z,t) =0, (z,t)€Qx][0,T], (2)
v(z,t) =0, (x,t) €00 x[0,T], (3)
v(z,0) =vo(x), =€, (4)
v(x,t) =¢'(t), i=1,....,m, tec[0,T], (5)

describing a motion of incompressible viscoelastic fluid. Here 2 C R? is a region
with a boundary 92 € C*°, T > 0, m € N. Parameters y € R, v € R, are
fluid characteristics. A velocity v, a pressure gradient r and functions ¢; = ¢;(¢),
j = 1,2,...,3m, are unknown. A vector function 0y = Uy(z), k = 1,2,3, is a
given stationary solution. A function b = b(t), vector functions f/ = f7(x,t),
J=2,....3m, YL =i(t), i =1,...,m, k = 1,2,3, are also given. All points
r; € Q, i =1,...,m, are different, ||v|lo = [|v||(z,)32, o € R.

Denote by Ly = (Lo(Q))3, H! = (W}HQ))3, H> = (W3())? Sobolev spaces.
A closure of £ = {v € (C5°(R2))3 : V- v = 0} by the norm Ly is H,, and by the
norm H! is H!. Also H2 = H! N H?2. Denote H, as an orthogonal complement of
H, in Ls. Let A = X V? and

(0 (xSt o (= xA) ISP ) )

G (= XA)'SMalert) oo (= XA S )(a, 1)

, G0 (L= XATSMslent) oo (L= XA (e, 1)
A(t)= . . . o

G (1= XA S (wmet) <o (= XA S (1)

W) (= XASa(emt) <o (= XA S, 1)

\ () (L= xA) S s t) o (1= XASF)g(,1) )
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Theorem [I]. Let a € R, vy € HZ, vy # 0, if « < 3, b € CY[0, T|;R), f/ €
CLH[0,T);Ls), 5 =2,...,3m, ¥ € C*([0,T;R?),i=1,...,m, and det A(t) # 0
for all t € [0,T), compatibility conditions vo(z;) = ¥'(0), i = 1,...,m, hold.
Then there exists a unique solution v € C1([0,T1]; H,), r € CY ([0, T1]; H,), ¢; €
CH[0,T1;R), j = 1,2,...,3m, of the inverse problem (1)—(5) with some Ty €
(0,7].

[1] N.D. Ivanova, V.E. Fedorov, and K.M. Komarova, Chelyabinsk State Univ.
Bulletin. Mathematics. Mechanics. Informatics, 13, no. 26 (2012).

HaganpHo-KpaeBad 3aa4a JIJid OJHOI COBMEIIEHHON HeJIMHENHOM
MO/I€JIN IOPUCTOMN Cpeibl
NmomuazapoB X.X., Typaues ¥V.K.
nctuTyT BRIYUCIUTEIHHON MaTeMaTHKI 1 MaTeMaTndeckoil reopusukun CO
PAH, Hosocubupck, Poccust
e-mail: imom@omzg.ssce.ru
Kapmmucknit dumman TATY, Kapin, Y3bekucran

Paccmorpum cieytonyto abcTpakTnyio 3agady Korm

u(t) + A(w(t))u(t) = f(t), t=0, (1)
u(0) =, w(0) =u, (2)

0(t) = G(t;w(t)) + f(t), t>0, 3)
v(0) =0, (4)

KOTOpasi BOSHUKaeT B HesinHeiiHoit Mojiesm nopoynpyrocru [1, 2 [0, 4], w = (u, v).
B nannoit pabore mpu HEKOTOPBIX OrpaHmYeHuAX Ha oneparop A n GyHKIHIO
(G Ha OCHOBe MeTojia nHTerpaaos sHepruu 5] gokazana JoKaIbHAST KODPEKTHOCTD
saqaqn Kormm (1)-(4).
Pa6ora BeimosiHena mpu dunarcosoii nojiepxkke PODU (rpant 12-01-00773).

[1] B.H. loposckuii, l'eosiorus u reodusuka, 7 (1989).

2] B.H. Hoposckuii, FO.B. Ilepemneuko, E.M. Pomenckuii, ®usnka ropenns u
B3pbIBa, 1 (1993).

[3] A.M. Blokhin, V.N. Dorovsky, Mathematical modelling in the theory of
multivelocity continuum. Nova Science Publishers Inc, New York. 1995.
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[4] H.M. 2Ka66opos, X.X. Umomuazapos, Hexomopuie nauaisvho-kpaesoe 3a0a-
wu Mexanuky deyrckopocmuunr cped. za-so HYV3 um. Mupso Viyroeka.
2012.

[5] C.M. Dafermos, W.J. Hrusa, Arch. Rational Mech. Anal., 87, 267 (1985).

IIpamasa m obpaTHas HadaJbHO-KpPaeBble 3aa4M JIJid HeJIMHEITHOTO
OITHOMEPHOI'0 ypaBHEHUs NOPOYyHPYTroCcTH

NnmomuazapoB X.X., Kopo6os I1.B.
HctuTyT BRIYUCTIUTEILHON MaTeMaTHKI 1 MaTeMaTnieckoil reocpusuku CO
PAH, HoBocubupck, Poccust
e-mail: imom@omzg.ssce.ru

PaceMoTpuM cielyiolnyio oJHOMEPHYIO HadalbHO-KPAEBYIO 3a1ady JJisl CUCTe-
MBI ypaBHeHUil HenHelHoi mopoypyroctu |1, 2]:

psure = (p(ug)ug), — pf ((w—=v) x(u—v)),, =€ (0,L), t€(0,T), (1)
proe=pi (u—v)x(u—v), xe(0, L), te(0,T), (2)

u’t:O - uo(:v), ut|t=0 - ul(x)a T < (Ov L)7 (3)

U|t:0 =0, wze (07 L)v <4)

plte) uel,—p = f(t), t€(0,T), ()

ul,_g=0, te(0,T). (6)

31ech u, v, CKOPOCTH YIIPYroro MOPHUCTOrO Teja C IMOCTOSHHON MapiiuaJibHOM
IUIOTHOCTBIO pg = p£ (1 — dy) m KUJKOCTH C TIOCTOSTHHOM MAPIUAIBHOMN LI0T-
HOCTBIO p; = pjdy COOTBETCTBEHHO, dy HOPHCTOCTDb, Ut = %, : [0, 7] — R,

ug : [0,L] — R, u; : [0,L] = R, p/ u pzf dbusnIecKne MIOTHOCTH YIIPYTO-
ro MOPUCTOrO Tejia U YKUJIKOCTH COOTBETCTBEHHO, f4(V) TPUK/IBI HEIPEPbIBHO-
muddepentupyemast mosoKnTeIbHast (byHKIMsT, X(7) JIBaYKJIbl HEITPEPLIBHAS 110~
JIOKUTE/IbHAsA PYHKITUS.

B nannoit pabote mokazaHa Teopema JIOKaJIbHOM Pa3penmMOCTH KIaCCHIeCKOTr0
periernst mpsimoii 3aiadn. Jlokazana guddepennnpyemocts mo @perire onepaTopa
psiMoit 3a1a4n. [o/rydeHbl OleHKE YCJIOBHOM yCTORIMBOCTH 00pATHOI 3a1a49u |00
onpejesienns u, v, @ 13 (1)-(6) (upu 3agaulbIX X , Ps , P;) 10 JONOJTHUTEIHHOM
nndopmanun 4 = u(L, -)|.

Pabota BeinostHena npu dpunaucoBoit nojaepkke PODU (rpant 12-05-31216).

[1] A.M. Blokhin, V.N. Dorovsky, Mathematical modelling in the theory of
multivelocity continuum. Nova Science Publishers Inc, New York. 1995.
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2] H.M. 2Ka66opos, X.X. Umomuazapos, Hexomopuie nauasvho-kpaesoe 3ada-
wu Mexanuky deyrckopocmuunr cped. za-so HYV3 um. Mupso Viyroeka.
2012.

O pemmeHun oJHOTO KJIacca OOPATHBIX CTOXACTUIECKMX
anddepeHnmaJIbHbIX yYpaBHEHT

Ncmarnaos H.C.

VTATY, Yoa

B pabore paccmarpuBaioTcs oOpaTHble croxacTudeckue jguddepeHnnaibHbie
ypasaenus (OCJLY) cienyrorero Buja

dY (t) = h(t,Y (1), Z(t))dt + Z(t)dW (t), Y(T)=¢&, te[0,T], (1)

rjie T — dbukcupoBaHHBIIT MOMEHT BPpEMEHH, W(t) — CTaHJAPTHBIII BUHEPOBCKUI
IIporiece, BTOpoil nHTerpast B npasoit dactu (1)) monnmaercst B cmbicste Uto, a & —
HEKOTOpas CydaiiHasi BeJIMUNHA, 3a/af0lnas 3HadeHne Y B KOHeUHbIT MoMeHT 1.
OcobeHHOCTBIO YPaBHEHUIT TAKOI'O BUJIA SABJISIETCS TOT paKT, YTO TpedyeTcs: HailTu
Henpex raroryto napy dbynkimit (Y (t), Z(t)), yrnosrerBopsioriyto ypasaeruto (1.

Ypasuenus suja (1)) Bruepsbie 6butn nccaegosanbl B paborax [I] (mumeitnbrit
caydait) n [2] (e MHBIAHBII cIyTail), OHI BO3HUKAIOT B 38/1a7aX CTOXACTHIECKOTO
ONTUMAJIBLHOTO yipasyenus [3] u 3agadax dunancoBoit maremaruku [4].

B ymomMsHyTBIX BbIIIe paboTax MpPUBEIEHBI TEOPEMBI CYIECTBOBAHUST U €JIITH-
crBennoctn pertennit OCJILY. Onupasich Ha 9TH pe3y/abTaTbl, B HACTOSIIEH pa-
6ore HaiijgeH HoBblil criocod pernenuit OCJIY. lokazaHo, 9TO IHPH OIPEJIeIeH-
HBIX IPEIIOJIOKEHUSIX PeIleHre 3a,/1aun MOYKeT OBITb IPEJCTAaBICHO B BH/JIE:
Y(t)=®(t,W(t), Z(t) = Z2&(t,W(t)), rae ®(, z) siBiisiercst pelieHieM ypasHe-
HUSI C YACTHBIME [TPOM3BOIHBIMU BTOPOTO MOPSIKA

1
Py + 5P = h(t, @, 9Y), (T x) = f(w),

riae f(x) — HeKoTOpast n3BecTHas QyHKINS.

[1] J. M. Bismut, Conjugate Convex Functions in Optimal Stochastic Control,
J. Math. Anal. Appl. 44, 384-404 (1973).

2] E. Pardoux, S. Peng, Adapted Solution of a Backward Stochastic Differential
Equation, Systems Control Lett., 14, 55-61, (1990).

3] J. Yong, X. Y. Zhou, Stochastic Controls: Hamiltonian Systems and HJB
FEquations, Springer-Verlag, New-York, 1999.
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[4] El Karoui, N.; S. Peng, and M. C. Quenez, Backward Stochastic Differential
FEquations in Finance Mathematical Finance 7.1., 1-71 (1997)

06 apasmmTU4deckux cBolicTBaxX byHKIum Beiiisg omeparopa
HItypma-J/InyBusiisi ¢ KOMOJIEKCHBIM ITOTEHITAAJIOM

X.K. Nmknu
Bamkupcknit ['ocyrapcTBeHHBINT YHUBEPCUTET
e-mail: ishkin62@Qmail.ru

OcCHOBHOIT pe3y/ibTaT paboThl— JOKAa3aTeJIbCTBO HEOOXOJANMOCTH (C HEKOTOPbI-
MU OTOBOPKaMM) TMOJIyUeHHBIX panee MyprasutabiMm X.X. J10CTATOYHBIX YCIOBHiT
wa W (x), npu xoropeix ¢yukims Beitst onepatopa Myeta norycKaeT aHaIITH-
YecKoe IMPOJIoJIZKEeHEe Ha HEKOTOPBIH yTroJl U3 HepU3nIeCcKOoro JIMCTA.

Yucsientnoe perreHne oOpaTHBLIX 33J1a9 MOPOXKIEHHBIX BO3MYIIIEHHBIMU
CaMOCONPSXKEHHBIMHI OepaTopaMi METOJIOM Peryjisapu30BaHHbIX
CJIeJIOB

C. 1. Kaguenko
MaruuTroropckuit rocyrapcTBeHHbIil yHIBepcuTeT, r. Maruuroropek, Poccust
e-mail: kadchenko@masu.ru

Paccmorpum 3aj1ady HaxoxKeHus coOCTBEHHBIX 3Havdennii oneparopa 1"+ P

(T'+ P)e = By,

rje 1 - JUCKPEeTHBIN 10JIyorpaHUYeHHbI CHU3Y olepaTop, a P - orpaHuYeHHbIi
oreparTop, 3aJaHHble B cenapadebHOM I'mjibbepToBoM IpocTpancTse H. [lomy-
CTUM, 9TO U3BECTHBI COOCTBEHHBIE 3HATCHUS { [iy, }5° 1 I OPTOHOPMUPOBAHHBIE COD-
crBertble yHKIMU {w, 15, omeparopa T', KOTOpbIE 3aHYMEDOBAHBI B MOPSIIKe
BO3pACTaHNs COOCTBEHHBIX 3HAYECHUIT (4, IO BeJTMIHHE ¢ yieToM KpaTnoctu. O60-
3HAYNM 9epes U, KPATHOCTH COOCTBEHHOT'O 3HAYEHUSI [, & KOJTUIECTBO BCEX HEPAB-
HBIX JIPYT JPYry COOCTBEHHBIX 3HAUEHUI, KOTOPLIE JIeXKAT BHYTPHU OKPY>KHOCTU
Ty, Pasmyca pp, = 0, 5| fhng+1 4 fin,| € IEHTPOM B HaUaIEe KOOPIUHAT KOMILICKCHOT
miockocTn, epes ng. Ilyers {3,152, - coberBennbie 3uadenust orneparopa 1 + P,
3aHYMEPOBaHHBIE B IOPSIIKE BO3pACTAHUS UX JIEHCTBUTEIbLHBIX YacTell ¢ yIeTOM
aJiredpanveckoil KpaTHOCTH.

Teopema. Ecau oas 6cex n € N 6uinoanAomea Hepasencmsa ¢, < 1 u cob-
cmeenmvie pyrkyuu {w, 150, onepamopa T asamomesa bazucom ¢ H, mo coo-
cmeenHbvie 3navenus { P}, onepamopa T + P ewwucasomes no Gopmyram
[/ L

Bn = pn + (Pwp,wy) + 05, n=1,my. (1)
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Bdecv daa 6, cnpasedausv. ouenku |6, < (2n — 1)pn1q72q, ¢ = Maxqgy, o =
ne

no
QHPH/erH—Vn - :un’; mo = Z:lyn-

Ucnonbsys ypasrenns (1), paccMOTpUM 3a/1a1y BOCCTAHOBJICHHST 3HAYEHUI 110~
terruasa P 1o coberBentbiM dncaam { 8, }°° ; oneparopa T+ P B ruibbepToBOM
poctpancTse Lo(a, b). Ilycrs BbImosHsAI0TCST Bee TpeOOBaHMsI BBIIIE C(DOPMYTHPO-
BAHHOI TeopeMbl 1 P - orpaHudeHHbIii onepaTop yMHOXKeHHs Ha QYHKIIO p(T).
Torna cobcrBeHHble 3HAUEHUsT oriepaTropa 1 + P BeIYUCISOTC 110 OpMYyJIaM

b
Bn = pin + /p(s)wfl(s)ds + 0, n=1,my. (2)

SanuieM ypasnenus (2) B Bujie

/ K (. 8)p(s)ds = f(x), (3)

riae dyuxmmn f(x), K(x,s) (s € (a,b),z € (¢,d)) Takue, aTo

f(xn) = Bn — tn — On, K(l’n, 5) - wfb(s), n = 1,my.

[Iycte dyuxims K (x, s) ecTb BelleCTBeHHAsT HEIPEPbIBHAST B IIPSIMOYTOJTBHIKE
1= [a,b] x [c,d], a f(z) € La(c,d)., y(s) € Wy(a,b).

Bajiaua perieHns ypaBHeHusi (3) siBjisieTcsi HEKOPPEKTHO TMoCTaB/ieHHOl. Ee

HpUOJINKEHHOE DellleHre MOXKeT ObITh HaliJIeHO C IIOMOIIBI0O METOHa PeryJsspu-
sarnun TuxoHosa.

Jl1st mpoBepKu paszpaboTaHHON METOINKH HAaXOK/IeH!Us 3HAYEHWH OTeHIuaIa
P 1o cobersentbiM ducsaMm { £, 122 | oneparopa T+ P paccMOTPUM CIEKTPATHHY O
zajgady [ltypma - JInyBuwisa

—u" + p(s)u = Pu, a < s < b;
cos o' (a) 4 sin au(a) = 0; (4)
cosyu'(b) + sinyu(b) =0, «,v € R.

BasaBast byHKIUIO p(S) 1 ncnosb3ys Meroj byorosa-lanepkuna, Hafigem mep-
BBIe 1 cobcrBennble 3uadeHus {F,}ne, 3anaun (4). Permrast npub/mKkeHHO ypas-
HeHue (3) ¢ UCIOJIb30BAHNEM KOHETHO-PA3HOCTHON AIlPOKCUMAIINH, HAIeM Mpu-
OJuKeHHbIe 3HaUeHUs P(S§) moTeHmaia p(s) B y3/JI0BbIX TOUKAX S = Q. ... , SN =
b. CpaBHUBas UX 3HAYEHUSI, [TOJYIUM NHAOPMAIINIO O TOYHOCTH PeIleHnst 00paT-
HOit 3as1a4n jiyist oneparopa LItypma-JInyBusist (4) MeTo0M pery/isipu30BaHHbIX
ciestoB. MHOrounceHHbIe pacyeThl TMOKA3a/Il ero XOPOIIyI0 TOYHOCTh U BBIUNC-
JINTEJIbHYI0 9P (MEKTUBHOCTD.
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[1] Kamuenko, C.M, HucieHHbIl MeTON HAXOXKJEHUS COOCTBEHHBIX 3HAUEHMIT
JIICKPETHBIX TT0JTyorpannvdeHubix causy oneparopos /| C.U. Kamuenko, JI.C.
Pazanosa // Becruuk FOYpL'Y. Cep. ,Maremaruueckoe MoJe/IMpOBaHUE U
nporpamvupoBanue. — 2011, — Beim. 8, Nel17 (234). — C. 46 — 51.

3axBaT B pe30HAHC MPU HAJUYUU IITyMa

JI.LA. Kangakun
McBI VHII PAH

e-mail: klentru@mail.ru

[t ypaBHennii, onnuchbIBAIONIX HAYAJILHBII 9TAIl aBTOPE30HAHCA, aHaTH3IPY-
I0TCsl PEIeHns C yIeTOM CJIydaiiHbIX BO3MYIIeHnii Tua “oesbtit irym’. [Ipobiema
YCTOMYINBOCTI PE30HAHCHBIX PENIeHnit OTHOCUTETBHO MTYMa CBOJUTCA K M3YUEeHUTO
ypasuennsa Kommoroposa. OCcHOBHOI Pe3y/IbTAT COCTOUT B MOy YeHUN ATTPHIOPHBIX
OIIEHOK JIJIsI pelleHtsl, KOTOPOe COOTBETCTBYET MaTeMaTHIECCKOMY OXKHaIaHUIO
KBa/IpaTa PacCTOsAHUSA OT PABHOBECHUS JIJISI BO3MYIIEHHONH TPaeKTOPUN.

Solitons and large time asymptotics of solutions for the
Novikov-Veselov equation

A. Kazeykina
Ecole Polytechnique, France; Moscow Institute of Physics and Technology,
Russia
e-mail: kazeykina@cmap.polytechnique.fr

The Novikov-Veselov equation is a (2+41)-dimensional analog of the renowned
Korteweg-de Vries equation, integrable via the inverse scattering transform for
the 2-dimensional stationary Schrodinger equation at fixed energy:.

The first part of the talk is devoted to the study of existence/absence
of localized solitons for the Novikov-Veselov equation. In particular, we show
that, unlike its (1+1)-dimensional counterpart, the Novikov-Veselov equation at
nonzero energy does not possess sufficiently localized soliton solutions. In the
second part, we study the question of the asymptotic behavior of solutions to
the Cauchy problem for the Novikov-Veselov equation at nonzero energy under
assumption that the scattering data for these solutions are nonsingular.

Methods of analysis include, in particular, the study of complex geometrical
optics solutions for the stationary Schrodinger equation, d-bar problem, theory of
generalized analytic functions, stationary phase method.
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YHucsieHHBIIA MeTOoa HAXO0XK/IeHNUs 3HAaUYeHUid COOCTBEHHBIX (DYyHKITHUII
JUCKPETHBIX OIIepaTOPOB METOA0M PeryJiipu30BaHHBIX CJIEJ/IOB

C. H. Kakynikun
MarauToropcknii rocyiapcTBennubiii yausepcurtet, . Maranroropcek, Poccns
e-mail: kakushkin-sergei@mail.ru

PaccMoTpuM 3a/1a1y HaX0XKIeHNUs 3HAUCHUIT cOOCTBEHHBIX (DYHKITUIT orlepaTopa
T+ P
(T + P)u = uu,

rae T - JUCKPeTHLI MOJyorpaHndyeHHblli CHU3Y onepaTrop, P - orpanndeHHblil
orepaTop, 3ajJaHHble B cenapabebHOM THILOEPTOBOM MpocTpancTBe H ¢ 00-
nacThio onpejenerns B D. IIpemonozKum, 9T0 M3BECTHBI COOCTBEHHBIE UHC/IA
{\}5°, omeparopa T', 3aHyMepOBaHHbIE B MOPs/IKE BO3PACTAHUS UX BEJUIUH,
OPTOHOPMEpPOBaHHbIE cOOCTBeHHbIe PyHKIN {vy, (2) }2° |, COOTBETCTBYIOMINE ITHM
coOCTBEHHBIM 4mcjIaM u obpazytoriue 6a3uc B H. Obo3HaunM depes ng KoJude-

CTBO BCEX HEPABHBIX JPYT JPYTY A, JEXKAIUX BHYTPU OKPY2KHOCTH 17, pajnyca
. ’)\no—i-l + )\no‘

Png C IEHTpOM B Ha4aJie KOOpAMHaT KOMILJIEKCHOI IIJIOCKOCTH.

[Tycts {p,}0 - coberBennbie wncsa oneparopa 1+ P, 3aHyMepoBaHHbIE B I0-
pSIJIKe BO3PACTAHNS UX JEHCTBUTEILHBIX dacTeil, a {u,(x)}2, - coorBeTcTBYIO-

e UM cOOCTBEHHbBIE (PYHKITUN.

_ 2P
- |>‘n+1*)‘n| <
1, mo 3nauenue npoussederun cobecmeennot dynryuy u,(x) Ha ee conpasrtcen-

Teopema. Ecau das ecexn € N 6binoanA0mMeA HEPABEHCMEA (y,

HY10 Tp(Y), Npu M006T SHAYEHUAT apeymenmos x, y € D, moorcro watimu no
dopmynam:

o @)T(y) = — (M ()T () +
t n
+ Z[ag)(n, x,y) — cvg)(n —1,, y)]) + E‘il)(n, x,y), (1)
k=1
2de Oas ?:il)(n, T,Y) CNPasediusv. 0UEHKU
gl < Wles, 2 v n, n-T

3decw

—1)*
o ) = S [ N0, 20) 0 P o K,y Vi

T

33



- k-muie nonpasku meopuu 603Mm enutl K ,,636eWeHHOT " cnexmpasvHol HK-
”
uu onepamopa T' + P wuenozo nopadka p; onepauus ,,0“ 66odumcsa no npasu.i
’ ”

(KoPoQ)(x,y,\) = /K(:E,z,)\)PZQ(z,y,)\)dz;
D

00 2
Kr(x,y,\) - adpo pesoaveenmu, Ry(T) onepamopa T'; S, = sup (Z 5 1_/\> :
Ao Ni=1 0

lvi(z)| < Cy Vi=1,00, q= Max g
nz
[Tpasble yactu ypashenuit (1) IBHO BBIPAXKAIOTCA Y€pe3 COOCTBEHHbIE YUC/IA 1
cobeTBeHHbIe (DYHKIMN HEBO3MYIIEHHOIO CaMOCONpPsizKeHHOro oneparopa 1. Uc-
10JIb3Ysl TEOPEMY O BBbIUETAX U CIEKTPAJIbHOE IPeJCTaBJIeHNIE sijipa Pe30JIbBeH-
o1 K7 (2,9, \), noaydennbl anaantudeckine hopMyJibl, yI00HbIE /IS HAXOXK JICHUs

,,B3BEIICHHBIX * TTOIIPABOK TEOPUM BO3MYIIEHUI oz,(Cp )(no,x,y) U OLEHKM JIJIsl HUX

1.

B ciy4ae, eciin coberBernbie (byHKIUNT Uy, () Bo3MyIeHHOTO otiepatopa 1 + P
SIBJIATOTCA (DYHKIUAMHI JTeHCTBUTENHHON TIepeMeHHOM, TO /IS HaXOXKJIeH!us 3Ha-
YeHUi COOCTBEHHBIX (DYHKIUH B y3/1aX JUCKPETH3AIIN, HCIOJB3YsT hopmyay (1),
JIOCTATOYHO B KAUeCTBE apryMEHTOB X U Y B34Thb OJIHO U TO YK€ UNUCJIO U M3BJIEUD
Koperb u3 mpaBoii dactu (1). Ecam coberennbie dynkimm u,(xr) npuanMaioT
KOMILJIEKCHBIE 3HAUEHNUsI, TO IBHO HAHTH 3HaUeHne COOCTBEHHON (DYHKIINN, HEIO-
CPEJICTBEHHO UCTIOJIBb3Yst (popMyJibl (1), HeJb3s, TaK Kak IPOU3BEIeHUs Uy, (X )Ty, (1)
JIAI0T JINIH MOJYJIb KOMILIEKCHOTO 4ncia. B pabore [2] paspaboran anropurwm,
MIO3BOJIAIONINIT 0OONTH 3Ty TPYIHOCTD.

Pesysibrarsl, moydennbie pazpadbotanubiM MeTogom PC, cpaBHuBa/INCH ¢ pe-
3yJIbTaTaMi, MoJydeHHbIME u3BecTHbIMU MeTogamu (A. H. KpeutoBa u A. M.
Z[aHMJIeBCKOFO). [Ipu aTOM B 1poIiecce BbIYUCICHUS 3HAUEHUIT Nn-0if cOOCTBEHHOI
QYHKIINN N3BECTHBIMI METOJIAMU TIOSB/ISIOTCS 3HAYEHUS COOCTBEHHBIX (DYHKITHI
¢ 1 o n-yio, Torga kak Meroj, PC 103BoJisieT BBIUNCINTHL 3HAYEHHE N-Off cO0-
CTBEHHOI (PYHKITUN HETIOCPEICTBEHHO.

[1] Kaguenko C.M. Beraucienune 3uadennii cobcTBeHHbIX (DYHKIHH JTHCKPETHBIX
[IOJIYOI' PAHNYEHHBIX CHI3Y OIIEPATOPOB METOJ0M PEery/isipI30BaHHbLIX CJIEJI0B
/C. U. Kaguenko, C. H. Kakymkun // Becrauk Caml'V, EcrectBenHoHay I-
Hast cepusi, — Camapa, 2012. — Ne6 (97). C. 13 — 21.

2] Kaguenko C.U. Merojuka HaxoXKJeHUsI 3HAUEHUT COOCTBEHHBIX (DyHKIMIT
BO3MYIIEHHBIX caMoconpszkeHHbIX orepatopos /C. U. Kamuenko, C. H.
Kakymkun // CoBpemeHHbIe TTPOOJIEMbI PUKJIAIHON MATEMATUKE, TEOPUH
yIpaBJ/iennsd u MareMaTndeckoro mogennposanusd , [IMTYMM — 2012%: ma-
Tepuasibl V Mexiynaponoit kondepennun, — Boponexk, 2012. C. 147 — 149.
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Solution of the equivalence problem for Emden-Fowler equation

V.V.Kartak
BSU, UGATU, Russia

e-mail: kvera@Qmail.ru

Emden-Fowler equation is the following nonlinear second order ODE:
Y =aX"Y™, a = const # 0.

[t has important applications in Astrophysics and Nuclear Physics (in particular,
Thomas-Fermi equation is y" = 27 "/2y%/2), see [1].

In this paper the complete set of the equivalence classes of the Emden-Fowler
equation under the general point transformations is found, see for comparison [2].
Here Z is an point symmetries algebra.

No. m n normalize form invariant  dim(Z2)
1 0,1 A4 - y' =0 8
2 2 ) ) __Q y// — y2 2

) 7
3 2 —1%5 y' =y +1 1
Oa T _57

4 2 7;_277,_2 Y=yt 4 2 k 1

5 -3 0 y' =y

6 -3 #0 y" ="y =3, n >0, n? 1

-3,0, m

! iﬁ 1,2 0,~(m +3) V' = m 2
7é _3707 m+3 "o ym

8 751’2 T2 ¥y = m(m—1) +y m 1
75 _370a 7é _mT—',-S’ " o__ ym 4y

In terms of the invariants of the equation (more details are in [3])

y" = P(z,y) +3Q(z,9)y + 3 R(z,y)y” + S(z,y)y". (1)

for every class 1-9 the criterias are given. It means that if the necessary
and sufficient conditions from the criteria are true, equation (1) is from the
corresponding class of Emden-Fowler equation (i.e. (1) is equivalent to the
corresponding normalize form).

[1] V. F. Zaitsev, A. D. Polyanin, Handbook of ordinary differential equations.
Moscow: Fizmatlit. 2001.

|2] C. Bandle and L.A. Bordag, FEquivalence classes for Emden equations.
Nonlinear Analysis. V.50. 2002. Pp. 523-540.
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[3] R.A. Sharlpov Effective procedm’e of point classtfication for the equations y”
P+3Qy +3R y’2 + S y . Electronic archive at LANL, MathDG #9802027
1998, pp.1-35.

AHanuTUYeCcKoe OMuCcaHue COJUTOHOB U CJIA0OOHEJIMHEHBIX BOJIH HA
¢doHe crimpaJbHOI CTPYKTYPhI

B.B. Kucenesn, A.A. Packxosanos
UucturyT dbusukn meramwios YpO PAH, r. ExarepunOypr
e-mail: kiseliev@imp.uran.ru

Teoperudeckoe nccjieloBaHne KOJJIEKTUBHBIX BO30YXKIEHUIl B CHUJIBHO HeJIH-
HEMHBIX MTePUOINIECKUX CTPYKTYpaxX IPEJICTaB/IsIeT CJOXKHYIO U JIO CUX IOP Ma-
JouccaeoBannyo 3agady. CooTBeTCTBYIONNE TUHAMUIYIECKNE YPABHEHUSI MOIYT
OBITH PeIIeHbl TOJIBKO C IIOMOIIBIO CIIeHAJbHBIX METO/IOB NHTEIPUPOBAHIMSI.

MaI pasBu/n nporeypy mHTerpupoBanund mojenn sine-Gordon npu Hajandnu
crpaJibHoOi (mostocoBoit gomennoit) crpykrypst [I, [2], [3]. Ona npecrasisier
“oneBanue” (pOHOBOI CTPYKTYPHI C IOMOIIBIO 3aJiaun PruMaHa Ha prUMaHOBOI 110-
BEPXHOCTH, CBsA3aHHOI cO cTpyKTypoil. Ha ocHoBe Momesn, aHAJIUTUYECKH OIIN-
caHbl HOBBIE COJIMTOHBIL: ‘JIMNIHIE JOMEHHBIC CTCHKHU U UX CBA3AHHDLIC COCTOSHUA
— Opusepnl. IIx obOpasoBaHme 1 JIBUXKEHHE BCEIJia COIPOBOXKIAETCHA JIOKAJJIbHBI-
MU TPaHCAAIUSIMUA (POHOBOI CTPYKTYpPhI. Takume TpaHC/ISIUN MOYKHO HAOJII0IATh
MarHUTOOIITHYECKUMEI MeToIaMi. JacToThbl BHYTPEHHUX OCIUJIISING OpU3epoB B
CIIIPAJIBHOI CTPYKTYpE JIe2KaT HIKE CIEKTPa JacTOT CTOSUYUX BOJIH B CTPYKTY-
pe, 03TOMY OpHu3epbl MOI'YT OBITH 3a(UKCUPOBAHbLI 110 ITOIJIOIMIEHUIO MOIIHOCTH
BHEIIIHEll HaKayKU.

MBI TTOIy9IWIN CIIEKTP SHEPrUM JJjIsd HEJIMHEHHBIX BO30YKJIEHUI B CIIPAJIb-
HOIl CTPYKTYype, BKJIIOYAIOIINI COJIMTOHBI U CJa0OHEIMHETHbIe BOJIHBI. Perrenne
HaYaJIbHO-KPaeBOil 3a/a4l 10 ONMCAHUIO HEeJUHENHON JIMHAMUKN COJUTOHOB U
BOJIH B CTPYKTYPE CBEJCHO K PEIIeHUIO JIMHEHHbIX NHTEerPpaJbHbIX YpaBHEHUIT Ha
Tope.

[1] B.B. Kucenes, A.A. Packosasio, TM®, 173, Ne2, c. 268-292 (2012).
2] B.B. Kucenes, A.A. Packosasos, ®MM, 113, Ne12, c¢. 1180-1192 (2012).
[3] B.B. Kucenes, A.A. Packosasios, 2K9T®, 143, Nel (2013).
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The loss of smoothness twice for outer function compared to its
module

S.V.Kislyakov, A.Medvedev, A.V.Vasin
PDMI, Sankt-Peterburg
Pb State University, Sankt-Peterburg
State University of Marine and River Fleet,Sankt-Peterburg
e-mail: andrejvasin@gmail.com

The well-known theorem of Carleson-Jacobs-Havin [I] claims about the loss of
smoothness twice for the outer function ® with modulus |®| € Lip a. Kislyakov
has noticed that the above theorem is essentially local, if the smoothness is
measured by means of special integral modules of continuity. Namely, consider the
point ¢y € T, and constants a,d > 0,0 < a < 1 such that |p(t)—o(to| < alt — to|*
and d = [ |log¢| < oco. Then the outer function ® with modulus |®| = ¢ for
arbitrary arc I 3 t, satisfies

1
wt(; [ 12 - ) < Claa)?, 1)
¢ I

If (1) holds uniformly over all points ty € T, then the Campanato inequality
ensures that ® € Lip /2. It turns out that acting in the similar way we can
extend the result to Lip o with 0 < a < 2.

Local "one-half smoothness"theorem. Suppose we are given the point
to € T, positive constant a,d,0 < « < 2. Let be |o(t) — o(to| < alt — to|® for
arbitrary t € T and d = [ |log ¢| < co. There is a constant C(a,d) independent
of ¢(ty) such that for arbitrary arc I > ty we have

1 .
(o [ 19— 72 < Cla,alr”, (2

where inf s taken over the set of polynomials of the first degree.

This theorem is a good local form of the Carleson-Jacobs-Havin theorem
because of the following reason. If the estimates (2) hold uniformly over ¢, € T,
then the variations of the John-Nirenberg theorem [2] induce

inf || @ — 7l < O],

After this applying the Marchoud inequality for polynomial modules of continuity,
we obtain the original (global) "one half smoothness"theorem now just as a
consequence of the above local result. Once more advantage of the local theorem is
application to estimates for special maximal functions in the homogeneous spaces.

[1] Havin V.P., Generalization of the Privalov-Zigmund theorem on module of
continuity of conjugate function.-Izv. Akadem. nauk Armyansk. SSR, ser.

Matem., VI, 2-4 (1971).
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2] S. Kislyakov, N. Kruglyak Extremal problems in interpolation theory,
Whitney-Besicovitch coverings, and singular integrals( in Press).

O perneHusX aHU30TPONHBIX MapabOIMIYeCKNX ypaBHEHUI ¢ JABOMHOM
HEJIMHEMHOCTHIO B HEOTPAHWYIEHHBIX 00/1aCTIX

JI.M. KoxxeBuukoBa, A.A. Jleonmuves
CrepanramMakckuii dpuanal Barmkupekoro rocyiapcTBeHHOr0 YHIBEPCUTETA,
Poccus

PaboTa mocBsiena HeKOTOPOMY KJIACCY aHU30TPOIHBIX TapaboInIecKnX ypaB-
HEHUIT BBICOKOI'O ITOPsIKa C JABOMHON HEJINHENHOCTLIO, IIPEACTaBUTE/IEM KOTOPOTO
ABJIACTCA MOJCJIbHOEC YpaBHCHUE BU A

(luf*2u) = S (= 1) D | D™ Do

a=1
miy,....mp €N, p,>...>2p1 >k k>1

[t TaKOro ypaBHEHUS paCCMaTPUBAETCS MepBas CMellanHas B IIJINHIPUIECKOiT
obactn D = (0,00) x € ¢ HeorpanmuenHoit obiacreio ) C R, n > 2, oxHo-
POJIHBIM KpaeBbIM ycjioBueM Jlupuxie n puHUTHON HavaIbHONW (PYHKIUEH ©.

Cy1iecTBoOBaHME CUJILHOTO PEIIEHUST JIOKA3aHO METO/IOM TaJIEPKUHCKUX TTPHOJIN-
JKEHHU, CI10co0 MOCTPOEHHUsI KOTOPBIX JIJIS MOJEIbHOIO M30TPOIIHOIO YPaBHEHHSI
BTOpOTO TopsiaKa panee ObL1 mpeaokern O.X. MykvunosbiM 1 D.P. Annpusto-
BOI1 [1] Ha ocHoBe rajiepkMHCKNX TPUOJIUKEHU 1MTOTydeHa OIEeHKa JIOIYCTUMOi
CKOpPOCTHU yObIBaHUSA peIeHnst

)| @) = Il (Clp)t+ 1)t >0, C(p) > 0.

s obsracTeii, paciIoNOzKEeHHBIX BIOJb BBIICJICHHON OCH, YCTAHOBJICHA OIICH-
Ka cBepxy. B wacrHoctn, juis obsacreit Bpamenus Q(f)[s] = {x = (x},zy)
€ R,| s > 0, |¥4] < flzg)}, s € 2,n, X, = (T1, .00y Ts—1, Tst1, - Tp),
0 < f(xs) < 00, YAOBIETBOPSIIONINX YCJIOBUSIM

lim (lnr)_l/ frpmpams) (1) dy = oo,
1

e
sup {f(z) | 2 € [p— /) (2) 3 4 f(plml)/(psms)(x)]} <wf(x), 0> 1,
OHa IIpHMHUMaET BUJL
()| Loy < Mt/ =Ry >0 € (0,1), M >0.
[Tepeunciennbie pe3yIbTaThl JJId ciaydasd m, = 1, a = 1,n, paHee yCTaHOBJICHDI

B [2].
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[1] 9.P. Aunpusinosa, @.X. Myrmunos, Ouenka chusy ckopocmu yowveanus pe-

WEHUA NAPABOAUNECK020 YpasHERUA ¢ 060THOT Heauneldnocmblo. Y HUMCK.
marem. xkypu. T. 3, 3(2011), C.3-14.

2] JT.M. Kozkesrukosa, A.A. JleourbeB Quenku pewenus aHu30mponHoz0 napa-

boAUNECK020 YPasHEeHUA ¢ 060TMHOT HeAunetnocmblo. Y HUMCK. MaTeM. XKYPH.
T. 3, 4(2011), C.64-85.

KBaHTOBOpaBMeprIe ABJICHNA B OPraHNYe€CKNX MN30JIATOpax

A.H. Jlauyunos
NOMK YHII PAH

e-mail: lachinov@Qanrb.ru

HenaBuo OBLIO YyCTAHOBIEHO, UTO TIPHW BBIMTOJTHEHUH OIPEIE/JTHHBIX YCJIOBHIA,
KOHTAKT JIBYX M30JIATOPOB MOYKHO pacCMaTpUBaTh KaK KBaHTOBYIO dMy. B Ha-
CTOSIIEM JIOKJIaJIe aHAJU3UPYETCs BO3MOXKHOCTh Pa3MEPHOI0 KBAaHTOBAHUS BJIOJIb
unTepdeiica IByX MOJUMEPHBIX OPraHTIECKUX U30/IATOPOB U CO3/IAHIA KBAHTOBOI
SIMBI, 3aITOJIHEHHON KBa3UJIBYMEPHBIM 3JIEKTPOHHLIM ra3oM. [IpuBoadarcs pesyib-
TaThbl SKCIIEPUMEHTAJIbHBIX UCCJIEIOBAHUIA.

Dynamics of the cosmological scalar fields with singular potentials

V.A. Koutvitsky, E.M. Maslov
IZMIRAN, Russia

We investigate the dynamics of the inflaton scalar field ¢(¢, r) governed by the
nonlinear Klein-Gordon equation in the Friedmann-Robertson-Walker Universe,

¢r +3Hoy — a?Ap+ U'(¢) =0,

where a(t) is the scale factor, H = a;/a is the Hubble parameter. We consider
the potentials having singularity at their minimum, |U"(¢)| — oo (¢ — 0).

First, the rapid oscillations of the homogeneous background ¢(t) near the
minimum are studied. These damped oscillations determine growth of the scale
factor a(t) through the Friedmann equations in which the effective pressure and
energy density are p = ¢2/2 — U(¢), p = ¢7/2 + U(¢) [1]. To describe the
oscillations we make the transformation (¢, ¢;) — (p, 0), representing the field
as ¢(t) = ¢(p, ), where p and 0 are slow and fast variables. In the Van der Pol
approximation their evolution is governed by

pr = —2V67Gp**y(p), 6 = w(p),
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where the functions v(p) and w(p) are determined by the potential U(¢).

As examples, we consider two singular potentials, U = (m?¢?/2)(1—In(¢/0)?)
and U = —m?¢?/2 4 (3X/4)¢*/3. For these potentials we calculate the equation
of state parameter w = p/p = v(p) — 1 and show that in some range of p it
lies in the interval —1 < w < —1/3, providing the accelerated expansion of the
Universe.

Then we examine the resonance amplification of the inhomogeneities d¢(¢, r) on
the oscillating background ¢(t). The Fourier k-modes of §¢ satisfy the singular Hill
equation with slowly varying parameters p and k/a. Using the stability-instability
chart, calculated by the generalized Lindemann-Stieltjes method [2], we argue that
the field inhomogeneities can be significantly amplified when the representative
trajectories of the parameters cross the resonance zones.

[1] M.S. Turner, Phys. Rev. D, 28, 1243 (1983).
2] V.A. Koutvitsky and E.M. Maslov, J. Math. Phys., 47, 022302 (2006).

CBezieHne 3a/1a9M O MOJHOTE CUTCTEM SKCIIOHEHT U3 BBINMKYJIOM
obJiacTu C IJIaJIKOi TpaHuIeii Ha KPyr

Maxora A.A.
Bamkupcknit ['ocynapcrBennsiit Yausepcutet, ¥ da, Poccust
e-mail: allarum@mail.ru

[Iycte D — orpanntdeHnast, BBITyKJIast 001aCTh KOMILIEKCHOI mtockocTn, H (D)
— IIPOCTPAHCTBO aHAJUTUYECKNX B ) PYHKIUII ¢ TONOJIOrMell paBHOMEPHOI CXO-
muMocTu Ha KoMiakTax. C KazKIbIM MHOYKECTBOM KOMILIEKCHBIX duce A = { A},
B KOTOpOE UHCJIa Ap MOTYT BXOAUTH C HeKOTOpoil KpatHocThio ny € N|J{0},
k=1,2,..., cBA3bIBAETCS CUCTEMA IKCIIOHEHIINAJIbHBIX MOHOMOB

expA = {NeM k=1,2,..., j=0,...,m}.

PaccMmorpum 00J1acTi ¢ JIBaXKbl HEIPEPBIBHO i depeHIupyeMoii OIopHOi
bynxumeit h(p) = max, 5 R(e'?2). Homoxum
M = max (h"(¢) + h(¢)). (1)
pe[0;2]
3 reomerpuieckoit mHTepIpeTAIN OMOPHLIX (DYHKIN caemayer, uTo M — 310
MaKCUMaJbHBIN Painyc KPUBU3HBI B TOYKAaX IPAHUIILI o0acT D.

Cymmoit A" + A" nsyx nabopos A" = {(Aj,ng)} n A" = {(\],my)} Oynem
HA3bIBATH 00BEIUHEHNe MHOKECTB AL, A}, k = 1,2, ..., ¢ KpATHOCTBIO Ny, WIH My,
ecJI TOYKa, MO IaeT TOJbLKO B OJWH U3 HAOOPOB, W ¢ CyMMAapHON KpaTHOCTBIO,
ec/IM KaKas-TO TOUKa MOoIMaaeT B 00a MHOXKECTBA.
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B nmanbueiimem uyepe3 L Oyjaem 0003HaYaTh KaKyO-HUOYIb (DUKCHPOBAHHYIO
1esyto yHKINIO, YIOBIECTBOPSIONLYIO yeaoBusiM Teopembl FOmmyxamerosa P.C. o
MPUOJMKEHUN CyOrapMOHNYECKO (PYHKITUN JIorapruMoM MOy 1e1oit (hyHK-
. Yepes Ay obo3HadnM MHOXKeCTBO Hyseilt (pyHKIun L ¢ y9eToM KpaTHOCTH.

Teopema 1. Cucmema sxcnonenm exp A ne noana 6 npocmpancmese H (D) mo-
2da u moavko mozda, xozda cucmema exp(A + Ag) me noana 6 npocmpancmee
H(Kyy), ede Ky — wpye paduyca M ¢ yenmpom 6 wyae.

B kadecTBe npumMepa mojipobHO paccMaTpUBaETCs caydail, Koraa [J) — 3JITuIC.
ceneioBanue BBITIOJIHEHO TIPU TTOjIepykKke MuHmcTepecTBa 0Opa3oBaHns 1 Ha-
yku Poccuiickoit @enepannm, cornamenne 14.837.21.0358.

3D integrable Hamiltonian systems: the structure and bifurcations

L.M. Lerman
N.I.Lobachevsky Nizhny Novgorod State University, Russia
e-mail: lermanl@mm.unn.ru

We describe the topology of Liouville foliations for integrable Hamiltonian
systems in three degrees of freedom. This includes the structure of a system
under study near saturated neighborhoods of singular points which supposed to
be simple (as 0-dim Poisson orbits) and the description of possible bifurcations
that can occur along 1-parametric families of periodic orbits, 2-parameter families
of 2-dimensional isotropic tori. Since these families contain parameters, one can
meet degenerations (periodic orbits, 2-dim tori) along the family that cannot be
described by invariants of |2, B] and require a special study. In particular, we
present related bifurcation diagrams, invariants of isoenergetic conjugacy (where
found), the monodromy where exists, the structures of saturated neighborhoods
for degenerate periodic orbits (1-dim compact Poisson action orbits) and their
bifurcations, the same is done for degenerate invariant tori (2-dim compact Poisson
orbits).

The talk is based on previous results [2, [I] and recent results.

This research was supported in part by the Russian Foundation of Basic
Research (grant 11-01-00001a)

[1] L.M. Lerman, Isoenergetical structure of integrable Hamiltonian systems in
an extended neighborhood of a simple singular point: three degrees of freedom.
In the book: "Methods of Qualitative Theory of Differential Equations and
Related Topics Supplement, L. Lerman, G. Polotovski, L. Shilnikov (Eds.),
vol. 200 of American Mathematical Society Translation Series 2, AMS,
Providence, RI, 2000, pp. 219-242.
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2] L.M. Lerman, Ya.L. Umanskiy. Four-Dimensional Integrable Hamiltonian
Systems with Simple Singular Points (Topological Aspects), Trans. Math.
Monographs, 176, AMS, R.I. (1998).

3] A.V. Bolsinov, A.T. Fomenko. Integrable Hamiltonian Systems. Geometry,
topology, classification, Chapman& Hall, Roca Baton, FL, pp.730 (2004).

Interpolation with multiplicities from the points on the real axes by a
series of exponentials converging in the space of entire functions

S.G. Merzlyakov, S.V. Popenov
Institute of Mathematics with Computer Center, Ufa, Russia
e-mail: spopenov@gmail.com

Let {t,} be an infinite discrete sequence of points on the real axes of the
complex plane C (nodes of interpolation) and {m,}, m, > 0, be a sequence of
integers (multiplicities of the points t,). Let {\,} be an infinite discrete sequence
of complex points, which has finite upper density, and » |)\n\71 < o0, and
lyn| < Alxy|, where A, = z,, + iy,.

We prove that for any locally holomorphic function f(z) on the sequence {t,}
there exists a series of exponentials g(2) = > a;exp \;z, converging in the
topology of the space of all entire functions, such that |f(z) — g(z)| = O(|z —
t,|™ 1), when 2z — t,. So we prove that it is solvable the following problem of
interpolation with multiplicities from the nodes of interpolation on the real axes
by means of series of exponentials in the space of all entire functions: for any
entire function f(z) there exists a series of exponentials g(z) = > 2 a; exp A;z2,
such that f¥)(t,) = ¢®™(t,), k=0,1,...,m,.

The problem of interpolation from finite set of points on the real axes by means
of the finite sums of exponentials is discussed in [1].

Note that in particular we give a new proof of the result from the paper [2]
wherein the sequence {\,} is the zero set of an entire function of the exponential
type of growth and interpolation is realized therein by means of the function g(z)
from the closure of linear span of exponentials {exp A, 2}, thus we futhermore solve
the problem of interpolation by means of functions from a set which is smaller
then in [2].

We give the examples showing that the condition |y,| < Alz,| is essential for
the problem of interpolation from the points on the real axes by means of series
of exponentials in the space of all entire functions and we also show that all the
frequences A, of exponentials may be chosen only in the right halfplane in the
case where all the nodes of interpolation ¢, > 0.

We plan to discuss the conditions for solvability of the interpolation problem
in the space of all functions which are holomorphic in the right halfplane.
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[1] P. Henrici, Applied and computational complex analysis. V. 1,2,3, A Wiley—
Interscience Publication, 1974, 1977, 1986.

2] V.V.Napalkov, A. A. Nuyatov, The multipoint de la Vallé-Poussin problem
for a convolution operator, Matem. Sbornik, 203:2 (2012), C. 778H*-86 (in
Russian).

Riemann-Hilbert problem and mKdV equation with step like initial
data: Parametrixes for elliptic wave region

A.A. MunakoB
OTUHT um B.M.Bepkuna HAH Ykpanssr
e-mail: minakov.ilt@gmail.com

We consider the modified Korteweg — de Vries equation on the line. The initial
function is step-like, that is it tends to some constants when z — +o00. Our goal is
to study the asymptotic behavior of the solution of the initial value problem as ¢t —
oo. For elliptic wave region the parametrixes in Airy function and its derivative
are constructed. Main methods are method of Riemann — Hilbert problem, the
g-function method and the nonlinear steepest — descent method.

O6 oaHOII TIepuoaANYEecKOoiil 3aaue 49eTBEPTOro IMOPAAKa C
CyMMUpPyeMbIMU KO3(dUImeHTaMM

C.A. MurpoxuH
HUBIIL MI'Y um. M. B. Jlomonocosa
e-mail: mitrokhin-sergey@yandex.ru

PaccmaTpuBaeTcs nepnonndeckast KpaeBas 3ajiada JIjIs ollepaTopa 9eTBEPTOro
MOPsAJIKa ¢ CYMMUPYEMBIM ITOTEHIIMAJIOM C IVIaJIKOi BecoBoii dpyukiueit. Haiinena
ACUMIITOTUKA PeIeHnii COOTBETCTBYIONUX M depeHnaj bHbIX YpaBHeHnil npu
OOJTBININX 3HAYCHUSX CIIEKTPAJLHOIO MapaMeTpa. BbrancjieHa acuMITOTHKA COO-
CTBEHHBIX 3HAYCHUIl nCC/IeyeMOil KpaeBoil 3a/1a4n.
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O JaumHeapu3aluy CTOXaCTHYECKNX AN dpepeHImaabHbIX ypaBHEHUTI
MepPBOro IOps/IKa.

Hacwipo @.C., Aboaynaua M.A.
Y buMcknii rocyJ1apCTBeHHBII TeXHUIECKUN YHUBEPCUTET
e-mail:farsagit@yandex.ru, 79marat97@rambler.ru

PaccmarpuBaercs 3ajata HAXOKICHUS 3aMeHbI epementoii 7(t) = g(t, (1)),
KOTOpAsl MEPEBOJIAT CTOXAaCTHIecKoe g depeHImaibHoe ypaBHeHe

§(t) = &(0)=0(t, (1)) » dW()+b(t, £(t))ds,  £(0) = &o. (1)
B JIMHEITHOE cToXacTuieckoe auddepeHnnaabHoe YpaBHEHIE

dn(t) = Als)n(s) = dVV (s) + B(s)(s)ds. 2)

Teopema 1. I[lycrb ¢yukims o(s, &) # 0, Torga 3aMeHa mepeMeHHbIX
t £(t)

ot = e | [ Listois +4 [ —sde |

0 £(0)

rie L(s, &) = B(s) — W — A f s @+ A f Ut df peobpasyer
£(0)

ypasHenne (1) B (2).

Teopema 2. 3amena nepementoit & = ®(t,1;), OCYIIECTBIISIONAST [IEPEXO, OT
ypasaenust (2) K ypasrenuto (1), ectb perieHne cToxacTHIeckKoro uddepe-
MAJLHOTO YPABHEHUSA

B(t)
At)

Pabora Bbinosinena mpu (punancoBoil nojiepxkke rpanta 11.G34.31.0042 npasu-
TesibeTBa P® 110 mocranosiennio 220.

; 7; * dT]t + (t gt) (t €t>

[1] Hacpipos @©.C. JlokaJibHbIe BpeMeHa, CUMMEeTPUYHbIE NHTEerPaJIbl U CTOXaCTH-
yeckuii agaans. -M.: Ousmariaur 2011. -212 c.

2] Grigoriev Y.N., Ibragimov N.H., Meleshko S.V, Kovalev V.F. Symmetries
of integro-differential equations with application in mechanics and plasma
physics. Springer Science+Business Media B.V. 2010 — 305 p.
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06 penynupoBanHubix gedopmanugax Illaesnarepa m I'apabe

J1.I1. HoBukoB
OMI'TY, e-mail: nvdmpr@mail.ru

B yciioBusix nzomonoapomuoit jedpopmaniun [lnesnnrepa u ['apube moppazyme-
BaeTCs HE3aBUCUMOCTDH U3MEHEHUsI PEryJIIpPHbIX TOUEK B COIPOBOXKIAIONINX (DYK-
COBBIX ypaBHEHHsIX. B JI0Kjajie paccMaTpuBalOTCs PEAYKIIMU 3TUX JedOpMallnii,
KOI'JIa U3MEHEHUS PEryJIIpHBIX TOUeK (PYHKIIMOHAJIBHO 3aBUCHMBI.

Symmetry groups for a class of quasilinear pseudoparabolic equations

A.V. Panov
Chelyabinsk State University, Russia
e-mail: gjd@bk.ru

Quasilinear partial differential equation

QU — Uty = f(u) (1)

is considered, where a and f = f(z) are constant and functional parameters
respectively, u = u(t, x) is an unknown function. Such equations describe physical
processes in semiconductors with a #£ 0 and f(z) = e* or f(z) = z [1]. Methods
of group analysis [2, B] were applied for symmetry properties research of the
equation. Some results of this investigation are formulated below.

Theorem 1. The kernel of principal Lie algebras for the equation (1) with
a # 0 has a basis of the operators

0 0
Xi1=—, Xo=—.
Yo T o
In the case of a = 0 the basis has a form
0 0 0 0
Xi=—, Xo=—, Xg=0——2t—.
e T o T e T o

Theorem 2. The basis of principal Lie algebra for the equation (1) with a # 0,
f(z) = e* consists of the operators

0 0 0 0
Xi=—, Xo=—, Xzg=t— — —.
o T o T e au
In the case of o = 0 it can be chosen as
0 0 0 0 L0
Xl = a—x, X3 = CC% — Qta, X3 = T(t)& — T (t)%

Theorem 3. The principal Lie algebra of the equation (1) witha # 0, f(z) = z
has a basis of operators

0 0 0
a, XQ = % X4 = b(t,x)—

X p—
! ou

, X3 = U%a
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[1] A.G. Sveshnikov, A.B. Alshin, M.O. Korpusov, Yu.D. Pletner, Linear and
Nonlinear Sobolev Type Equations. FISMATLIT, Moscow, 2007.

2] L.V. Ovsyannikov, Group Analysis of Differential Equations. Nauka, Moscow,
1978.

[3] N.H. Ibragimov, Transformation Groups Applied to Mathematical Physics.
Nauka, Moscow, 1983.

Binsaune aKyCTu4YeCKHuX BOJIH Ha JMHAMMWKY ABY2KNIAKOCTHBIX Cpe/,

FO.B. Ilepeneuko, K.9. Copoknn, X.X. IMoMmHa3apoB
UncturyT reosorun n munepasiorun CO PAH, Hosocubupcek, Poccus
VHCTUTYT BBIYUCANTEILHON MaTeMaTUK 1 MaTremarudeckoit reopusuku CO
PAH, Hosocubupck, Poccust,
e-mail: perep@sibmail.ru

B pannoit pabore nccieayercd BO3IeHCTBIE BHICOKOUACTOTHBIX aKyCTUIECKIX
BOJIH Ha TedeHue reTepodasubiX ¢pejl B B JIBYXKUJIKOCTHOM NpuOInzKennu. Biu-
sHIe aKyCTUIeCKNX BOJIH Ha XapaKTep TeYeHWs B IOPUCTHIX Cpejax B MpuoJmKe-
run Jlapen ncerenoano B paborax [Il, 2]. Henuneiinbie ypaBaenus: ruapoiita-
MUKH JIBYX2KHIJIKOCTHON CPeJibl TIOJIyUeHbI B paMKaxX MeTO/a 3aKOHOB COXPAHEHNs

13, 4]

Opn . 0 . . 1 R
9Pn + div (p,u,) =0, pa—j + (j, V) s = —=div (/i?VT + I/W) + i

ot
ou
Pn n""(umv)un :_@ p_@ q_bw+ak(77nvn,zk)+VvT+g
ot p p
3necb n — womep dasbl (n = 1,2); p,, W, — HapluajbHble IIOTHOCTH U
ckopoctu az; p = p; + p; W = u; — Up; J = piuy + poly; Upip =

% (&Cum + Ot ) — %&kdivun); $§ — MaccoBasl ILJIOTHOCTb dHTpomnuu; 1 — Tem-
nepaTrypa; p — JaBJienue; v, 1,, b, Kk — Kunermdeckue KOI(PPUINEHTHI;, g —
yCcKopeHue cBobogHoro mnajienus. Juccunatuaas pyHKIns NpuHuUMaeT B R =
bw? + Kk (VT)? + 20 (VT, w) + MT g + 1203 i

YpaBHeHUsI PEIIauch METOJOM KOHTPOJILHOrO obbeMa [B], obecrednsarorym
BBINIOJTHEHIE 3aKOHOB coxpanenus. Mrepanuonnsiit ajsroputm SIMPLE 0Ob11 Mo-
TnUIITPOBaH I pacdéTa JIBYX M0JIeil JaBIeHUil p 1 ¢, XapaKTepU3yIomX JIBYX-
CKOPOCTHYIO TeTepoda3Hyio cpeay. JucaIeHHO UCC/ie/IoBaH HeCTallMOHAPHBIT KOH-
BEKTUBHBII TEIJIOMaCCOIEPEHOC B MPAMOYTOJbHON 00/1acTH ¢ ceficMUYeCKUM UC-
TOYHUKOM Ha BEPTUKAJILHON I'PAHUIIE U BJIUAHIE BHICOKOUYACTOTHBIX aKyCTUICCKITX
BOJIH H& Pa3BUTHE KOHBEKIINH.
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Pabora Bbinosinena mpu dunancoBoit nojuepxkke Munoopuayku PO (T'K Ne
07.514.11.4156).

[1] I.A. Beresnev, and P.A. Johnson, Geophysics, 59, 1000 (1994).

2] P. Poesio, G. Ooms, S. Barake, and F. van der Bas, J. Acoust. Soc. Am., 111,
2019 (2002).

3] I.M. Xanaruukos, Teopus ceeprmeryuecmu. M.: Hayka, 1965.
[4] B.H. Hoposckuit, leosorust u reodusuka, 7, 39 (1989).

[5] C.B. IMaratkap, Yucaenrovie memodv pewenus 3aday menioobmena u JuHa-
muru oicudkocmu. M.: Duepromsar, 1984.

Degenerate evolution equations with memory

O.A. Stakheeva
Chelyabinsk State University, Russia
e-mail: ostaQcsu.ru

Let Y and § be Banach spaces, operator L : Il — § is linear and continuous
(briefly, L € L£(;5F)), and operator M : Dy, — § is linear, closed and densely
defined in 4 (for brevity M € Cl(4;§)), domain Dy, of operator M is supplied
with the norm of its graph. We shall deal with the Cauchy problem

u(0) = ug (1)

for Sobolev type equation with memory effects

La(t) +/5K u(t — s)ds + f(t), (2)

where {K(t) € L(;F) : t > 0}, f: ][0, +00) — F are given.

Solution of the problem (1), (2) on [0,T), T € (0,4oc], is a function u €
CH(0,T); ) NC((0,T); Dy) NC([0,T); 4) satisfying the conditions (1) and the
equation (2) on (0,7).

Let ker L # {0}, operator M is strongly (L, p)-sectorial, p € {0} UN. Then
there exist projections P and () on spaces 4 and § respectively (see [1]). Let us
denote (M) = {u € C: (uL — M) € L(F;U)}, Y = kerP, U = imP,

= kerQ, §' = imQ. Besides, denote by Ly (M},) the restriction of operator L
(M) on 4* (domM;, = domM N U¥), k = 0,1. Then operator H = M, 'Ly is
nilpotent of a degree at most p.
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Theorem 1. Let an operator M be strongly (L, p)-sectorial, sup{Rep : p €
ol(M)} <0, K € C([0,4+00); L(LF)), for all t > 0 im K(t) C §, Qf €
C([0,T);§) for some a € (0,1) and every T > 0, (I —Q)f € CPT([0, +0); F),

P
uy € U, (I — Plug = — >, H-M; (I — Q)f)*)(0). Then there exists a unique
k=0

solution of the problem (1), (2) on [0,Ty) for some Ty > 0. If function QX :
0, +00) = L(L; F) is bounded, then there exists an unique solution of the problem
(1), (2) on [0, +00).

[1] Sviridyuk G. A., Fedorov V. E., Linear Sobolev type equations and degenerate
semigroups of operators. VSP, 2003.

Stability of autoresonance under random perturbations

O.A. Sultanov
Institute of Mathematics with Computer Center of RAS, Russia
e-mail: oasultanov@gmail.com

In recent years the study of autoresonance phenomena has received much
interest [1]. Specifically, the problem of stability of autoresonance model is
considered here. The main object of our research is the system of two differential
equations:
dr d
E:Sinzp, r[d—qi}—ﬁ—l—)\t =bcosy, b#£0, A>0,t>0,

where r(t), ¥(t) correspond to slowly varying amplitude and phase shift of fast
harmonic oscillations. These equations appear after averaging procedure in the
theory of nonlinear oscillations under external force with slowly varying frequency.
The solutions having increased amplitude are associated with autoresonance
phenomena. Because of nonlinearity of the considered model explicit formulas for
the solutions can’t be obtained. However, it is possible to construct an asymptotic
expansion for some particular solution:

Ro(t) = VAt +0@™Y), Uot)=m—t2V/A24+007Y), t— .
The stability of this solution under persistent perturbations is analyzed. The

perturbed equations are considered in the form:

dr )

= = (1+ p&)sin, T[E —7“2-1—)\75—!-#(} = b(1 + un)cosy,

where £,n,( are random processes defined on probabilistic space (2, U, P), (r, 1) €
R% ¢t >0, and p € R, || < 1 is the parameter characterizing the smallness of the
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perturbations. Our purpose is to identify the class of perturbations under which
the solution Ry(t),Wy(t) is steady. Random perturbations of the white noise type
are not considered here.

It is turn out that considered model is non-dissipative, therefore well-known
results [2] can’t be applied.

We define the class 90U of perturbations (&,n,¢): |€(t,w)| < t72/4~(r,w),
n(t,w)| <712 A(r,0), [((tw)] <t (W), ¥ (Y) e R 6> 1, 7 = w7,
K = A/44y/2/5. Where (7, w) is such that Im(w), T > 0: + tt+T7(19,w)d19 <
m(w), YVt > 1, w € Q. The expectation of the random variable m(w) to be limited:
Em(w)] < .

We have the following proposition:

Theorem. If b > 1/2, then the solution Ry(t), Wy(t) is stable in probability
under persistent random perturbations 91.

[1] L.A. Kalyakin, Russian Math. Surveys, 63, (2008).

2] R.Z. Khasminskii, Stochastic stability of differential equations. Springer, New
York, 2012.

An initial problem for a class of semilinear degenerate evolution
equations
V.E. Fedorov, P.N. Davydov
Chelyabinsk State University, Russia
e-mail: kar@csu.ru, davydov@Qcsu.ru

Let U, § are Banach spaces, operator L : 4 — §F is linear and bounded,
ker L # {0}, M : D(M) — § is linear, closed and densely defined, D(M) C
3. In the case of (L, p)-bounded operator M there exists a nontrivial projector
P € L(4) along the kernel of the identity of the resolving group for the linear
equation Liu(t) = Mu(t) on the image of the identity (see [1]), denoted by !
below. Consider the so-called generalized Showalter problem

Pu(ty) = uy. (1)
for the semilinear degenerate equation
Li(t) = Mu(t) + N(t, u(t)), (2)

with nonlinear operator N : U — §, where U is a set in R x il

Theorem 1. Let operator M be (L,0)-bounded, the set V =U N (R x U') is
open in R x U, the restriction of N : U — § on V is continuous with respect to
t and satisfies the local Lipschitz condition with respect to u, besides, N(t,u) =
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N(t, Pu) for all w € 8. Then for every (to,up) € V the problem (1), (2) has a
unique solution u € C*([to, t1]; ) with some t; € (to, T].
Consider the initial boundary value problem

v(z,t) =0, (x,t) € 00 X [ty, T], (3)

v(z,tg) = vo(z), x €L, (4)

for the system of equations
(1 —xVHv(z,t) = vV20(z,t) — (v-Vv(z,t) —r(z,t), (z,t) € Qx [ty, T], (5)
V-v(z,t) =0, (x,t)€Qx[ty,T], (6)

modelling the flow of viscoelastic incompressible fluid [2]. Here 2 C R" is a
bounded region with boundary 0f2 of the class C*, n < 4, T' > t;. Introduce the
denotation Ly = (L2(2))". The closure of £ = {v € (C§°(2))" : V-v = 0} in
the space Ly is denoted by H,. Let H; is orthonormal complement for H, in LL,.
The existence of unique solution v € Cl([to, t1];H,), r € C([to, t1]; H,) of the
problem (3)—(6) can be proven by applying of the Theorem 1.

|1] Sviridyuk G.A., Fedorov V.E. Linear Sobolev Type Equations and
Degenerate Semigroups of Operators. Utrecht etc.: VSP, 2003.

2] Oskolkov A. P. Initial boundary value problems for flows of Kelvin—Voight
fluids and Oldroyd fluids, Trudy Mat. Inst. AN SSSR, 179, 126-164 (1988).

Metoa reomMeTpudecKoii MHTEPOPETANN 32929y JIJIsi PelleHnusi CUCTEM
HeuHeWHbIX (HeauddepeHnaIbHbIX) YPaBHEHU

A.C. ®omoukuHa
PI'V nedrtn n raza um.JM1.M. I'yokuna, Mocksa, Poccus
e-mail: nastja88@gmail.com

B nacrosimeii pabore mpejijiaraeTcs HOBBIH BBIUYUC/IUTEIbHBIN aJrOPUTM JIJIsd
pellieHns: cucTeM HeJnHeiHbIX (HeanbdepeHInaibHbIX) yPABHEHH, CIeIHa/lb-
HO PACCUYNTAHHBIN Ha 9P HEKTUBHOE MCIOTB30BAHIE MHOTOIPOIIECCOPHDBIX CUCTEM
3a CcYeT M3HAYa/JbHOI'O IIPUCYTCTBUS B HEM TaK Ha3bIBAEMOI'O €CTECTBEHHOI'O Ila-
pasutesmsma [1]. AjropuT™m OTHOCHTCSI K pEIIeHHI0 CHCTeMbl U3 N-HeJTMHEeHHbIX
ypaBHEHMIT B IOCTAHOBKE, KOTJIa TPeOyeTCss OTBETUTb Ha BOIPOC JIEZKUT JIU Perlie-
HUe BHYTPHU HEKOTOPOIT 00JIACTH N-MEePHOTO MpOoCTpancTBa mwin HeT. VTak, 3a/aHa
cucreMa ypaBHEHUil
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Fl(ilfl,iEQ, N ,Sljn) =0

(1)
Fo(xy,z9,...,2,) =0

Tpebyerca naiitu ee perienue, T.e. HallTH TaKue HAOOPBI , YTO KarKJIbIil U3 HUX
VJIOBJIETBOPSACT KarK/JIOMYy U3 YPaBHEHUI CUCTEMbI . [TocTynum ciejyronmm oo-
pasoM. 3aaJIIM B N-MepHOM IIpocTpaHcTBe Iap K ¢ rpanumeiil S u mocrapaemcs
OTBETUTH HA BOIPOC: UMEIOTCA JIM BHYTPU IIapa TOYKHU, KOOPJANMHATHI KOTOPBHIX
ABJIAIOTCA PElIeHUEeM CUCTEMbl . Ecnm Takne TOUYKH UMEIOTCA, TO YTOUHATH Pe-
menue OyjieM, yMeHbIasg pa3Mmep mmapa. /s orBeTa Ha IOCTaBJICHHBIN BOIIPOC
PACCMOTPUM ITPeodPa30BAHIE N-MEPHOIO MPOCTPAHCTBA, 3aJJaHHOE CJIE Y IONIMI
COOTHOIICHUAMU:

Tinew = Tiold T Fl(xlolda T2olds - - - 7xn01d)
(2)
Tpnew = Tnold T Fn(xlolda T2olds - - - 7xnold)

OueBnJIHO, HEMOIBIZKHBIE TOUKH 9TOTO MIPE0OPA30BaAHNs — 3TO TOUYKU, KOOP/IU-
HATBI KOTOPBIX sABJstioTCst pernenusivu cucremsl (). damnee ormpasics Ha Teopemy
Bpayspa [2], nposepuM, ecTb jin BHYTpH HEIOBUKHAsT TOYKa ujn HeT. Jljist 910-
ro mpUMeHHM K ToukaM Ha cdepe S npeobpasosanue ([2)), 3arem mosrydnsiinecs
BEKTOPBI HOPMHUPYEM U TepeHeceM B Hadajo KOOp/AWHAT. TeM caMbIM IOJTyInM
oTobpakeHne cepbl B eJIMHUYHYIO cdepy. U, B 3aBUCHMOCTH OT TOr0, HACKOJIBKO
mocJieTHsIs Oy/IeT 3aIo/Hena, 1 KakoBa Oy1eT opueHTaIs ToUeK Ha Heil, OTBeTuM
Ha II0CTaBJICHHBIN BOIIPOC.

[1] E.B. I'musenko, [TapaJjiiesbable BEIYUCICHUS TP PA3BEJIKE U pa3zpaboOTKe 3a-
nexeit nedpru u raza. M.: MAKC IIpece, 2010

2] I1.C. Anekcannpos, Kombunaropuast Tomnosorus. M., JI.: O3, 1947.

Teopema Xenan, TpaHCIAATHI MHOXKECTB U OMOpHAasA (PYyHKITUS

Bb.H.Xabubyninu
Bamkupcknit rocyapcTBeHHbIN yHUBEPCUTET, Y da
e-mail: khabib-bulat@mail.ru

[Tycts 8 — cemeiicTBO MHOKeCTB B R", S — 00beiuHeHNE BCEX 9TUX MHOYKECTB,
a C' — BoinykJioe MHOXkecTBO B R™. B TepMunax onopHbIxX pYHKIINI MHOKECTB U3
S m MHOKecTBa C' yCTaHABIMBAIOTCA HEOOXOUMBIE U JIOCTATOTHBIEC YCIOBUS, TPU
KOTOPBIX HEKOTODBI TapasiiebHbIil ¢ABUT (TpaHCIaT) MHOKecTBa C' MOKPHIBALT
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MHOXKeCTBO S. Bymer ormedeHa cBsI3b paccMaTpHBAEMbBIX BOIIPOCOB C 3aadaMId
HEIIOJTHOTHI 9KCIIOHEHIINAJIBHBIX CHCTEM B IpocTpaHcTBax dyukmmii. Mccmegoba-
Hue ocHOBaHO Ha Teopeme XeJiin 0 mepecedeHusIX BBIMYKIIbIX MHOXKecTB [1] u ee
PA3BUTHUSIX.

[IpuBeem xapakTepHble Pe3yJIbTaThl, OTPAHNYUBIIUCD [LIOCKUM (JIBYMEPHBIM )
caydaeMm; R? oroxxiecTsiisercs ¢ KoMiuliekcHoil miockoctbio C. Onoproil hyHK-
mmeit Muozkectsa S C C naspisaercsa dynkims hg(6) := sup, g Rese ™™ 6 € R.

TeopeMa o0 mOKpbITUI TPaHCAATaAMI BbIDykJjoro muoxkecrBa C € C.
Iyecmov C' — swnykroe oepanuvennoe muooicecmso 6 C, § — cemeticmeo mHo-
orcecms u3 C, a S — obsedunenue ecex mmooicecms ud 8. Kpome mozo, C' 3a-
MEHYMOE usu S omrpvimoe mmoocecmso. Toeda caedyrowue 4 ymeeporcoenus
IKGUBANEHIIHDL.

1. Hexomopouli mparcasm muoocecmea C' nokpuisaem S.

2. s mobozo mabopa mpex muoocecms Si, S9,S3 u3 & u 2100020 3a4.MKHYMO20
mpeyzorvhuka, onucannozo eokpye C, natidemes mouxa z € C, das xomopot
sce mpu mpancasma S1+z, So+z, S3+ 2z codeporcamces 6 IMom mpey2oivoHUKE.

3. s mobozo mabopa mpex mmoosicecms St,59,53 € & u das a0bvix Habopos
wucen 01,605,035 € R u q1,q2,q3 > 0 npu g1 + 2" + g3e'% = 0 svinoaneno
Hepasencmeo qihg, (91)+Q2h52 (92)+Q3h53<93) < qlhc((91)+Qth(92>+Q3hc(93).

4. Jlasa ar06020 nabopa mpex mroocecms Si, 52,93 € & u daa a106020 nabopa
wucen 01,0y, 05 € R umerom mecmo caedyrouwjue yciosu.

(a) Ecau ecaras paznocms u3 9mozo Habopa wuces Kpamma T, mo 0 KaxHcdot
napo. nomepos k., j € {1,2,3}, daa xomopwix paznocms 0; — Oy, ne xpamma
21, evnoaneno nepasencmeo hg, (0) + hs,(0;) < he(0r) + he(6;).

(b) Ecau pasnocms Oy — 01 me kpamua m, Mo cnpaseisuso HEPaBeHCmeo

sin(«93 — 92) Sin(91 — (93)

hSl (91)811’1(82 — 91) + hSS (03) + hS2(82)Sin(92 — 91)
Sin(93 — 92) sin(01 — 93)

< _ _.
- hC(el)Sin(eg — 91) + hC((gg) + hC(QQ)Sin(QQ — 91)

Curyanusi Heorpanudennoro muaoxkectsa C' C R” BBy ee MHOroBapuaHTHO-
¢t Ipu n > 3 OyJjieT paccMOTpeHa JIUITh JIJIT HEKOTOPBIX CJIy4YaeB U HECKOJIBKO
6oJ1ee JieTaJIbHO JIJIs TIJI0CKOTO ciydas n = 2. Cydan HU 3aMKHYTOTO, HU OTKPbI-
TOTO BBITYKJIOTO MHOKecTBa C' BOBCEe HE 3aTParnBaioTCs KakK BeCbMa 3aTpPYIHH-
TeJIbHBIE JTayKe B BBIOOPE TMOJIXOJIAIIEN TEPMITHOJIOTUN.

Uccnenopanune nomgepxkano npoekrom PIIIT «Pa3zBurne HaydHO-TEXHUUECKIX
nporpammy, cornamenne Ne 14.537.21.0358.
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[1] JI. danuep, b. I'pronbaym, B. K Teopema Xeaau. M.: Mup, 1968.

2] Xabubymmun B.H. Teopema Xemmu n tpanciaatsr MmHOKecTB. 1. Onophas
(OYHKIIS, CUCTEMbI 9KCIIOHEHT, Tesible dyHkmun // Marem. cbopHUK (B T1e-
qaTn).

06 unepapxumu noamoeaeit nuddepeHnInaIbHBIX yYpPaBHEHUIA

C.B. Xabupos
Mex PAH, YI'ATY, e-mail: habirov@anrb.ru

PaccmarpuBaercst cucrema auddepeHnnaabHbIX YpaBHEHU JI0IyCKaIOIast
rpyiiy npeobpasopanuii. [To aiaredpe JIu 9Toit rpyIiinbl MOXKHO ITIOCTPOUTHL Hepap-
XUIO TIOJMOJIesIell. DTy nepapXxuio MOXKHO BbIOPaATh TakK, YTO PeIIeHus JII000i 110/1-
MOJIeJI OY/IyT PeIeHusIMI HEKOTOPOIT JAPYTOI TI0JIMOJIEIN 3TOH »Ke nepapxun. s
9TOI'0 HAJI0 BBIYUC/IUTH ONTHMAILHYIO CUCTEMY [OAAJIredp 1 MOCTPOUTHL Ipad - Jie-
PEBO BJIOKEHHBIX 1101aJ1re0p, a 3aTeM BbIYUCIUTD JuddepeHinaibHble HHBapuaH-
ThI I OIIEPATOPBI UHBAPUAHTHOT'O JuddepeHInpoBaHus JIJIsi KarK 1011 101a1re0phI.
uBapuanThl Hagaaredpbl OyyT MYHKIMIMIE HHBAPUAHTOB 1o1areopnl. Orepa-
TOPBI UHBApUAHTHOrO JuddepeHnnpoBanns HalaareOpbl JHHEHHO BbIParKaloTcs
yepe3 olepaTopbl HHBAPUAHTHOIO i depeHInpoBaHust o reOpbl HaJl I10J1eM
MHBapUaHTOB ojaaredpol. CpaBHeHNE MpeJICTaBIeHNT TPYIIIIOBBIX PEIeHHiT JaeT
CBSI3b MEXKJIy PelIeHUsIMU 10 MOjIesieil HaJaareOpbl U IO re0phl.

ABTOpe3OHaHCHOG B036y}K,Z[eHI/Ie MaromTHOI'O 6p1/13epa I1oJjieM ynpyrofx'l
BOJIHbI

A.T. Xapucos
Bamkupckuii rocyaapcTBeHHbI yHUBepcuTeT, I.Y da, Poccust
e-mail: khantaf@mail.ru

PaccMmarpuBaeTcst apaMeTpuieckoe aBTOPE30HAHCHOE BO30Y:KJICHIE MaJIoaM-
IJINTYJIHOM HEeJIMHEITHOM MarHUTHON HEOIHOPOIHOCTH B BUjie Opu3epa IoJIeM yIIpy-
roif BOJIHBI B MAIHUTHBIX MaTepuajax. IIpu sroMm HejnnHelHasi JuHaMUKa HaMar-
HUYEHHOCTHU OIINCHIBAETCsI BO3MYIIEHHBIM ypaBHeHueM cunyc-I'opjona. [TokasaHo,
YTO BO3OYKJEHIEe MAarHUTHOI'O Opu3epa BO3MOXKHO YIPYIoil BOJHON ¢ 4aCcTOTOI,
paBHOI YIBOEHHOI 4YacToTe (heppOMArHUTHOIO PE30HAHCA IIPU MEJJIEHHOM PO-
CTe CO BpeMEHEM PEe30HAHCHOTO 10J1s1. B peasibHOCTH 3hdeKTUBHOE BO30Y K ICHIE
MarHUTHOI'O Opu3epa, JIOCTATOTHO OOJIBIION aMILINTY/IbI CTAHOBUTCs HanboJiee Be-
POSITHBIM JIOO BOJIN3U CYIIECTBYIOMIIX JedeKTOB 00pasiia, Ha KOTOPhIX UMEIOTCs

93



IoToBbI€ Mal'HUTHBIEC CTaTHUYE€CKHE HEOJHOPOIHOCTH, JIMOO Ha MArHUTHDLIX HEeO/I-
HOPOJIHOCTAX, CO3daHHbIX MMITYJILCHBIM IIPOCTPaHCTBCHHO JIOKAJIM30BaHHBIM Mal-
HUTHBIM IIOJIEM.

Matching of power-logarithmic asymptotic expansions of singular
Cauchy problem for system of ODEs

O.Yu. Khachay
Ural Federal University, Yekaterinburg, Russia
e-mail: khachay@yandex.ru

We consider the Cauchy problem for two nonlinear ordinary differential
equations (ODEs)
dU

= f(tUV), %: (.U, V), U0)=A, V(0)=0 (1)

with a small parameter € > 0 multiplying the derivative in one of the equations.
The functions f(t, U, V) and g(¢, U, V') are assumed to be infinitely differentiable
forall0 <t <T,0< U< B, |V|< B, where 0 < A < B. Following conditions:
%(t,U, V) < 0fort > 0,U > 0 and ¢(0,0,0) = 0 are also assumed to be
satisfied. The right-hand side of this equation has a zero of high order at the
origin with respect to one of the unknown functions. Rather common example of
behavior of such functions is shown by asymptotic: f(¢t,U, V)=t —U"+ (V) +
tp(t, V) = Ux3(t, V) = UX3(t, V) — ... = UX2(t,V), where r,s € N, r > 2 all
functions ¢, 1 and x; belong to C* and each of them tends to zero at the origin.

Using method of matched asymptotic expansions [I] we construct inner,
intermediate and outer expansions, because problem has two boundary
layers in a neighborhood of the initial point [2, [3]. Despite the additional
complexity of this problem associated with the inability to use standard matching
conditions relating the power-logarithmic expansions in the small parameter in the
intermediate and outer layers, a uniform asymptotic approximation to the solution
modulo any power of the small parameter is constructed and justified.

[1] A.M. I'in, Matching of asymptotic expansions of solutions of boundary value
problems, Transl. Math. Monogr., 102, Amer. Math. Soc., Providence, RI,
1992.

2] A.M. I'in, Yu.A. Leonychev and O.Yu. Khachay, Sbornik Math. 201, Is. 1-2,
P. 79-101 (2010)

3] O.Yu. Khachay, Diff. Eq., 47, Is. 4, P. 604-607 (2011)
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I'panuunble 3a/ja9n JJid ypaBHEeHNII BI3KOT'0 TEIJIOIIPOBOJIHOIO ra3a B
HEITWJINHAPUYIECKNX HEyObIBAIONINX 110 BPEMEHU 00JIacCTsIX

ITyxapaua A.A.
CrepauTamakcKuit dpuarai BalrKiupecKoro rocyapcTBeHHOI0 YHIBEPCUTETA,
Crepsintamak, Poccus
e-mail: shukhardinaa@gmail.com

[Iyctes Hermumunapuaeckas obmacts Qp = {(z,1)[0 < z < s(t),0 < t < T},
riae x = s(t) - u3BecTHAs TyajKasd QYHKIMS, 3aHITA BSI3KUM TEIIOMPOBOIHBIM
razoMm. OTHOMEpHOE HECTAIIMOHAPHOE JIBIZKEHNE ra3a B obsactu () ONMNChIBACTCSA
cucremoii ypasuennii [1]

dp | 9(pu)
815 + ax — 07 (.Z',t) € QT) (1)

2
p(@Jru@ 0°u  Jp

= — — — = Q 2
ot ax) IuaxQ ox’ p Rpe) (:Uat)e T ()

00 00 00 ou.,  Ou
—tu—)=rz= +ul==)" —p=, (z,t) € Qr. 3
R S R 3)
Bnech p(x,t), u(x,t), p(x,t) u O(x,t) - WIOTHOCTH, CKOPOCTH, JABJIeHUE U ab-
COJIIOTHAsI TEMIIEpaTypa rasa; [, R, Kk - MOJOKHUTeIbHbIe KOHCTAHTBL: BSI3KOCTb,
ra3oBasl MOCTOsTHHAs 1 KO3(DMUIIIEHT TEIIONPOBOIHOCTH ra3a COOTBETCTBEHHO.

B Havga/ibHBIII MOMEHT BpeMeHU 3aJ1al0Tcst u, 6, p:

u(®, t)|i=o = uo(x), 0(z,t)li=0 = 0o(x), p(x,t)|i=0 = po(x), 2 €[0,50], (4)

rie so = $(0). Ha usBecrubix rpanuiax r = 0 u x = s(t) 3a/a107Tcsi yCJIOBUSI:

u(x, t)‘l’:o =0, u(xa t)‘;l::s(t) =0, te [07 T]? <5)
p(x, t)‘xzs(t) - pQ(t) te [07 T]? <6)
9(377 t)|x:O - Ql(t)a 9(377 t)|x=s(t) = 92(t)7 te [07 T] <7)

Bamaua Gas. Tpedyerca maiitn byuxmun p(x,t), u(z,t), 6(x,t) yrosrerso-
psuorue cucreme ypastenuit (I)—(3), ecan B Hava bHBIT MOMEHT 1 HA U3BECTHBIX
rpaxniax soinosssores yeaosust (4)—(7).

B pabore 10Ka3bIBAIOTCSA TEOPEMBI CYIIECTBOBAHNUS 1 €/IMHCTBEHHOCTH II00Ab-
HOT'O 00ODIIEHHOrO U KJIACCHIecKoro perennii 3ajga4n Gas.
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[1] Anronnes C.H., Kaxuxos A.B., Monaxos B.H.Kpaesvie 3adauu mexanuru
neodnopodnunx orcudkocmeti. HoBocubupek: Hayka, 1983.

2] Kaliev I.A., Kazhikhov A.V. Well-posedness of a gas-solid phase transition
problem. J. of Math. Fluid Mech. (1999) 1, No. 3, 282-308.

ITpu3Hakm cMHXpOHU3AINN Ha CyOrapMOHUKAaX B HeJMHEWHBIX
JAMHAMINYECKNX CHUCTeMaX

M.TI'. FOmaryJsioB
Bamkupcknii rocyapcrBeHHbl yHuBepcuTeT, ¥ da, Poccust
e-mail: yum_mg@mail.ru

PaccmaTtpuBaercs 3aBucdinasg OT IapaMeTpa A JUHAMIYIecKad CUCTeMa, OITH-
cbiBaeMasl JuddepeHnna bHbIM YPaBHEHIEM

o' =F(x,p) +g(t,p), =eRY, (1)

B KoTopoMm F'(x, u) u g(t, ;1) — 9T0 TyajiKie Mo COBOKYITHOCTH MEPEMEHHBIX (DYHK-
un, pu 9ToM hyHKIUs g(t, i) siBasgercst T-nepuogndeckoit o t. [Ipeamonaraer-
cst, aro F'(0, u) = 0 u iprt HEKOTOPOM f1 = f4( BBIIIOJIHEHO TOXK1eCTBO ¢(t, f19) = 0.
Haxower, npesnonaraercs, aro marpuna fAxkoou A(p) = F(0,u) npu g = po
MMeeT Tapy MPOCThIX COOCTBEHHBIX 3HaueHuil +vgyi, riae vy > 0. Ypasuenue (|1
MOZKHO PACCMATPUBATDL KAK JNHAMUIECKYIO CUCTEMY, UMEIOILYI0 COOCTBEHHYIO Ua-
CTOTY Vg W HA KOTOPYIO BO3JEHCTBYET BHEIIHWUH nepuogndeckuil curuai g(t, )
qactotel v = 27 /7.

[Iycts ¢ — marypasbroe uunciao. [osopst [1], uro snauenue py mapamerpa fi
SABJISIETCs. MOwkoli cunzponusayuu na cybeapmorurar nepuoda ¢T cucmemus (1)),
ecJi CyIIeCTBYIOT ducio g9 > 0 u onpejenennas npu € € [0, &y) HenpepbiBHAs
dbyukuus p(e) rakast, ato 1(0) = pg u gyist Kaxoro € € (0, eg) ypasuenue (1)) mpu
(= p(€) uMeeT HeHyJeBOE MepuojndecKoe perenne r = x(t, €) MUHIMAJIBLHOTO
nepuosia 1" Takoe, uro dyHKIWs x(t,€) HEMPEPBIBHO 3aBUCUT OT &, TIPH ITOM
|z(t,e)|| = 0 upu ¢ — +0 paBHOMEpHO 1O ¢ .

B nok/ajie IpUBOAMTCST CXeMa UCCIeI0BaHIs 3a/1a9i O CHHXPOHU3AINN Ha Cy0-
rapMoHuKax B cucreMe (1)), ocnoBannas Ha paspaborantHom panee (cM. [2] u mwve-
FOIIYFOCsT TaM OHOJIHOTpadUio) OMepaTOPHOM METOJIe MCC/IeIOBAHNST 33149 O MHO-
rormapamerpudecknx oudypkanuax. OCHOBHBIM HBJIHGVTCH MPEIIOJIOKEHNE, ITO

0

p
OTHOIIICHUE YaCTOT 1y U V BJIAETC PAllMOHAJIBHBIM: — = — IIPU HaTypPaJIbHbIX
v q

p u q. lIpenaraemast cxema 10O3BOJISIET B HOBBIX YCJIOBUSAX U3YUYUTDH sIBJIEHUE CUH-
XPOHUBAINH, TOJYIUTE Psijl 9POEKTUBHBIX €ro MPU3HAKOB, MOJYIUTh aCUMIITO-
TUYeCKne TpeIcTaBIennsl BOSHUKAIONIIX Koyiebannii. PaccMOTpenbl TPUIOyKeH s
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K aHaJIN3Y 3a/1a9 O CHHXPOHM3AINN [TePUOANIeCKUX KoiebaHuii B Mojesisaix Matbe,
Hydbdunra u Ban-nep-Iloss.

[1] Anumenko B.C., Bagusacosa T.E. Jlexyuu no neaunetinots dunamure. - M.-
xxepck: HULL “Perynsiprast n xaorudeckasi juHamuka’, 2011. — 516 c.

2] Beimuackuit A.A., U6parnmosa JI.C., Myprasuna C.A., FOmarymos M.T.
Onepamoprviti Memood npubAUNCEHH020 UCCAEDOBAHUA NPABUNHOT OUPYPKa-
UUL 6 MHOZONAPAMEMPUNECKUT OUHAMUYECKUT cucmemar |/ Y dum. MareM.

»kypuaast. 2010. T. 2, Ne 4. C. 3-26.

Inverse problem for a nonlinear partial integro-differential equations
of the higher order

T.K. Yuldashev
Siberian State Aerospace University, Russia

In this paper it is considered an inverse problem for a nonlinear partial integro-
differential equation of the higher order

T +oo 2

0?2 o°
s | [ ] m s | 5| x

0 —o0

with initial value conditions

OFu(t, r)
otr  |i=o

u(tax)ﬁzo - 901('1)7 = Spk’—i—l(x)? NS 3%7 k= 172n+ m—1

and with additional condition

u(tax)@:xo = ¢(t)7
where f(t,z,u) € C(D x R), pi(z) € C(R), i = 1,2n+m, ¥(t) € C*"™(Dr),

»(0) # 0, p(t),u(t,z) — unknown functions, n,m — arbitrary natural numbers,

T +o0
a=a (t T f f Ks(s,y)u (s,y)dyds) e Crm2ntm(p x ), 0 < Ki(t,z) €

C(D), z_1,2,DT—[O T),0<T < 0.
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It is proposed in this paper a technique based on the characteristics method.
This technique allows, moving to a new variable, provide a partial differential
equation as an ordinary differential equation describing the change of unknown
function along the characteristics. The study of the inverse problem reduces to
the study of nonlinear Volterra integral equation. By the method of successive
approximations it is proved the existence and uniqueness of the solution of this
problem.

Yacrable periienunns (2+1)-MepHOro HeJIMHEWHOIO YpPaBHEHUS TUIIA
IIpenunrepa
K.P. EcmaxanoBa, M.T. NabsicoBa, 2K.P. MbIp3aKyJjoBa,
.. TyarymnibaeBa
EBpazuiickuit narmonasbubiit yuusepcurer um.JI.H.I'ymuiesa, Acrana,
Kazaxcran
e-mail: myrzakul@mail.ru

Paccmarpusaercst (2+41)-mepHoe Hesmneiinoe ypashenne tura [pegunrepa
CJIETYIONIErO BUJIA!

igp+ Mig+vqg =0, ip—Mp—uvp=0, Muv=—2M(pq), (1)

rje p, ¢ U U SIBJIAIOTCSI IIPOU3BOJILHBIMI KOMILIEKCHBIMI (DYHKIUSIMU. 3aech My =
4(a® —2ab—b)0;, +4a(b—a)d, + 0’02, My = 4da(a+1)07, —2a(2a+1)92, +

28§y, rjie a, b — geificTBUTE/IbHbIC ITIOCTOSIHHBIE W (v — KOMILJIEKCHAs TTOCTOSTHHHAST.
Pemenne cucremsr (1) wmem st rpanndieix yeaosuit: ¢ — 0, p — 0, v —
0, 1upu x,y — Foo. lig nocrpoeHus perieHnii, HeOOXOIMMO PAaCCMATPUBATD

MaTPHYHYIO 0 — IpobJIeMy BHJIA

OW (A N)

a(— / W (i) R, 13 X, N A djp+ W' (A, N), (2)
riae W, W' u R aBisiorcs MaTpudHbiME (DYHKIUAMIE, OIPE/IETeHHBIMUI Ha Orpa-
HudeHHol obactu G. VHTerpasibHoe MaTpUYHOE YPaBHEHHE, COOTBETCTBYIOIIEE
ypaBHeHHUto (2), nMeeT BUJI:

W(AN) = +5— // N 1 dX // R(p, i; X', X)du A dfi, (3)

e CUMBOJI A 03Ha4aeT BHelIHee npousseenue u W' = %—&/. Haura 3a1a4a 110CTpO-
UThb MATPUIHbIE (PYHKIIUHI W u R, yrnosiersopsioniue (3). PaCCMOTpI/IM (3) B KJTAC-
cax V(A A) € Ly(G), ¢> 25, p>2, R(u, i\ X) Ly(G), p>2mo0pu,fi

HLl(G)HoA,X1§q<2, W e L,(G), ¢z;75= 1<¢<2 CBs13b

o8



Mek Ty ypaBHeHnueM (1) m mHTerpasibHbIM ypaBHeHeM (3) 3ajaercs dopmyaiamu
q = —Qi(W_l)lg, P = Qi(W_l)Ql, vV = Z(CQ - Cl), Cl = i(W—l)lla CQ =
i(W_1)a2.

Konkpernbiii Buj pemiennsi ypashenusi (1) 3aBucur or Beibopa sijpa R, dro
O3BOJISICT HAXOJAUTL PA3/INMYHbIC YACTHBLIC PEIICHUs, B TOM YUCJIE COJUTOHHOIO
tuna |1, 2].

[1] L. Martina, K. Myrzakul, R. Myrzakulov and G. Soliani Deformation of
surfaces, integrable systems and Chern-Simons theory. J. Math. Phys. V.42,
Ne3.(2001), 1397-1417.

2] K. Esmakhanova and et all. Integrable Heisenberg ferromagnets and soliton

geometry of curves and surfaces, In book: "Nonlinear Physics: Theory and
Experiment. I1". World Scientific, London, P. 248-253 (2003).
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