MeTto 1 MaJioro rmapamMeTpa B 3ajlade O CHHXPOHU3AIUN HA
cyorapMoHHKaX

I'.P. AbynraxmuHa
Cubaiickuit uncturyT (punnan) Banmknpckoro rocy1apcTBeHHOIO YHUBEPCUTETA,
Cubait, Poccust
e-mail:abushahmina g@mail.ru

PaccmarpuBaercs 3aja4da 0 CHHXPOHU3AIMN Ha cyOrapMoHuKax auddepeHIim-
AJIbHOI'O YpaBHEHUsI IIEPBOI0O MOPAJIKA, 3aBUCSIIEro or /N-MEpHOro mapamMeTrpa B
npocrpancrse RY nepuommdeckoro permenus nepnoja ¢1' B OKPECTHOCTH TOUKH
paHoBecusi x = 0. JIj1s1 n3ydeHus: nmepuojindeckoro pereHnst JeaaeTcsi Mepexo;l
K orepaTopHoMy Bujy. [losydueHo ycioBue paspemumMocTn JnddepeHiumaibHoro
ypaBHEHMS.

Discrete spectrum of kink velocities in Josephson structures: the
nonlocal double sine-Gordon model

G.L. Alfimov, A.S. Malishevskii, E.V. Medvedeva
National Research University of Electronic Technology, Moscow, Russia
e-mail: elinamedvedeva87@Qgmail.com
P. N. Lebedev Physical Institute of the Russian Academy of Sciences, Moscow,
Russia

We study a model of Josephson layered structure which is characterized by
two peculiarities: (i) superconducting layers are thin; (ii) due to suppression of
superconducting states in superconducting layers the current-phase relation is
non-sinusoidal and is described by two sine harmonics. The governing equation is
a nonlocal generalization of double sine-Gordon (NDSG) equation. We argue that
the dynamics of fluxons in the NDSG model is unusual. Specifically, we show that
there exists a set of particular velocities for non-radiating fluxon propagation. In
dynamics the presence of these “priveleged” velocitied results in phenomenon of
quantization of fluxon velocities: in our numerical experiments a travelling kink-
like excitation radiates energy and slows down to one of these particular velocities,
taking a shape of predicted 27-kink. This situation differs from both, double sine-
Gordon local model and the nonlocal sine-Gordon model, considered before. We
conjecture that the set of these velocities is infinite and present an asymptotic
formula for them.



One nonlinear eigenvalue problem from laser optics

G.L.Alfimov, A.A.Chernyavskiy, 1.V.Melnikov
National Research University of Electronic Technology “MIET”, Zelenograd,
Moscow, Russia
e-mail: nickp102@gmail.com

In [1] the following dimensionless equation was derived

d*y . :

Tz + (8 — exp(ilyp|* + iFp))y = 0. (1)
[t describes an optical pulse for completely passive self-starting lasers with
auxiliary cavity of Fabry-Perot type. Here Fj and 3 are external parameters and
Y (t) corresponds to the shape of the pulse. It satisfies the following boundary
conditions

lim (t) = 0. 2)

t—+o00

[t turns out that the problem (1)-(2) with fixed value Fy € [0; 27| is a nonlinear
eigenvalue problem for eigenvalue (. Correspondingly, localized solutions of
Eq.(1) exist only along some curves in the plane of parameters (Fp, ). We
found numerically these curves for single and double pulse solutions and present
asymptotical formulas to describe the behavior of single pulse curve near its
endpoints.

[1] A.V. Shipulin, K.K. Konstantinov, Theoretical analysis of completely passive
additive-pulse mode locking. Lightwave Commun. 2, 1992, 251-264.

Higher Symmetries in spaces of random polygons

P.M. Akhmetiev
[ZMIRAN, Troitsk, Moscow

e-mail: pmakhmet@izmiran.ru

A homogeneous space V,, o of 2-basis in the n-dimensional real Euclidean space
is a well-known object in algebraic topology. In the book [1] (Theorem 1.13) is
proved that the mapping £, : V2 — V2, which is defined by the formula
(e1,e2) — (e1, —ez), is homotopic to the identity mapping Id if n = 2! — 1,1 =
2.3,4,5. The mapping F is not homotopic to the identity mapping, if n # 2! — 1.
At present, if such a homotopy exists for n = 63 (I = 6), is unknown.

In the paper [2]| the space V,, 2 is used as a model of the space of plane affine
n-polygons with the unite sum of lengths of edges. A polygon is considered as
a random polygon, the standard volume form of V}, » determines the probability
measure of the space of random n-polygons.
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In my preprint [3] a homotopy F), ~ Id, which was constructed by I.James in
the case n = 7 non-explicitly, is presented by formulas (in this case the homotopy
is an isotopy). This isotopy determines a self-homotopy of the space of random
polygons in R?, which transforms an arbitrary 7-polygon into its axial symmetric
image, and which keeps the probability measure. This homotopy is called 2D-
Higher Symmetry.

The goal of my talk is to generalize the previous result for the case n = 15.
Higher Symmetry (which is not a self-isotopy in the considered case) is defined
by formulas. The structure of the zero divisors in the algebra A, = R0 is used,
see [4]. 3D-Higher Symmetry for the space of random 15-polygon knots in R? is
also well-defined.

[1] Toan James, The topology of Stiefel manifolds. Oxford, 1976.

2] Jason Cantarella, Tetsuo Deguchi, and Clayton Shonkwiler Probability
Theory of Random  Polygons from the Quaternionic  Viewpoint,
arXiv:1206.3161v2 [math.DG] 13 Sep (2012).

3] Akhmet’ev P.M. A remark on the space of 7-gons with a fized total length in
R3, arXiv:1308.2046v1 [math.GT] 9 Aug (2013).

|4] Guillermo Moreno The zero divisors of the Cayley—Dickson algebras over the
real numbers, arXiv:q-alg/9710013v1 8 Oct (1997).

MeTO,ZL CoIJlaCOBaHMsd B 3aJda4e obTekaHus omn/jinHApa ITIoIIepeYHbIM
IIOTOKOM BSI3KOI1 2KNJIKOCTI

P.I'.AxmeToB
BI'TIY um. M. Axkmysuibr, 1. Ydba, Poccnst

e-mail: akrust@mail.ru

B pabote paccmarpuBaeTcs 3ajiada 00 0OTEKaHWH IIJIMHIPA TOTOKOM BSI3KOiT
HecxKknMaeMoit Kujakoctu. Mcmosb3yercst bopma 3ammc ypaBHEHUN JIBUKEHIS
B MEPEMEHHBIX «(PYHKINS TOKa - BUXPb». B cllydae AByMEpPHBIX TEUYEeHU OCTa-
éTCsl OJlHa KOMIIOHEHTa BeKTopa BHXPs () = rotV. YpaBHeHHe HeCKIMAEMOCTH
BBLITIOJTHAETCS B CBA3U € BBejeHNeM (pyHKIUN Toka 1. Torma jis MmIocKoro cra-

[MOHAPHOTO TedeHus uMeeM ypasHenus (cm., Hamp. [1|, . X1, crp. 471, (135),
(136)
1 oS 05
—AQ =u—+v—, AY = -0, 1
Re ox dy v ()
rie A — oneparop Jlamnaca, Re — aucio Peitnonbica, () — ckanspaast GyHKIUS.
Meto1 nccieoBanust B HaCTOsIIIEl paboTe cOCTOUT B ciejytonieM. B KadecTse

nepBoro npubJmKenns GYHKINN TOKa BHE CJela 3a IIHHIpoM (B obact 1 -



sin? ¢ > const) paceMOTpUM
1 3lnr Inr\ .
ialre) = (r- 1= 2204 B Y singe 2)

[Tpu sTom Re = Uoo%, rjie d - JuaMeTp MUWINHJpa, U - KO3(MMUIINEHT BI3KOCTH.

Hanee cauraem, aro Re € [10,500]. Uccnemyem acuMntoTuky Buxpst §2 MeTo-
JIOM COIJIACOBAHUSI ACUMIITOTUYCCKUX PA3JIOKEHUN B HOIMPAHIYIHOM CJI0€ BOIM3U
nuanHApa. Beesem g yaobersa Madblii napamerp € = 1/Re. Ypasuenue (1)
[EePEeInIeM B BUJIE

63<8_2C+18C 1a2g> 10y 0C 19 ¢

o T rar T ag2) “ropor rarag 3)

¢ — 0,7 = o0, (4)

rie ((r,p) = Qz,y). Oyuxmuio 1y (eM. (2)) pasmaraeM B pa B OKPECTHOCTH
r=1
Acumnrornky ¢ WIEeM B BHJIE

C=Clp,p) +eCi(p, o)+, tmep=(r—1)/e (5)

Torpa u3 (3), mosb3ysich pasiokenueM (5) B IepeMEHHBIX p, © MOy IaeM yPaB-
HEHUE JJIsl [JIABHOTO WJICHA,

PG 9Go dGo
e — p*cos goa— + psin p—— 0 = 0. (6)

[Tocse 3amennbl = py/Sing, 7 = % f; Vsintdt uz (6) mosydaem ypaBHeHIe
PG 9%
Ox? or

Torna perrerne ypasaerust (7), yIoBaeTBOpsifolee yeJaoBuio (4) umeer Buj

mer(r(33)

rae Do, z) = [ e 't 1dt — nenosmas ramva yHKINs, HOCTOSHHAS ¢ OLPEIe-
JISIETCST U3 YCJOBHIT Jiist (o Ha TBEpAOH rpaHuie. 3a IMUJIXHIPOM BO3HUKAET J10-
MOJTHUTE/IHLHBIN TOTPAHNIHbBIN cj10ii. Pertenne niem B nepeMeHubIX 1, s = 17 — 1
TOr/Ia JIIg TJIABHOI'O YJ/IeHa II0JIydaeM ypaBHEHUe

d¢/0s = 0.

~0. (7)

Torna monygaem ¢ = ((¢). Torga Bropoe u3 ypasrennii (1) mpuBognTcst K
BUTY

Atp = —=((1h).



Yes1oBre COrJIacOBaHUs € pereHneM (8) gaeT BO3MOKHOCTD OIPEJIENTh CTPYK-

Typy
1 1 77/}3/2

—((¥)=2¢-T <§> r <§, 9—TO> , ipu @ = O(e).

B wacrHocTn pacemarpuBaercs ciydait ¢ = 1 (r). Yucaenno peraem 3agaty

"

§'(r) + () = (), $(re) = ton, o (o) = oo

-0,03f

-0,06:; L

0,4 0,405 0,41 0,415 0,42 0,425

Y
Puc. 1: ®azopbie Tpaekropun s rg = 1,1, g1 = 0,4, g2 = —0,01, Re = 300.

Permenne nmeer ocodyio Touky Tuia (okyca.

[1] JL.T. Jlofitgnckuit, Mexanuxa scudkocmu u 2a3a. 7-e W31, UCIPABICHHOE. -
M.: IPO®A, 2003, 846 c.

Solvability of degenerate evolution equations with memory
L.V. Borel
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: lidiya904@yandex.ru

Let tL and U be Banach spaces, operator L € £(4;0) (linear and continuous),
operator M € CI(;0) (linear, closed and densely defined), R, = {x € R :
>0 Ry ={0bUR, R.={reR:2<0},R.={0JUR_, C/(R_;4)
is a Banach space of p times continuously differentiable functions with bounded
derivatives equipped with the corresponding sup-norm.

In the case of (L, p)-radial operator M [1] consider the problem

Plu(t) —u_() =0, t€R_,
Lu/(t) = Mu(t) + [ K(s)u(t — s)ds + f(t), € [0.T), 1)
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where u_ € L1(R_;4), X € WH(R; L)), f:[0,T) —
identity of the resolving semigroup for the equation Lu( ) =

v
7—1

U, T
Mul(t
(0) =

]
Theorem 1. Let an operator M be (L, p)-bounded, Pu_ Py (0) =
.= Pu”(0) =0, Pu_ € CPR_; ) N Li(R_; 4), K € WE(R,; L(U; D
U C kerXK(s), s >0, Qf € CP([0,7);0), (I —Q)f € CPTY[0,T);L). hen

there exists a unique solution u € C1([0,T); 4) N C([0,T) D) N C((—o0, T); Y)
of the problem (1) on [0,T).
The abstract result is used for considering of a problem

2w, t) =z (z,1), (2,t) € QxR ,
2z, t) =0, (z,t) €90 xRy, (2)

for the integrodifferential Oskolkov system on viscoelastic fluid
(1 = xA)zi(x,t) = vAz(z,t) — (2-V)z(z,t) — (2- V)Z(z,t) — r(x,t)+
+ }OK(S)Az(x,t— s)ds, (v,t) € QxR (3)
O V-u=0, (v,t)cQxR,.

Here 2 C R" is a bounded domain with a boundary 9€2 of C'"™ class, x,v € R,
functions z_, z, K are set.

Denote Ly = (Lo(Q))", H' = (H(Q))", H> = (H*(Q))". Denote by H, a
closure of the lineal £ = {w € (C§°(2))" : V- w = 0} by the norm of the space
Ly, and H! by the norm of H'. Moreover, H2 = H! N H?, Ly = H, ¢ H,, where
H,; is orthogonal complement to H,,.

Theorem 2. Let x # 0, x ' ¢ 0(A), z- € C(R_;H2) N Li(R_;H2), K €
WLHR,;R). Then the problem (2), (3) has a unique solution z € C1(R,;H?2) N
C(R;H), r € C'(Ry; Hy) N C(R; Hy).

[1] V.E. Fedorov. Degenerate strongly continuous semigroups of operators, St.
Petersbg. Math. J., 12, no. 3, 471-489 (2001).

O toukom PT-cumMMeTpmIHOM BOJITHOBO/IE

.1. Bopucos
Uncruryt maremarunku ¢ BII YVHII PAH, Yda, Poccus
e-mail:borisovdi@yandex.ru

We consider a model of a PT-symmetric waveguide introduced as a scalar
second order differential operator in a thin multidimensional layer with non-
hermitian boundary conditions. The coefficients of the operator satisfy certain
symmetricity conditions, while the boundary conditions are of Robin type but
with pure imaginary coefficients. This operator is self-adjoint. Our main result
is the description of an effective operator, the proof of the uniform resolvent

6



convergence of the perturbed operator to the effective one, and the complete
asymptotic expansions for the eigenvalues of the perturbed operator.

Ycpennenne KpaeBoii 3aga9n B 00J1acTu, repoprupoBaHHOI BI0OJIH
4acTu I'PaAHUIIbI

P.P. I'aapiinbnmn, /1.B. KoxkeBHUKOB
Barmkupckuit rocyrapcTBeHHbIN Tejarorndeckuii yuupepeurer uM. M. AKMYJLIBI,

Yda, Poccus
e-mail: gadylshin@yandex.ru, kozhevnikovbspu@gmail.com

[Tycts ) — orpannuennas obaacThb B R?, jieskalmas B BepXHeil TTOJTyTIIOCKOCTH,
rpanuiia kKoropoit I' coctout 3 asyx yacreit: I' = I'y U I'y, e Iy — oTpesok
[0, 1] ma ocu aberuce, a 'y € C'°° B okpecTHOCTH KOHIIOB 0Tpe3Ka 'y coBmaaer
c upsmbiMu 1 = 0 1 1 = 1 COOTBETCTBEHHO. I[aﬂee nyctn B — HpOI/ISBOﬂbHaﬁ
orpaHmyuenHas ayMepHas obsnacth, 0B € C* B, = {x : (a lz;—b,a” ZCQ— c) €
B}, rie0 <b <1, c > O duxcuposannol, 0 < a < 1, Bs,a = {z e (ay —

J,x2) € B.}, Bey = U Bw, ac=¢cy = %, rne 1 < N € N. Onpegennm
obsracTb 2., Kak €2\ nga.

JlokazaHbl J1Ba CJIEAYIOIINX YTBEPIK ICHUS.

Teopema 1. ITycmv ——— — A # 00, f € Ly(Q) u X ne asasemes cob-

elna
CMBEHHBIM 3HAYMEHUEM %pCZ@GO’lj 30,0&’%’&

duyg Oug

—Aug = Nug 6 €2, +27Aug =0 naly, — =0 H@F\E.
v Ov
Tozda dasa pewenus kpaesoti 3ada i
oU. ,
—AU.q=ANU.o+f 6Qc0, Uso=0 mnadB.,, (96 =0 wnal, (1)
v
ede v — 6eKMOP BHEWHELT HOPMANU, UMEEM, MECTMO CUALHAA CLOOUMOCTILL
Us,a — UO 6 W21<Q)7 (2)
e—0

ecau A =0, u crabas crodumocmo
Wi
U57a — UO 6 2(0)’
e—0

ecau A # 0, 2de Uy — pewenue npedesvnoti (yepednennoti) sadauu

oU, oU, —
80+27TAU0—0 Ha I'y, 8—;)20 na T\ T'y.

—AUO = )\U() + f 6 Q,
Teopema 2. Ilycmv elna — 0, f € Lo(2) u A ne asasemes cobcmeentvim
gHAYMEHUEM KPaesoT 3a0a4u

) _
—Aug=XMug 6, uy=0 mnaly, %:0 na T\ T'y.
v



Tozda dns pewenus kpaesot 3adawu (1) umeem mecmo cuavran crodumocms (2),
ede Uy — pewenue npedeavnoti (yepednennoti) sadavu
oUy

—AUg=NUp+f 69, Uy=0 mnaly, (9—:0 na T'\ Ty.
v

Pabora mepBoro apTopa mnojyjiepkaHa B paMkax [ocy/l1apcTBEHHOTO 3a/IaHus
Munoopuayku P®. Pabora Broporo asropa mojjep:kana Poccuiickum hongoM
dbyumamenTanbbx neestegoBannii (mpoekt No. 12-01-00445).

Kiacc CI/I,ZL,Z[I/IKI/I n allrIpoKCuMaTHUBHbBbIE CBOIMCTBA 3KCIIOHEHT HAa Ayrax

A.M. Tlaiicun
Uncrturyt maremaruku ¢ BII VHIT PAH, Yda, Poccus

e-mail: gaisinam@mail.ru

B TepMuHe HEOJITHOTHI CUCTEM SKCIIOHEHT TI0JIyYeHO YCJIOBIE HETPUBUATIBLHOCTH
Kjacca CuJIJINKN Ha, JIyre OrpaHMIeHHOT0 HAKJIOHA, YTIJIOBbIE KOI(MDUITMEHTHI BCEX
XOPJT KOTOPOil MeHbIIe € ITNHUIIL.

[TycTtn

E(My;y) ={f € C%(y): IQQVX\f(")(Z)I < KM, (n > 0)},

i T’ Q(2) IO—O[ 1 22 n -
n = SUP <, zZ) = -1, sup — < oQ.
=0 Q(ir) AT 0 A

Bnecb vy ={z€C:z=1t+ih(t) (0<t<1)} — ayra orpaHn9IeHHOr0 HAKJIOHA,

TO €CTb
hts) — hit))
to — 11

sup
t1#ty

:M7<oo.

[TycTn

Coo(M,,—937) = {f € BE(M,_2;7) : f™(a) = f™(b) =0 (n > 0)},

rje a, b — kounnl ayru 7. Jokazana ciejyrorast

Teopema. Ilycts M, < 1, npudem B Kazkoil TOuKe jyru y (KpoMe KOHIOB)
CYIIECTBYIOT 06€ OJJHOCTOPOHHNE KacaresbHble. Eem mist rodboro n (0 < n < 1)
cucrema skcronent {e* 7} me momma B C(7), To ama moboro £ (0 < & < 1)

kinace Cupanrn Cog(e" M,,_9; ) He SBJSIETCS TPUBHAJBHBIM.



CoBnasenne KiaaccoB Kapaemana Ha ayrax m Teopema Banra
P.A. Taiicun

Bamkupcknit rocyjiapcTBeHHblil yHupepcuret, Y da, Poccns
e-mail: rashit.gajsin@mail.ru

[TycTb v — KBazurIajkas jyra, o 1 [3 — KOHIIBI 9TOI JIyTH,

Con(Mys7) = {f € C=(3) s sup | ()| < K7Ma, [(0) = f(8) = 0 (n = 0)},

zery

rie M, > 0, MT% — o0 mpu n — 00. Yepes { M} obozHatImM TOCTIETOBATEH-
HOCTB, TOJIyueHHyto u3 { M, } myTem BBITYK/IOf peryisipu3aini mocpeicTBOM JIO-
rapnugMoB.

Peun nner o cosnaennn kiraccos Kapaemana Cog(ME;y) u Coo(ME; ) u Teo-
peme Tuna banra.

Teopema. CrpaBeiTiBbI CJICJIYIONINE YTBEPK ICHUST:

1) ecrm
My <C"M,, (n>0) (1)

 Coo(M,;v) # {0}, To xmacest Coo(ME;y) u Coo(M,y;7y) coBragaior;

2) ecan

MC

c
n=1 Mn—i—l

= 0O,

to kinacc Cog(M,,;7y) ABIgETCS KBA3BNAHATITHICCKIM.

[lepBoe yTBep:K/eHNE paHee ObLIO H3BECTHO TOJIBKO JIIsi OTPE3KA. BTopoe
VTBEPXK/ICHNE sIBJISIeTCsT aHasjoroM teopeMbl Barra g kiacca Coo(M,;7y) H
KBA3UIVIAIKON JIyTre 7y B CIydae IPOU3BOJILHBIX, HEOOM3aTEIBHO BO3PACTAIONTIX
M, > 0, no ynossersopsiformux ycsaosuio (1). Tlocmemaee o3mataer, 1To Kiiacc
Coo(M,;y) sABIsIeTCST MHBAPUAHTHBIM OTHOCHTEJILHO JinbhepeHInpOBaHIs.

Degenerate equations of fractional order in Banach spaces

D.M. Gordievskikh
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: dmitriy g90@Qmail.ru

Let & and U be Banach spaces, operator L : 4l — U be linear and continuous,
ker L # {0}, an operator M be linear, closed and densely defined on Dj; in
L Let for every p such that |u| > a there exists a continuous operator (uL —
M)=t 0 — 4 Then we have direct sums 4 = U° @ Ul Y = Y ¢ V! with
corresponding projectors P and Q, M : Dy NU¥ — U* L : ub — P* for
k=0,1[1]. By My (Ly) we denote the restriction of operator M (L) on Dy, =
b N Dy (UF), k= 0,1. Denote H = M, 'Ly, E, 4 is a Mittag-Leffler function,



Usp(t) = 5= [ (uL — M) 'LE, (pt*)dp. For o > 0 (D§" is a fractional
lul=a+1
Caputo derivative, m is a smallest integer number not smaller than «. Consider

a problem

oDf Lu(t) = M ()+f() tG[U T}, 1)
u™(0) =up, k=0,1,...,m— 1.
A solution is a function u € C([0,T]; Dys) such that Lu € C™ ([0, T]; D),
! ! o,
m * <Lu(t) — k;()( k+1 ) € C"™(]0,T];0), and conditions (1) are

satisfied. Here * is a convolution.
Theorem 1. Let operator M be (L,p)-bounded 1], Qf € C™([0,T];0),
(DO‘H)kM’ (I —=Q)f € C([0,T]; ) for k=0,1,...,p+1,
thron+ dtk (DSH)"My (I-Q)f(t) = —(I—P)ug, k=0,1,...,m—1. Then
n=0
there exists a unique solution of the problem (1), it has a form

u(t) = 7:;: Ug o1 (t)ug + f ) U0 (t — s) L7 Q f(5)ds—
—éngﬂMQ<f—Qvu»

Let P,(\) = S e\ QuN) = SodN, ed; € C, i = 0,1,....n, j =
=0 =0

= j_
0,1,...,m1, ¢y, dp, # 0, n > ny. Let Q C R* be a bounded domain with smooth
boundary 9, Ay : Ly(Q) — Lo(2) has domain D(A;) = HF(Q) and acts as
Aqju = Au . Theorem 1 is applied to the problem

P Q) %528 = Qu(B)u(e,t) + f(w,1),  (w,t) €Qx[0,T],
(1—0+02)Afu(z,t) =0, k=0,1,....n—1, (z,t) €9Qx[0,T],

u(z,0) = ug(z), fj;;(x 0) = ur(2),..., (2, 0) = up1(x), x€Q.

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

CI/IHI‘y.HﬂpHO BO3MYIII€HHBbIE 3a/Ja49M1 YIIPpaBJI€HUA C I'VNIaAKNMMNU
reomMerTpunieCKyuMmM OrpaHn4deHnusdaMN Ha YIIpaBJI€HHUE

A.P. lannma, O.0.KoBpuKHBIX
Uncturyr maremarukn n Mexaunkn ¥YpO PAH, Exarepuntypr, Poccust
e-mail:dar@imm.uran.ru

PaccmarpuBatoresa 3a1adn yrpaBaeHus JUHEHHBIMI CICTEMaMI ¢ TTOCTOSHHDI-
MU KO3 PUITUEHTAMHI ¢ OBICTPBIME 1 MeIJICHHBIMU ITEPEMEHHBIMU 1 OI'PAHITICHUSI-
MU Ha yIpaBJeHUue B BUJE 11apa B COOTBETCTBYIONIEM €BKJIMJIOBOM IIPOCTPAHCTBE.
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Uccnenyercd acuMITOTHKA PeIieHns OTHOCUTETHLHO MaJIOTo apaMeTpa Mpu Mpo-
U3BOJHBIX B YPABHEHUAX CUCTEMbl U MaJIOTO BO3MYIIEHUA HAYAJIbHBIX YCJIOBHUIA.

OOmMeH HepruagMU MeI2Ky COJIMTOHAMW ypaBHeHusi cuinyc-l'opgona B
MMPUCYTCTBUM MaJIbIX BO3MYMIEHMI

C.B. ImutpueB
UncruryT npobsiem cepxintactuanoctn metasuioB PAH, Vba, Poccust
e-mail:dar@imm.uran.ru

3ydennbl MHOTOCOJIMTOHHBIE CTOJTKHOBEHUS B ¢J1a00 BO3ZMYIIIEHHOM yPABHCHUH
cunyc-l'opyiona. [lokazan 3HAUNTEIBHBIN OOMEH SHEPIUAMU MEXKJIy COJIUTOHAMU
BOJTM3M TOYHBIX CelapaTpUCHBIX PEIIeHUT WHTErPUPYEMOrO YPABHEHUS CHHYC-
['opiona.

Interaction of sine-Gordon solitons in the model with two attracting
impurities and damping
E.G. Ekomasov, A.M. Gumerov, R.V. Kudryavtsev, N.N. Abakumova
Bashkir State University, Ufa, Russia
e-mail: EkomasovEG@gmail.com

In recent decades the Solitons theory for nonlinear evolutionary equations has
been widely used in many fields of physics. For example, the sine-Gordon equation
solitons simulate different localized dynamic excitations of the physical systems
|1]. However, for an adequate description of real physical processes one requires a
modification of the sine-Gordon equation by addition of summands describing the
presence of attenuation and external force in the system, spatial modulation of
the periodical potential (or impurity). Advanced analytical methods for studying
this problem for the modified sine-Gordon equation (MSGE) using perturbation
theory for solitons tend not to give an exhaustive result. The research of the large
disturbances influence on the MSGE solution, in general case, can be conducted
only with the help of numerical methods [2].

In this study we investigated the solitons of the sine-Gordon equation
interaction dynamics in the presence of attracting impurities. For the case of
two identical impurities in the system we presented, with the help of numerical
simulation, the possibility of the multisolitons states generation (such as tritons
and quadrons) localized on the impurities. The interaction of the kink with
breather can lead to a resonant "quasitunneling” of the kink through the double
impurity region (i.e. passing through a potential barrier with a sub-barrier initial
velocity). Using the collective coordinates method we showed, that the original
problem can be reduced to a system of ordinary differential equations for two
bound harmonic oscillators with an elastic type of bind, which qualitatively
describes the localized waves fluctuations. Within the limit of small amplitude
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fluctuations of localized waves, the spectrum of possible modes, which with good
accuracy corresponds with the numerical results, was calculated.

[1] O.M. Braun, Yu.S. Kivshar, The Frenkel-Kontorova Model: Concepts,
Methods, and Applications. Berlin: Springer, 2004.

2] E.G. Ekomasov, A.M. Gumerov and R.R. Murtazin, Computer Research and
Modeling, 4(3), 509 (2012).

3ajladya 0 BHIYUCJICHUN
JIEKTPUIECKOI'O COIIPOTUBJICHMS

A.A. Epmos, P.P. 'aapliabinna
YenlV, Poccust, e-mail: ale10919@Qyandex.ru
BI'TIYV um. Axkmysuibl, Pocensi, e-mail: gadylshin@yandex.ru

[Iycts @ = (21, 29, 3), ) — orpannyuenHas ojgHocBsA3Hast 0baacTh B R3 ¢ rpa-
muneit 02 € C*°. U nycrb 9ra 001acTh UMeeT [1Ba KOHEYHBIX IJIOCKIX yJacTKa,
C KOTOPLIMEU MBI CBSI?KEM JIBE JIEKAPTOBbIE KOOpJMHATHBIE cucTeMbl O1X1Tox3 1
Osy112y3. MHOZKECTBA Y1 U Y9 — 3aMbIKQHUS OPAHUYEHHBIX OJHOCBAZHBIX 00J1a~
creit Ha 1IocKocTAX rg3 = 0 u y3 = 0 coorBercTBeHHO, 0y € C™, Oy € C™,
0 <e< 1. O6osnaanm 75 = {z: e 'z €y}, k=1,2.

DIEKTPUIECKIH TOTEHIINAT MOJETUPYETCsT ¢ TOMOIIBI0 pertnenust u(x, &) €
C®(Q\{0v; Udvs}) N C(Q) caemyromeit Kpaesoit 3a1aumn:

(Au=0, x€(,
ou

¢ % = 07 IS 89\{W1 U72}7

u=1, x€nj,
\ U= _17 y e 757
rJie N — BHEITHSIS HOPMAJIb.

Meroom coryiacoBanmst aCHMIITOTHYECKIX pa3sioykenuii [1] moctpoeno acumi-
TOTHYIECKOE pasjioykeHre (byHKIMN u(x, ) M0 MaJOMy MapamMerpy €, XapaKTepu-
3YIOIIEMY Pa3Mep YH9acTKOB Y| U 5.

[Tostyaena creytomast bopMmysta Jijis 9JeKTPUIECKOrO COpoTHBIeHus 2| 06-
pasna GopMbl ) ¢ KOHTAKTaAMI Y] 1 75

B 1 Ci+ 0y (01 + 02)2 2
= e o2nCCs * o2rC?C2 <g(02) |0102|> +0(e),

rje 0 — upopojumMocTb Matepuasia, C7 > 0 u Cy > 0 — EMKOCTH JTUCKOB Y1 U Yo
(em., mamp., [3, . 2, §1], [4, ['n. 2, §3|), g — HekoTOpast (byHKIMSI, 3aBUCATIA
TOJILKO OT = 1 §).

Pa6ora nepsoro asropa nopiepxkana PODU (mpoekt Ne 12-01-00259) u "Don-
JIOM TIOJIJIEP?KKHI MOJIOJIbIX yVaeHbIX "'Koukype Méduyca'. Pabora BToporo aBropa
nojyiepzkana PODU (mpoext Ne 14-01-00322).
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[1] A.M. Wnbun, Cozaacosanue acumMnmomuieckus pasioncenuts peueruts Kpa-
esvir 3adavw. M.: Hayka, 19809.

12] P. Xosbm, Daexmpuyeckue xormarmor. M.: noctparnast murepatypa, 1961,

13] . [losma, I'. Ceré, Usonepumempuueckue nepasenHcmea 6 Mamemamuieckot
dusure. M.: Duzmariut, 1962.

[4] H.C. Jlangkod, Ochosvr cospemernot meopuu nomenyuana. M.: Hayka,
1966.

Relation between the codes of nonlinear modes for Gross-Pitaevskii
equation and their stability

D.A.Zezyulin, G.L.Alfimov, P.P.Kizin
Centro de Fisica Teorica e Computacional, Lisboa, Portugal
e-mail: d.zezyulin@gmail.com
Moscow Institute of Electronic Engineering, Zelenograd, Moscow, Russia
e-mail: galfimov@yahoo.com

We considered real stationary states for Gross-Pitaevskii equation (GPE) with
cosine potential V' (x) = Acos2z, i.e.

Vpw + (W — Acos2z)) — 3 =0

[t follows from [1] that there exist areas on the parametric plane (w, A) where there
exists one-to-one correspondence between the bounded solutions of this equation
and bi-infinite sequences of symbols of finite alphabet A (codes of the solutions).
In the plane (w, A) these areas are situated in so-called gaps of Mathieu equation

Yy + (w— Acos2x)p =0

The number of symbols in this alphabet depends on the number of gap. For
instance, in the first gap this alphabet consists of three symbols “—”, “+” and “0”
and the simplest localized mode (gap soliton) corresponds to the code “...000 4
000...".

In this contribution we report on a relation between the codes of nonlinear
localized modes and their stability properties. The results are based on extensive
numerical study including both (i) linear stability analysis (see e.g. [2]) and (ii)
numerical evolution of perturbed nonlinear localized mode. We conjecture that
the modes with codes of alternating symbols “+7 and “—” are unstable, (e.g.
“...00 4 + —00..."), whereas the modes with codes of nonalternating symbols
basically are stable.
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|1] G.L. Alfimov, A.I. Avramenko, Coding of nonlinear states for the Gross-
Pitaevskii equation with periodic potential, Physica D 254 29-45 (2013)

2] D.E. Pelinovsky, A.A. Sukhorukov, Yu.S. Kivshar, Bifurcation and stability
of gap solitons in periodic potentials, Phys. Rev. E 70 036618 (2004)

Nonlinear inverse problem for a class of partial differential equations

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

Let P,(\) = Zc@)\l Qm(A) = ZdAZm>ncZ,d eC,c, #0,d, #0,

seN, QCR? W1th o€} of class C’OO an operator pencil A, By, ... B, is regularly
elliptic [1], when

(Au)(z) = Y an(z)D(x), a, € C®(Q),

|| <2r

(Biu)(z) = > bio(z)Du(x), bia(z) € C®(0Q), [=1,...,r

la|<r

Let the operator A; € Cl(Lo(R2)) with D(A;) = H{Qg}(Q) 1], acting as Aju =

Au, u € D(A;), be self-adjoint, and o(A;) be right-bounded. Then {¢; : k €
N} are orthonormal eigenfunctions of A; in a sense of inner product (-,-) on
Lo(€2), numbered in nonincreasing order of eigenvalues {\; : k € N} subject to
multiplicities. Denote Banach space

U={we H Q) : BA*w(z)=0,k=0,....n—1,1=1,....r, x € 0Q}.

For unknown u(z,t) and ¢(t) consider an evolution inverse problem

Pu(A)ur(a t) = Qu(Ayule. ) + a(t) (. 1) / K@uly.0dy, (1)
Q

By A*u(z,t) = 0, k:O,...,m—l, l=1,....r, (x,1) €00 x[0,T], (2)
z,0) = uo(z), =€, (3)

/K _ (), telo.T). (4)

Theorem. Let m > n > 1, (—=1)""Re(dyn/cn) < 0, and A\, k € N, do not
resolve polynomaials P, and @), concurrently. There are fulfilled conditions

(1) ¢ € C(l0,T]; Lo(2)), uo € U;
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(i) K € HXm=207(Q) for m > 2n and K € Ly(Q) for m < 2n,
(iii) if Py(Ax) =0, then

<90('7t)7 ka> =0Vte [07T]7 <K7 ka> =0, <u07 ka> =0,

(iv) lgj (E)C71§<[2 T>];R), (K, up) = (0), vVt € [0, T] ¥(t) # 0,

Z P(t), k) (0K £ 0.
POz

Then there exists a mild solution v € C([0,T1];U), ¢ € C([0,T1];R) of (1)-(4)
on [0,T1], Th € (0,T].

|1] H. Tribel, Interpolation Theory, Differential Operators, VEB Deutscher
Verlag der Wissenschafen, Berlin, 1978.

PuKTUBHBbIE ACUMIITOTUKNI

JI.LA. Kajgagkun
UncruryTt maremarnku ¢ BII PAH, Yda, Poccus
e-mail:dar@Qimm.uran.ru

[IpuBojsiTcss mpuMepsl 3aj1a4, JJisi KOTOPBHIX BO3MOYKHO IIOCTPOCHUE aCUMIITO-
TUYIECKIX PEIICHNIT, He COOTBETCTBYIONINX HIKAKOMY TOYHOMY pelreHunio. B gact-
HOCTH, O6cy>K,[LaIOTCH 3a/1a4M, BOSHUKAIOIINE B TCOPUU CTOXACTUYCCKUX BO3MYIIE-
HUIA.

O 3aJda4e CrekJjioBa B IIOJIyIIoJioce C MaJibIM OTBepCTHUEM

.B. KoxXeBHUKOB
Bamkupckuit rocyrapcTBeHHbIN Tejarornieckuii yuupepeurer uM. M. AKMYJLIBI,

Yda, Poccus
e-mail: kozhevnikovbspu@gmail.com

[Tycrs 3 — wnrepsasn (0, 1) na ocu aberucee, 11 := 3 x (0,00), B — orpanu-
YeHHAas OJHOCBA3HAA JByMepHas 00/1acTh ¢ OecKOHeTHO M pepeHInpyeMoii rpa-
nuneit, B, = {x: (a 'y —b,a ey —c) € B}, re0<b<1,¢>0,0<a< 1,
I, := I\ B,.

B pabore MeTo10M coryIacoBaHms aCHMITOTHIECKIX pas3jiozkenuii [1| mocTpoe-
HBI JIBYJIEHHBIE aCUMIITOTHKH 110 MaJIOMY IIapaMeTpy @ COOCTBEHHBIX 3HAUCHMIT
KPaeBoil 3a/1a4n

Aw, =0 upu zx € Il,,
w, =0 npn x € O\, (1)

_Owg _

O AWy TPU X € 2.

Jlokazana crpaBe/IJIMBOCTD CJIEJIYIONIEr0 YTBEPKICHNUS.
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oo
n >
Teopema. Cobcmeerinvie 3rnavwenus {)\é )} kpaesoti 3adavu (1) asamomes
n=1
npocmuvimu U UMENM ACUMNIMOTMUKUY

1
AW — g — o 4mre”* sin?(mnb) (1 + o(1)) .

Eecau sin(mnb) = 0, mo

a

A = a’4m’n?Cy(B)e ™ cos” (mnb) (1 T 0(1)>’

ede C1(B) — noaoorcumenvnulli Koahuyuerm us acumMnmomuri

x x 1
v(z) = 1 + Co(B) — Cy(B )‘ ‘12 CQ(B)ﬁ+O(W>’ z| = 0
pewenus kpaesoti 3a0a4i
Av=0 npux € R*\B,
v=0 npux € IB.

PaboTta aBTopa nojiep:kana B pamkax ['ocynapcrBennoro 3atanns Munodprnaykn
PO®.

[1] A.M. Unbun, Cozaacosarue acumnmomuieckus pasioncenuti peuweHut Kpa-
esvir 3adayw. Hayka, Mocksa, 1989.

On the Hill equation with a slowly varying parameter

V.A. Koutvitsky, E.M. Maslov
I[ZMIRAN, Russia

We consider a general Hill equation
d*Y /d9* + h(p,0)Y =0, (1)

where h(p,#) is a 2m-periodic even function with respect to the fast variable 6,
and p varies slowly in accordance with equation dp/df = eR(p) (e < 1).

The resonant solutions of Eq. (1) are constructed in the form of asymptotic
expansions,

YH0) = b(p, ), Y(0) = (p, —0)e ), (2)
= e"ulp,0), dE/dO =" "uip), (3)

where ¥,(p,0) = ¥n(p,0 + 27) and normalizing ¥y(p,0) = 1, ¥,(p,0) = 0
(n>1),£0) =0 are assumed Substituting (2), (3) into Eq. (1) and setting
Un(p,0) = Xpn(p,0)e” , we arrive at the inhomogeneous Hill equation

62 71/8(92 + h(ﬂa H)Xn - Fn(pv H)BMO(p)ea (4)
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where Fy = 0, F,(p,0) = F.(p,0 +27) (n > 1) and contains 1, with m < n.
Note that p in Eq. (4) is just a parameter.

Suppose we know the solutions Xi(p,0) = (p, £0)eP? of the
homogeneous Hill equation (Eq. (4) with n = 0) [1]. With the use of them
the solution X,(p,0) of Eq. (4) for any n > 1 and, hence, v,(p,0) are
obtained immediately by integration. The corresponding p,(p) are found from
the requirement of 2w-periodicity of 1, (p, 0).

For the purposes of illustration the Lamé equation with a slowly varying
parameter is considered.

[1] V. Koutvitsky and E. Maslov, J. Math. Phys., 47, 022302 (2006).

AcuMIITOTHKA JIJINITIIECKOT'O CrHYCa IIpu k—1

Kpacnnpuukos A.B.
Yeysrouncknii 'ocynaperBennsiit Y HuBepeurtet, Poccns
e-mail: press-csu@yandex.ru

Brlia moctaBiieHa 3aja49a 0 HAXOKJIEHIN aCUMIITOTHKH SJITUITUYECKOT0 CUHY-
ca ipu k — 1. DJIMITUYECKUN CUHYC SBJISIETCs OOpaIleHueM SJLTUIITHIECKOrO
uHrerpaJia

(1)

k) = O/ V1= 21— k%2

11, KPOMe TOrO, sIBJISIETCsT OJIHOJIMCTHON (DYHKITHElt, KOTOpast 0TOOpayKaeT MpsiMo-
YTOJILHUK Ha KOMIUIEKCHYIO IJIOCKOCTB C PA3pPe30M, TTOITOMY MOYKHO TIPHMEHHUTD
m3BecTHYIO (hopMysy obparienusi [1],  BBIPA3UTh JUIHNITHYCCKUTT CHHYC Yepe3
S/ THYaeCKnit naTerpast (1):

1

n(uik) = 5 / ¢ - dc, 2)

dt
f\/l t2\/1 k2t? {\/1t2\/1k2t2

rie koutyp v = {C € C: | — z| = po}, a py — mocrostnnas nopsaka 1 — |z|.

Mcnosib3ysi acUMITOTHYECKOE PEJICTAB/IeHHIE JLTUITHYECKOr0 HHTerpasa 1o
crenensim 1 — k? = & ¢ Tounocreio g0 O(g?), MOXKHO HallTH TpejcTaBICHIEe U
JUIS SJUIIITHIECKOrO CuHyca. B IaHHOl paboTe 1pejiCTaB/IeHb JIBa TIEPBbIX Y/IeHA
ACHMIITOTHIECKOIO MPEJICTABJICHHsT [JIsT SJUIHIITIHIECKOTO CHHYyCa, & TAKzKe JT0Ka-
3aHa OICHKA OCTaTKa:

sn(u; k) = tanhu + Z(tanhu — u2 ) +0(e%). (3)

cosh” u
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DT0 mpejcTaBIeHNe W OIEHKAa PABHOMEPHBI Jijid Beex z € [—1 + a, 1 — «f, e
a << 1.

[1] A.U. Mapkymesuy, Teopusa anarumuueckux dynruuud, Tom 1 (1967), c
456-459.

AcuMmiiToTnKa perneHus: 3aJia9 KOHBEKTUBHOI quddy3nn c
XNMUYIECKOI peaKIlMeil OKOJIO KAIlJI B CTOKCOBOM IIOTOKE

P.P. KytiyeB
BI'TIY um. M. Axkmysuisr, 1. Yda, Poccnst
e-mail: rus4652Q@Qyandex.ru

PaccmarpuBaeTcs KpaeBas 3aj1ada

"

v (x) = 2v (x) = pF(v()) =0, (1)
v(0) =1, v(z) = O(1), upuz > 0. (2)
[Ipejnonoxum, aro dbyuxius F(u) yaoBieTBopser yejaoBusM
F(u) =u“g(u), g € C%, g(0) >0,a > 1,
rie dhyHkiusg g(u) nMeerT aCUMITOTHKY
g(u) =14 gru+ gou® + gau® + -+ pu u — 0.

B pabore [1| mocTpoera acuMITOTHKA PEIIEHHsT OKOJIO C(hePUIEcKON TaCTHIBI,
Kora oobeMuast xuMmuaeckas peakimst F'(u) = u®((g(u) = 1).
DAP permenust v(z) 3amaqan (1), (2) umem B Buje

SR ) BN 1“k<<a—1>ulnx+c>
ft Lt £t R o (0 — V) In iz + ¢) D/ (D ke

rje koapdunuentsl C, 4, OUPEJEIAIOTCA U3 PEKYPPEHTHBIX DABEHCTB

Coo0 =1, Copila—2) = —gi, ---
Coro=—1/2p, Co11=—pCopo1, -
Cr.00=C100, Cr01=0ala—1)Cyp1C100+ (@ +1)g:1C10p0, - -
Cr10=—1/2paC1 00, Cia1=—12p(a+1)Cig1, ---

B zaBucumocT# oT 3HaUYEHUS (¢ K IIPaBbIM YacTsIM 9THX PABEHCTB MOI'YT ObITb
J100aBJICHBI YJICHDI

(1—a)Cro0 (1 —a)Cro, -+ (1—a)Crog+ap?, -
(Oé — 1)#0171,0 + 04(204 — 1)#201,070 + Oé(l - Oz),LLCL(),()C(),L(), ce

910 I[IponucxoauT IIpd yCJIOBHUHN COBIIQJCHNA CTGHGHGI‘/)I7 OTHOCHUTEJIbHO KOTOPBIX
oHu Bolnucanbl. ObocHOBaHUEe HOCTpOGHHOﬁ ACUMIITOTUKHA IIPOBOJUTCA KaK B pPa-

oore [2]. 18



[1] P.I. Axmeros, Acumnmomuru pewenuti 00n020 KAGCCA KEAZUAUHETHHLT
00bLKHOBEHHDLT Jupdepenyuarvnvx ypasrenul emopozo nopadka. Hndde-
penruaabibie ypapaennst — 2010. — T. 46. No 2. — C. 155-162.

2] R.G. Akhmetov, R.R. Kutluev, Influence of a volumetric chemical reaction on

the convective mass transfer near a drop. International Journal of Structural
Stability and Dynamics — 2013. — Vol. 13. No 7. — P. 1340002 — 1-8.

On the dynamics of slow-fast Hamiltonian systems

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

We consider a slow-fast Hamiltonian system
ex = H,, ey=—-H,, uw=H,, v=—-H,,

where function H(x,y,u,v,€) is smooth or real analytic all its variables, ¢ is a
small positive parameter. With this system two limiting systems are related that
are derived in the limit ¢ — 40, but for different limit transitions. The first
limit system usually called as slow one is given, if in the first two equations one
formally sets ¢ = 0, and from equations H, = 0, H, = 0 one gets z = f(u,v),
y = g(u,v), with functions f, g given and smooth in some region (u,v) € D.
If one plugs f, g into third and fourth equation a Hamiltonian system of two
differential equations with Hamiltonian A(u,v) = H(f(u,v), g(u,v),u,v,0) is
derived. System H, = 0, H, = 0 for some assumptions of the general position
type defines in the 4-dim phase space a smooth surface. Its points where the
conditions of the implicit function theorem H,, H,,—H :%y = 0 hold, indeed possess
the above-mentioned representation and for them we have a differential system
on the surface. Therefore, the surface obtained is called to be the surface of slow
motions or simply, as slow manifold.

The second limit passage € — 40 is made in the system where a new fast time
T = t/e has been introduced. Then e appears as a factor in the third and fourth
equations and as € — 40 one has a system of four equations (fast system), for
this system 2-planes (u, v) = (ug, vo) are invariant, in every such the plane its own
Hamiltonian system with one degree of freedom is defined, the system depends on
parameters ug, vg. That is why the system is called sometimes as a layer system.
For the fast system the slow manifold is the manifold of its equilibria. Many
phenomena of the full system are extracted from the assumption on the normal
hyperbolicity of this surface. Completely different situation arises, if one assumes
the normal ellipticity of the surface.
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One of the main problem of the geometric theory of slow-fast systems is to
extract the information on the orbit behavior of the full system (¢ > 0 and small
enough) from the properties of two limiting subsystems and its interrelations. If
we are lucky, then we have some procedure of reduction of the multidimensional
system to system of smaller dimensions. In the talk results in this direction will
be discussed, as well as new problems and essential difficulties at this approach
when a slow manifold has degeneration points w.r.t. its projection on the slow
variables. Here connections with geometry of Painleve-1 and Painleve-2 equations
are discussed, as well as some new simulation results obtained in the collaboration
with N.E. Kulagin.

Author thanks RFBR for a partial support (grant 14-01-00344).

AcuMnToTnKa pelneHus 3aJa9M KOHBEKTUBHON nuddy3um okoJ10
MWJIAHIPA C XUMUYECKOll peakiueii B 1udpPpy3moHHOM MOTPAHUIHOM
cJjioe

H.B.MakcumoBa
Bamkupckuit rocyrapcTBeHHbIN egarorndeckuil yuupepcuteT um. M. AKMyJLIbI,

Yba, Poccust
e-mail: Natashal8091986@mail.ru

PaccmoTpuM cranmonapHyto aud@y3uio 0KoJI0 MUINH/Ipa, 00TEeKaeMoro more-
PEUHBIM ITOTOKOM UJICAJTHHOM KIJTKOCTH ¢ YIeTOM 00'bEMHOI XUMITIECKOI peaKIinm

(|1], r1. 5, §6).

0You oY ou

2 —_ = _— — —

e“Au <(‘90 5 " By 89) eF(u) =0, (1)
u(1,0) =1,u — 0 pu r — o0, (2)

rie r, 0 - nonstpabie KoopanHathl, Y (r, 0) = (r — 1/r)sin @ - dbyskuus Toka (cum.
warp. |2] ). [pegmnonaraercs, aro dbyukimsa F(u) yuosaeTBopsier ycaoBusam F:
R' = R', F(0)=0, F'(u) >0, F(u) € C*(R).

AcuvniTornka perenust B udy3nOHHOM CJI0€ NMEeT BUJ
u(t,0,e) = ug(t,0) +cuy(t,0) + 2ua(t,0) + - - -, (3)

riet=(r—1)/e.

Oyukrumio F(u) n koahGUIuenTsl pi HEM3BECTHBIX PA3JIoyKIM B sl Teitopa
1 [IOJICTABUM WX, a Takzke psiji (3) B ypasuenue (1). [IpupaBanBast KoahpumnmuenTol
IIPK OJMHAKOBBIX CTEIEHSIX £, [0oJydaeM CHCTeMY ypaBHEHUI

(92u1 8 (9u1

——2t0089——|—2sm€— Uug, Uy, . .. Uj—1,t,0), 4

5 5 5 — J1uo v, - ui-1, 1, 0) (4)
rie fo(t, ) = 0, asustit Bug fi(t, 6) BeimmcbBaeTcs anasorndno cucreme (1.3)
paboTer |3]. V3 yeaoBuii (2) 1 u3 yeJI0BUit CHMMETPHHN TI0JIy9aeM IPAHNIHbIE YCJI0-

BU.
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B pabore nmoctpoero acuMIToTHaecKoe pasiozkenne perienns 3agadn (1)-(2) B
T OY3MOHHOM TOTPAHUIHOM CJIOE.

[1] Tymaso FO. I1., Toagnun A. /1., Pazannes FO. C. Maccomenaoobmen peazupy-
rwux wacmuy, ¢ nomoxom. — M.: Hayka, 1985

2] pusasos U.U. Bseederue 6 meopuro dynkuyutdl KoMNAEKCH020 Nepemento-
20. — M.: Hayka, 1967. — 444 c.

13] Axmeros P.T. Acumnmomura no maromy napamempy peuwenus ypasHerus
Jupysuu ene xanau /) Acumororndeckue perieHust 3ajad MatT. QU3NKHI.

Vba.: BHIT YpO AH CCCP, 1990. C. 3-16.

Variational and asymptotic analysis of a viscous fluid-thin elastic
layer interaction problem in an 3D-infinite layer

I.S. Malakhova-Ziablova
Institute Camille Jordan UMR CNRS, University of Saint-Etienne,
Saint-Etienne, France
e-mail:irina-smn@mail.ru

The coupled system viscous fluid flow-thin elastic plate in 3D when the
thickness of the plate tends to zero, is considered. The plate lies on the fluid which
occupies a thick domain. The complete asymptotic expansion is constructed.
The existence, the regularity and the uniqueness of the solution for the original
problem is studied by means of variational techniques. The method of asymptotic
partial domain decomposition is applied for the coupled system. The error of the
method is evaluated. This work is done under supervision of Grigory Petrovich
Panasenko and in collaboration with Ruxandra Stavre. They have considered
earlier [C.R.Mecanique, 2012] this problem in 2D, where the main distinguishing
feature of the 3D-coupled system from the 2D-case is in the asymptotic analysis:
when we construct the asymptotic expansion we have no more terms that we
can determine explicitly, we have now the systems for them. And as before, we
succeeded in differentiation between two problems: for the solid and fluid parts.

Jlemma o quamanTe, 6a3uchkl I'pebHepa 1 mpuMapHbIEe PAa3JIOXKEeHUSI.
C.B. MartsBeeB

Yengbuncknii Tocy1apcTBEHHBINT YHUBEPCUTET

Sunamenuras jemMa Hpromana 1942 rojma yTBep:KJaeT, UTO €C/In HEKOTOpPOe
MHOKECTBO C 3a/JaHHBIM Ha HEM aHTUCUMMETPUIHBLIM OTHOIIEHUEM YJIOBJIETBOPSI-
eT CHelaJIbHOMY YCJIOBHIO, KOTOPOE YacTO N300PazKaeTcs CTaHIaPTHBIM 3HAKOM
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JTMaMaHTa, T.e. pPOMOOM, TO KayKJblil €ro 3J/eMeHT MMeeT eJIMHCTBEHHBIH TepMu-
HAJILHBI 00beKT. OOBIYHO 9Ta JIeMMa MpuMeHsieTcs B Teopun Oasucos ['peduepa.
B nokutajie OyjieT pacckazaHo, Kak HeDOJIbIast MOAU(UKAINs 9TOH JIEeMMBbI 1T03BO-
JIIeT KaK JI0Ka3aTh HECKOJIHKO HOBBIX, TaK W OIMPOBEPIHYTH HECKOJIBKO < (DOJIbK-
JIOPHBIX > PE3YJIbTATOB O IIPUMAPHBIX PA3JI0KEHIAX TOIOJOINIECKIX 00HEKTOB.

AcumMmnToTndeckuii psj ImIpeodpa3oBaHs MOHOJIPOMMUMN.

H.B. MeaBenesa
Yengbuncknii rocy1apcTBeHHbI yHuBepeutet, Yensadbunck, Poccus
e-mail: medv@Qcsu.ru

zmaraercs MeTo 1 pas3 lyTisg 0COOEHHOCTEl, CBA3aHHbIH ¢ quarpamMamMn Hbro-
TOHA, MO3BOJIAIONNI 3(DPPEKTUBHO BEITUCIATE KOIPDUITUEHTH aCHMITOTHIECKO-
ro psjia Ipeodpa3oBaHus MOHOJPOMUN MOHOJIPOMHON 0CODOI TOYKM BEKTOPHOI'O
noJis Ha mockoctn. Panee 6butn mostyaenst dopmyset (1], 2], [3], [4] as mepsoro
1 BTOPOI'O YjieHa ACUMIITOTUKHU I1peoOpa3oBaHi MoHojpoMmun. B jpanHOil padore
IIOCTPOEH AJITOPUTM BBIYHCJIEHUST BCeX KO(PMUIMEHTOB aCUMITOTHIECKOTO psi-
Jla 1Ipeodpa3oBaHns MOHOJPOMUN B clydae, Korja jauarpamma HpioToHna coctout
TOJILKO U3 ogHoro pebpa. Obcyxkaaercs odmuit cryJaii.

[1] H.B. Mensenesa , E.B. Maszaesa ,“ [docrarounoe yciosne (okyca s
MOHOJIPOMHOI 0coboit Touku®, Tp. MMO, 63(2002), 87-114.

2] A.C. Boponun, H.B. Mengenesa, Uzeecmusa PAH | 77:2(2013), 35-52.

13] A.C. Boponun,H.B. Mensenesa, Becmuur Yeal'V, Cep.3. Mamemamura.
Mezanuxa. Ungopmamura., Boi.14 (2011), 27(242), 12-26.

4] A.C. Boponun, H.B. Measenena, Becmuuk Yomypmckozo ynusepcumema.
Cep. Mamemamura. Mexanura. Komnviomeproe nayru., 3(2009), 34-49.

Ilepuoanyeckue mapadbosamviecKmne 3a4a9u C pa3pbIBHBIMU
HeJIMHeTHOCTAMM

ITaBienko B.H.
Yeystouncknii 'ocynapersennsiit Y HuBepenrtet, Poccns
e-mail: pavlenko-vn@yandex.ru

Uccnemnyercsd pa3penmMoCcTb MEPUOITIECKOIT 110 ¢ 3a1a4um

n

Lu = u; — Z(aij(a:, )y, )z, + ij(a:, )y, + c(x, t)u )
ij=1 j=1

= g(x,t,u(x,t)), (x,t) € Qr,
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uls, =0, u(x,0) =u(z,T), v €Q, (2)

B numagpe Qr = Q x (0,7), Q — orpanudennasi 8 R” 061acTh ¢ JOCTATOTHO
riaajkoit rparuneit 02, Sy = 0Q x (0,7T), dyukuus g(z,t,u) = go(w, t,u) —
g1(x,t,u), g1(z,t,u) — Kapareojoponesa, go(r,t,u) — CYNEPIO3UITUOHHO H3Me-
pumasi 1 0be HeydObIBaorie mo u. Oueparop L paBHOMEpHO HapadOJINIeCcKnii B
Q7 1 ero KoachbpuimenTsl a;j, by, ¢ 1 TpousBoHbIe (a4j),, mpuHaiexKar L>(Qr).
MeTo0M BEPXHUX U HUKHUX PEHICHUil HOydYeH CJIeLyIonuii pesybTar.

Teopema IIpednonooicum, wmo cywecmsyrom nocmoannove R < 0 u Ry > 0
makue, wmo nowmu 6ctody na Qr eeprv, nepasencmea c(x,t)Ry + gi(x,t, Ry) <
g2(x,t, Ry), c(x,t)Re + g1(x,t, Ry) > ga(x,t, Ry) u cnpasedausa oyerka

|g¢(:v,t,u)| < CL(CL“,t) Vu € [R17R2]7

ede a € LYQr),q > 2,1 = 1,2. Tozda 3adava (1)-(2) umeem cuavroe pewerue
U3 MPoOCMPaAHcmea WqQ’l(QT). JlokazaTeIbcTBO TeopeMbl Dasupyercs Ha, 0OIeil
cxeMe MeTOjla BePXHUX U HIZKHUX periennii |1, Teopema 1].

|1] B.H. [Tassenko, O cyiecTBOBAHIN MOJIYIIPABIIBHBIX PEIeHIil TepBoiil Kpa-
eBOil 3ajiaun JiJIsi ypaBHEHHs 1apadoJIMYecKoro TUIla ¢ Pa3pbIBHONI HEMOHO-
TOHHOI HesmueitnocThio // Jluddepennnabubie ypasuerns. — 1991, — .

27, Ne 3. — c. 520-526.

Non-steady flow in a tube structure: equation on the graph

G. Panasenko and K. Pileckas
University of Lyon, Institute Camille Jordan UMR CNRS,Saint-Etienne, France;
Faculty of Mathematics and Informatics, Vilnius University, Vilnius, Lithuania
Emails:grigory.panasenko@univ-st-etienne.fr, konstantinas.pileckas@mif.vu.li

The steady fluid flows in tube structures were considered in [1]. These domains
are connected finite unions of thin finite cylinders. Each such tube structure may
be schematically represented by its graph: letting the thickness of tubes to zero
we find out that tubes degenerate to segments. It is known that the steady-
state Navier-Stokes equations in thin structures lead to some elliptic second order
equation for the macroscopic pressure on a graph (see [1]). In the non-steady case
the problem for the macroscopic pressure on the graph becomes nonlocal in time.
Let O1,04,...,0xN be N different points in R",n = 2,3, and e, eq,...,€ey be
M closed segments each connecting two of these points (i.e. each ¢; = O;, Oy,
where i, k; € {1,...,N},i; # k;). All points O; are supposed to be the ends of
some segments e;. The segments e; are called edges of the graph. A point O; is
called node if it is the common end of at least two edges and O; is called vertex
if it is the end of the only one edge. Any two edges e; and e; can intersect only
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at the common node. The set of vertices is supposed to be non-empty. Denote
N

B = |J e; the union of edges and assume that B is a connected set. The union
j=1
of all edges having the same end point in O; is called the bundle BW.
Let e be some edge, e = O;0;. Consider two Cartesian coordinate systems in

R™. The first one has the origin in O; and the axis O,-ng) has the direction of the ray
[0,;0;); the second one has the origin in O; and the opposite direction. With every
edge e; we associate a bounded domain ¢/ C R""! having Lipschitz boundary
do’7,5 =1,..., M, an infinite tube ¢/ x R, where the pressure is supposed to be
linear with respect to the longitudinal variable (its slope 8(7) is called the pressure
drop), and the operator L) relating the pressure drop 8(7) and the flux (flow rate)
H(7) in an infinite cylindric pipe with the cross-section o(®). Namely, consider
the following initial boundary value problem for the heat equation: for given & €

aV
Lo(0,400) find V € Ly(0, +oo; Hi(c(®))) with 5 € Ly(0, +00; Ly(c'?))) such
T
that

ov
or
V'Y ) go0 = 0,7 >0,V 0) =0, 3y eo¥,
and denote L8(7) = [ ., V(y 7)dy'”
Consider the following problem set on the graph B. Let T > 0. Given functions
U, € Hj(0,+00), I = 1,..., N, and functions F%) € Hj(0,+o0; H(B)), i =
1,..., M, find a function p € H'(0,T; H*(B)) such that equations

8 6 e €
(L<e p (xn),7)>:F(e), 79 € (0, |e]),

— (' ) — VAy(e>,\7(y(e)’, 7)=8(1), Y eo¥ >0,

(9% (9.7:(6)
— 0,7)=W(7), [=1,..., Ny,
e:gl:€€( © 8:1: ))( ) l( ) : <1)
0 9P
—(L< >6w%€))(0,7) —Wy(r), l=Ny+1,..,N,

hold for all ¢ € (0, T) and for all edges e = ¢;, i =1, ..., M, i.e. the first equation
holds on every edge e of the graph, the second equation holds at every node and
the sum is taken over all edges of the bundle BY, the third equation holds at
every vertex O;. In conditions (1); and (1)s the local coordinate system has the
origin O.

This problem describes the one-dimensional flow in a pipe-wise network. Here
p stands for the macroscopic pressure and the right-hand sides describe given
sources distributed in the edges or concentrated at the nodes and vertices of the
graph. The pressure is supposed to be continuous on the graph B.

Theorem 1. Let ¥; € H}(0, +00), [ = 1,..., N, and F¢) € H}(0, +00; H(B)),
i = 1,..,M. Problem (1) admits a unique solution p € HY0,T; H'(B))
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vanishing at the verter Oy if and only if

M les] N T
3 / (FO),deleddr + 3 / (W).(r) = 0
i=1 70 =1 70

for almost all T € (0,T).

[1] G.P. Panasenko, Asymptotic expansion of the solution of Navier-Stokes
equation in a tube structure, C.R.Acad.Sci.Paris, 326, Série I1b, 1998, 867-
872.

Complicated attracting sets in a system of nonlinear oscillators
coupled via movable common base

E.V. Pankratova, V.N. Belykh
Volga State Academy of Water Transportation, Nizhny Novgorod, Russia
e-mail: pankratova@vgavt-nn.ru
Nizhny Novgorod State University, Nizhny Novgorod, Russia

We consider a system of coupled differential equations that models the behavior
of oscillators mounted via springs on a movable common base (with taking into
account friction losses) [1]. In the case of n oscillators the considered 2(n + 1)-

dimensional system has 3" equilibrium points Oé-(xé-,zo), x! is n-dimensional

j
vector of oscillators’ displacements, j = I,n, [ = 0,1,2, and zg is (n + 2)-
dimensional null-vector. Notice that all of the points Of(x},zg) are of saddle
type.

In this work we focus on two particular cases with n = 1 and n = 2 and study
the dynamical changes with the increase of coupling parameter. We show that
the coupling mediated by the moving base results in the emergence of various
dynamical regimes of behavior including periodic, quasi-periodic and chaotic
oscillations of subsystems. By numerical simulations we show that in a certain
region of parameters ¥ = W(a,b,...) co-existence of a large number of chaotic
and non-chaotic attractors is observed. Notice, that in this multi-stable state the
structure of the phase space division represents mixed basins of the attracting
sub-sets (basins of co-existing attractors) and domains of initial points leading
trajectories to escape to infinity [2]. We show that part of the saddle points
within the region W satisty the Shilnikov condition, and, therefore, the emergence
of the complicated multi-stable regime here displays the development of Shilnikov
chaos |3, 4].

This work is supported by the Russian Foundation for Basic Research (projects
12-01-00694 and 14-02-31727).
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[1] V.N. Belykh, E.V. Pankratova, A. Yu. Pogromsky, H. Nijmeijer, Proceedings
of the 6th EUROMECH Conference (ENOC 2008) , Saint Petersburg, Russia,
2008.

2] V.N. Belykh, E.V. Pankratova, Int. J. Bif. and Chaos, in press, 2014.
|3] L.P. Shilnikov, Sov. Math. Dokl., 6, 163 (1965).

|4] L.P. Shilnikov, A.L. Shilnikov, Shilnikov bifurcation. Scholarpedia, 2(8): 1891
(2007).

Invariant solutions and optimal system of subalgebras some
pseudoparabolic equation
A.V. Panov
Chelyabinsk State University, Russia
e-mail: gjd@bk.ru

Partial differential equation

-3
U — Utge = U

is considered. Symmetry group [1] of this equation was found and its Lie algebra
has basis [2]
Yi= 0y Y= t0+ 70, Yo =0,

1 1
Y, = 5(6236&5 + e*ud,), Ys = 5(6*%&5 — e *u0,).

Table of commutators is

Y Y5 Y3 Yy Ys
Vi 0 Vi 0 0 0
Yy Y, |0 0 0 0
Ys 0 0 0 Y, | —2Y;
Y, 0 0 —2Y, |0 Y,
Ys 0 0 2V, | Vs 0

Optimal system of subalgebras [3] is constructed for this algebra. Invariant
solutions of equation are found for one-dimensional subalgebras.

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

2] A.V. Panov, Ufa Mathematical Journal, 5,4, 105-115 (2013).
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3] L.V. Ovsyannikov, Doklady Mathematics, 48, 3, 645-649 (1994).

Showalter problem for a class of degenerate semilinear equations of a
high order

M.V. Plekhanova
South Ural State University, Chelyabinsk, Russia
e-mail: mariner79@Qmail.ru

Let X, ) be Banach spaces, operator L : X — %) be linear and continuous,
ker L # {0}, an operator M be linear, closed and densely defined on Dj; in X,
X be an open set in R x X, an operator N : X — %) be nonlinear. In the case of
(L, p)-bounded operator M [1] we have direct sums X = X" @ X1, 9 =9’ ® !
with corresponding projectors P and Q. By M (respectively, Ly) we denote the
restriction of operator M (respectively, L) to Dy, = X* N Dy (respectively, X¥),
k=0,1.Put H= MLy, V=XnN(Rx X!,

For m € N consider the problem

Cﬁ—n;Lx(t) — Ma(t) + N(t, 2(t)), (1)
Pa®(ty)) —ap) =0, k=0,1,...,m—1. (2)

A solution of the problem (1), (2) on [to,t1] is a function x € C™([ty, t1]; %),
satisfying condition (2), such that for any ¢t € [tg,t;] we have (t,z(t)) € X,
x(t) € Dy and equality (1) is valid.

Various initial boundary value problems for mathematical physics systems of
equations can be reduced to the problem (1), (2). Using the approach of the paper
|2] for the first order degenerate differential equation we prove next theorem on
unique solvability of the problem (1), (2).

The work is supported by the grant 14-01-31125 of Russian Foundation for
Basic Research.

Theorem 1. Let p € Ny, an operator M be (L, p)-bounded, set X be open
in R x X, V be open in R x X1, for all (t,x) € X, such that (t, Px) € X, the
conditions N(t,r) = N(t,Pxr), N € C"™(V;9), (I — Q)N € Cc™r+)(V;9)
be satisfied, and an operator QN : V. — ) be locally Lipschitz continuous with
respect to x. Then for any pair (tg,zo) € V there exists t1 > ty, such that the
problem (1), (2) has a unique solution x € C™([ty, t1]; X).

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

2] V.E. Fedorov, P.N. Davydov, Trudy Instituta Matematiki i Mekhaniki UrO
RAN, 19, no 4, 267 278 (2013).
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AcuMOTOTHKA COOCTBEHHBIX 3HAUEHUIT KPaeBOil 3a/auun JIJist
oneparopa Jlammaca B objiacTui ¢ y3KOil 1MIejbio

E.FO. IToctaukoBa
Yenabuncknii rocy1apcTBeHHbIN yHuBepeuTeT, Yensadbunck, Poccus
e-mail: liory@bk.ru

PaccmarpuBaeTcs acMMITOTHKA COOCTBEHHBIX 3HAYEHWIT KpaeBoil 3aja4u Jiisd
oreparopa Jlamaaca B AByMepHOIT 00J1aCTH € Y3KOIi TIEJIbI0, MUPUHA KOTOPOI sB-
JIIeTCs MaJIbIM TTapamMeTpoM. Ha rpanutie y3Koii mein 3a/al0Tcs KpaeBble YCIo-
BUs TpeThero poja. [focTpoeno acuMIToTnieckoe pas/iozKeHne cobCTBEHHOIO 3Ha~
YeHUsT BO3MYIIEHHOMN 3a/a4un, CXoJdIeiica K MpocToMy COOCTBEHHOMY 3HAYEHUIO
peIe/IbHON 3a/1a9l METOJIOM COTJIACOBAHMA aCUMIITOTHYCCKIX pas/oxkeHuii. Co-
[JIACHO TOMY METO/1Y IHOCTPOCHUE BHEIIHETO aCUMIITOTUYIECKOTO Pa3JIOZKEHUs 10-
CTEIICHHO «MCIIPAaBJILAETCA» BHYTPEHHUM.

Universal Transport in Topological Insulators

A.P. Protogenov, V.A. Verbus, E.V. Chulkov
Institute of Applied Physics of the RAS, Nizhny Novgorod
e-mail: alprot@appl.sci-nnov.ru
Institute of Applied Physics of the RAS, Nizhny Novgorod
Departamento de Fisica de Materiales, Facultad de Ciencias Quimicas,
Uviversidad del Pais Vasco, San Sebastidn /Donostia, Spain
Tomsk State University, Tomsk 634050, Russia

A topological insulator is a quantum phase of matter with gapless electron
states on the surface and gapped ones, in the bulk. In two-dimensional systems,
conducting electron states propagate along the edge of the topological insulator.
These states have a linear Dirac dispersion and spin locked to the momentum |1,
2, 3]. In the talk, we will consider the universality of the transport characteristics
in two-dimensional topological insulators.

[t is convenient to use the ballistic Landauer-Biitticker approach [4] writing
the current I;, injected through the terminal ¢ into a sample as

2
Li= 2 ) (T5Vi = TVj) ()

j=1

Here, Vj is the voltage on the terminal j, e is the electron charge, h is the Planck
constant, and h/e* is the resistance unit. We will equate it further to unity. 7},
is the matrix element of transmission from the terminal ¢ to the terminal 7, and
N is the total number of terminals. It plays a role of the tuning parameter. The
edge electron modes in topological insulators propagate in two directions. We will
put that the transmission coeflicients between neighboring terminals are equal
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Puc. 1: Distribution of edge states in a two-dimensional N-terminal insulator.

to unity: Ti41; = Tii41 = 1 and other probabilities are equal to zero. The N-
terminal scheme implies the use of the periodic boundary conditions Ty y =
Tin, Tnn+1 = Ty in the both directions of the edge state propagation. The
labels of terminals, whose voltages we will measure, will contain information about
the influence of the edge state current between the terminals, through which the
current flows about the voltage distribution on other terminals.

Let the current 7y flows through terminals 1 and N (see Fig. 1) and the voltage
be measured on all other terminals. In this case, the equation which determines
the voltage on the contacts, has the form

AV =1, (2)

where the matrix A equals Aij = 25@' — 5¢,j+1 — 5¢,jf1 — 51',1 (5]',]\7 - (51'7]\7 (5]',1,
d;; is the Kronecker delta, 1 < 4,5 < N, V = (W, V,,...Vy_1,Vy), and
I = I1in(1,0,...0,—1). We are interested in the difference between the voltage
on terminals. Since the vector V is invariant with respect to the constant value
shift, we may assume that Vy = 0.

For arbitrary N, the solution of Eq.(2) has the form V; = @iy (1 — ﬁ)
Therefore, the resistance (V4 — Vi )/I1ny between terminals 1 and N equals
Rinin = (N —1)/N. The nonlocal resistance Ry ;i—(Vi—V;) /Iy at k =1,1 =N
when measuring the voltage between the terminals ¢ and 7 is

i
RWM:]N . (3)

To find the voltage distribution in the situation, when the current flows from
the terminal 1 to the terminal &, in the right-hand side of Eq.(2,) we have to use
the equation for the current in the form of I = I1;(1,0,---—1,...0). Here, —1
is located in the k place. The exact solution of Eq.(2) in this general case has the
form

%:[m(l—%ﬂy—h+N0 | (4)
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if 1 <4<k, and

Vi= (1= )= k) (5)

it £ <1 < N. These assignments of the current and voltage terminals determine
the following values of the resistance

Ruij = (1= k), k<ij<N, (6)
Li(1—k)+(k—i), 1<i<k k<j<N.

One can easy verify that after the interchange of the current (1k) and voltage
(zj) probe indices and the shifts k — j—i+1,j > k—i+1,i > N —i+2
these equations satisfy the Onsager-Casimir symmetry relations R, 11 = Rrimn
5] for the nonlocal resistances R, x. We would also like to mention the fact that
topological universality of the ballistic transport due to the edge states under ideal
conditions is determined by the topological properties of the electron quantum
bulk states. Therefore, the considered phenomenon in a trivial insulator is absent.

We focused on the universal exhibition of topological order in the transport
properties of ideal two-dimensional topological insulators in the most representative
form. The study of the transport characteristics of the topological insulator
SmBg revealed [6] that in the three-dimensional case the transport properties
significantly depend on the geometry of samples and terminal assignments. A
deviation from the universal behavior takes place also in two-dimensional systems.
It occurs due to metal droplets inside real contacts. This phenomenon can be
described in terms of an additional terminal. The effect of this and other factors
such as a finite width of the terminal, reflections from the internal interfaces, and
other conditions on amplitudes of the transitions between current and voltage
terminals has been studied in Refs. |7, 8, 9, 10].

To conclude, we have described the universal distribution of the resistances
studying the edge state transport in the two-dimensional topological insulators in
the ballistic transport regime.

The authors are grateful to C. L. Kane, M. Biittiker and S. V. Eremeev for
useful discussions. This work was supported in part by the RFBR Grant Nos.
13-02-12110 and 14-02-00174.
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[Tycrs €2 — equHUYHBIIT KPYT € TIEHTPOM B HadaJjie koopanHat. Obo3HaunM yepes
W3 0(Q,7:) — noamuozkecrso byukiuit us Wy () pasubix mymo nav. = {(r, p) €
00 : (—e <y <e)}, e (r, ) — noaspabie KoopauHaTel, 0 < & < 1.

Bemuauna H H2
U
C(Q,7:) = sup {—LQ(Q) }

wewdy @) | IVl

Ha3bIBAETCs MOCTOsAHHON Dpupuxca.

MeToom cortacoBatms acCUMITOTHIECKIX pas/iozkennii |1]| mokaszana cripasei-
JINBOCTDH CJIEJIYIONIEr0 YTBEPK IEHUSI.

Teopema. IIpu € — 0 cnpasedauso pasercmeso

ne

C(Q,7.) =Ine K (%) +0 (Velne), -0,

ede K(z) — anasumuueckas 6 nyse dynxyus, npuvem, K(0) = —1.
Pabora mepBoro aBropa BbiloHeHA 11K T101epskke PODU (poext Ne 12-01-
00259-a). Pabora tperbero asropa noiep:kana PODU (mpoexr Ne 12-01-00445-

a).
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|1] Wobun A.M. Cozaacosanue acumnmomuueckus pasioscenuti pewenut kpa-
esoix 3adav // M.: Hayxa, 1989.

Analytic family of solution operators for degenerate fractional
differential equation
E.A. Romanova, V.E. Fedorov
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: linux 21@mail.ru, kar@csu.ru

Let 4l and 2 be Banach spaces, L : 4 — § and M : & — U be linear closed
operators with dense domains Dy and Dj;. Denote R, = R, U {0}. For a > 0
consider the equation

DeLu(t) = Mu(t), teR,. (1)

A fuction u € C(Ry; Dyr) NC(R,; ) is called a solution of equation (1) if there
exists Caputo derivative [1| Df Lu and for all t € R, equality (1) is fulfilled.
Operators family {U(t) € L(4) : t € R, } is called solution operators family
for equation (1), if for every uy € 4 function u(t) = U(t)ug is a solution of the
equation.
For p € NU {0} a pair of operators (L, M) belong to the class A*(0, a, p), if
(i) there exists @ € Ry and 6 € (7/2,7), such that the inclusion \* € p(M)
holds for all A € SL, (M) ={pu € C:|arg(u—a)| < 0,u # a};
(ii) there exists K € R, such that

p

] &0

k=0

K

max

p
L
’ HLM?(M> A
e k=0 ) e (e = a)
—0

for all pug, p, ..., pp € Sfﬁ(M).

In the case of continuous operator L™ : 0 — 4 we have (L, M) € A%(#,a,0),
iff L7'M € A%(0,a) (see [1]).

Theorem 1. Let (L, M) € A*(0,a,p), v = 85(’;9(1\4) + 1. Then operators

1 _
U(t) = —,/uo‘l(uO‘L — M) 'Letdu, t € Ry,
2mi

Y

form an analytic family of solution operators for the equation (1).

[1] E.G. Bajlekova, Fractional Evolution FEquations in Banach Spaces. PhD
thesis, Eindhoven University of Technology, University Press Facilities, 2001.
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O 4gmcJeHHOM pelleHn HEKOTOPOTO HEeJIMHEIHOTO TPeXMepHOro
ypaBHeHus Kieitha-I'opgona

CanumoB P.K., Exomacos E.T.
Bammkupcknii rocytapcTBeHHbIN YHUBepcuTeT, Poccnst
e-mail: salemsrk@yandex.ru

Nsyuenne nenuneitnbix ypasuenunii Kieitna-lopgona u,, — uy = F(u) s
pasztoro Bujga Gyuxiuit F'(u) urpaer BayKHyIO pOJib B UCCJIEIOBAHUE COJTUTOHOB.
DTHU ypaBHEHUSI JIEFKO 0000IINTHL Ha IPOCTPAHCTBA DOJIee BHICOKOI pa3sMepHOCTH,
Hanpumep V2u — uy = F(u)mmm juis cdepidecKoil CuMMETpHE Uy, + 24 —
uy = F(u). Kak uzBecTHO, HE CyIIeCTBYeT CTalMOHAPHBIX pernernii Jlopemr-
MHBAPUAHTHLIX IIOJICBBIX YpaBHEHU{l JJIsi IPOCTPAHCTBEHHOI pasMepHocTH OoJee
onnoit [1, 3]. OHAKO 9TO He HCKITI0UACT 3aBUCSIINX OT BPEMEHN OCIIUJLIHPYOIINAX
pereHnii.

Hamu 11c/IeHHO HCC/Ie0BANIICH DELICHIs yPABHEHUH BIA Uy + 24 — 1y = u'n
u ¢ npagoit wactbio Buga F(u) = sin(u) + un (8 wactuocru m/n = 1/3,m/n =
3/5). Ilpu 5TOM 6bLIN OIYUEHBI HHTEPECHBIE JTOJTOKUBYIIIE OPU3EPOIOI0OHBIE
pelleH s, aHAJIONMIHbIE TyJILCOHAM ypaBHeHus cunyc Lopaon|2].

JI1s1 9uCsIeHHOr0 MCCIe0BAHIs MOJ0OHBIX YPABHEHNH PA3HOCTHLIC CXEMbI HE
COBCEM YIOOHDI, IO3TOMY HAMH HCIOJIL30BAJINCH CIICKTPAJbLHBIC METOALL. B Ka-
gyecTBe (DYHKIMI JJIsl PA3JIOZKEHUA B Pl UCIOJIL30BAINCH TPUTOHOMETPUICCKIIE
dbyuknum u coberseHnble (PYHKIMHI TAPMOHIICCKOIO KBAHTOBOIO OCIILIATOPA.

VpaBHEHNS C IPaBOl YAaCTBIO BUJA Un MMEIOT CHMMETPUH DACTHAZKEHHs I10
r,t U CABUIA 110 BPEMEHU U MOI'YT OLITH HPUBEJCHLI K OIHOI 1mepemenoii. Yact-
HOE pEelICHHe PEAYIUPOBAHHOIO YPABHEHUS UCCICIOBAIOCH TAKZKE UUCJICHHO, HO
ero peleHusl He NMEIOT JIOKAJIN30BaHHbIi By, Jlajgee 4ucaenHo UcC/ie10BaInch
YPaBHEHUS BUIA Uy + 275 — Uy = un (u? — u?)k, KOTOPbIE TaKKe UMEIOT Opuse-
POIIOIOOHDIE PEHICHUA 1 CUMMETPUN PACTSZKCHUST U CJIBUTA 110 BPEMEHH.

|1] Derrick G. Comments on nonlinear wave equations as models for elementary
particles // J. Math.Phys., 1964.Ne. 5.P.1252—4.

2| Bozomobckui — U.JI.,  Mazanvkos — B.I.  Innammka  cdepnaeckn-
CHUMMETPUYHBIX ITYJIbCOHOB 6oJibioii amintyael // Iucema B 2K9TO.,

1977.T. 25. Ne. 2.C. 120-123.

3] Maxanvros B.I. CoauToHbl U 9uC/IeHHBIT 9KciepuMenT [/ Qusnka 3/1eMeH-
TapHBIX JacTUIl 1 aroMHoro sapa. 1983. T. 14 Ne. 1.C. 124-177.
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Bropoii 4jeH acuMITOTUKN pellleHus YpaBHeHus Xamepa

A.A. ConoBbeB
Yey1s10uHCcKMit TOCYIapCTBEHHDBIN YHUBEPCUTET

Haiijien BTOpoil 4jieH acuMITOTUKE PEleHnd HadaJIbHOM 3a/a4un JI/Isd ypaBHe-
nus Xamepa. JlokazpiBaeTcsd, 9TO OH KpaTeH BTOPOMY WJIeHY aCUMIITOTHKHI pellie-
HUST HAYaJIbHON 3aJ1adm JijId ypaBHeHus bioprepca.

Nonlocal solvability of hydrodynamical type systems of equations

V.E. Fedorov, P.N. Davydov
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: kar@csu.ru, davydov@Qcsu.ru

Denote v = (Vays Uiy« -+, Vs, ), v = (Vayys Vyans « + 5 Vs, ) 5 fix T > 0. Using

the approach of [1] we will research the unique nonlocal solvability of the initial
boundary value problem

(1 —xA)vy =vAv+ (q(t,z,v) - V)v + G(t, v, v, v)v+

12
3 Gt v, o+ 35 G0 g, =7, (1) € QX st + 7],
i=1 ij=1
V-v=0, (x,t)€Qxlty,to+1T], (2)
v(z,t) =0, (x,t) € 0N x [ty,to+ 1], (3)
v(x,tg) = vo(z), x €. (4)

Here 2 C R"™ is a bounded region with a smooth boundary 0€2, n < 4. Equations
of the form (1), (2) arise in the dynamics of viscoelastic fluids. Vector functions

v = (v1,v9,...,0,) of velocity, and r = (ry,r9,...,r,) of pressure gradient are
unknown. Vector function ¢ = (¢',...,¢") and functionals G, G*, GY, i,j =
1,...,n,depending on ¢, v, v, v are set, moreover, G, G*, G : R XL§+"2+"3 SR

where L3 is a Cartesian power of the space Ly = (Lo(Q2))". For example, G, G',
G may be functions of integrals of v, v, Y over Q) or its subregions. Also they

may be functions of values of v in the fixed points of 2.

Denote H! = (W3 ()", H? = (WZ(£2))". The closure of £ = {v € (C§())" :
V -v = 0} in Ly is denoted by H,, the closure in H' will be written as H!. Put
Hg = H}T N H?. Denote the orthogonal complement to H, in Lo as H,.

Main result of this report is a theorem on conditions for the existence of an
unique solution v € C([tg, to + T]; HZ), r € CY([to, to + T); H2) of the problem
(1)—(4) for every vy € H2 with fixed T' > 0 independent of vy.

The work is partially supported by the grant 14-01-31125 of Russian
Foundation for Basic Research.
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[1] V.E. Fedorov, P.N. Davydov, Trudy Instituta Matematiki i Mekhaniki UrO
RAN, 19, no 4, 267 278 (2013).

Group analysis of an equation describing a distribution of defects in
solids

N.V.Filin
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: nikolay filin@inbox.ru

In this work simmetries [1| of an equation

cu(t, @) = acy(t, x) + g(c(t, x))e (t, x), a F#0, (1)

were studied. Lie algebra of the equivalence transformations group was found. For
example, in the case of ¢'(c) # 0 algebra has a basis of the form

0 0 0 0
}/1:&7 }/2:%7 }@)_%7 n_ca7
0 0 0

Nonlinear specifications of g were found corresponding to the additional
symmetries. A search of invariant solutions or submodels for equation (1) was
done. For example, for the function g(c) = e we have a submodel

(5 = astyg(o) + (el = 15— 205 ) (6) 4

b

of equation (1), then corresponding invariant solution will be of the form ¢(¢, z) =
©(s)t75, where s = t/x. For the specification g(c) = ¢® a submodel

(s — as®) " (s) + (%) — 2as*) ¢ (s) +1 =0
was obtained, where s = t/x, and the invariant solution ¢(¢, ) has a form ¢(t, z) =

—Int+ p(t/x).

[1] L.V. Ovsyannikov, Group Analysis of Differential Equations. Nauka, Moscow,
1978.
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Functional invariants of germs of two-dimensional resonant maps

P.A.Fomina, S.M.Voronin
Chelyabinsk State University, Chelyabinsk, Russia
e-mail: fominapa@gmail.com, voron@csu.ru

We consider germs of two-dimensional holomorphisms with fixed point 0 and
resonant linear part of Siegel type. It is easy to verify that formal classification
of such (typical) germs has finite number of numeric moduli. Let fy be one of the
corresponding formal normal forms. Two germs are strongly equivalent if there
is a local transformation, conjugating them and close to identity. Denote by F
a class of strong formal equivalency of fy. For f € &, call cut neighborhood a
neighborhood of 0 with deleted invariant hyperbolic submanifolds of f. An atlas
T is mormalizing atlas on a cut neighborhood for f, if in its charts f coincides
with fp, and the formal strongly-normalizing transformation of f is asymptotic
series for all the charts of 7.

Theorem. A normalizing atlas exists for any f € F.

Let us consider collection ¢ of the transition functions of a normalizing atlas
71 of f € F. We show that:

the collection ¢y are uniquely defined by a more simple collection (modulus)
mys = (Pg, Vs, 1) from a (exactly described) functional space M;

two germs of J are strongly analytically equivalent iff its moduli coincide;

(realization) any m € M is a modulus of some f € F.

Applications. We can suppose that fy is 1-time shift of a formal normal form
from [4] or [5]. Then: 1) f € F can be included in a flow iff ®-component of its
modulus my is trivial. Moreover, in this case W-component of m; is Martinet-
Ramis modulus (see |1, 2|), and ¢)-component is modulus Grinchii [4] or Teyssier-
Mescheryakovoi [3, 5] of the generator of the flow . 2) It is possible to show that
(for semihyperbolic germ f) existence of a central manifold C is equivalent to
triviality of one of the components of my. In this case, the restriction of f to C} is
a parabolic germ, and its Ecalle-Voronin moduli 6] are restrictions of remaining
components of my.

The work is partially supported by the grant 13-01-00512a of Russian
Foundation for Basic Research.

[1] J. Martinet, J.P. Ramis, Ann. Sci. Ecole norm. supér., 16, 4 (1983).

2] J.Martinet, J.P.Ramis, Inst. Hautes 'Etudes Sci.Publ.Math. , 55 (1982).
|3] L.Teyssier, J. Dynam. Control Systems , 10, 4 (2004).

[4] S.M. Voronin, A.A.Grinchii, J. Dynam. Control Systems, 2, 1 (1996).
5] S.M.Voronin, A.Yu. Mescheryakova, Trudy MMO, 66 (2005).

|6] S.M.Voronin, Funktsional. Anal. i Prilozhen. 15, 1 (1981).
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Asymptotics of the solution of a nonlinear initial value problem for
the ODE system of chemical kinetics

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

Differential equations of chemical kinetics are used for describing the rate of
change between the molar concentrations of the reacting substances. With the
introduction of the small parameter method for such equations it is possible to
obtain modeling initial value problems, which could be implemented in practice,
and then applying the method of matched asymptotic expansions [1] to construct
the asymptotic behavior of their solutions. By analyzing the parameters on which
these decisions are dependent, it is possible to solve the inverse problem of
chemical kinetics — to find the coefficients of the reaction rate.

The report considers the Cauchy problem for the system of ordinary differential
equations (ODE) with a small parameter describing the kinetics of the initial
stage of oxidation of organic matter with molecular oxygen in the presence of
an inhibitor, the initial chemical statement of the problem coincides with the
oxidation kinetic problem considered the publication |2]| up to the choice of values
of coefficients. The difference lies in the change of this choice, which leads to
another occurrence of various degrees a small parameter in the system of ODE
under consideration.

[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] L. A. Kalyakin, A. M. II'in, S. I. Maslennikov, The mathching method for
asymptotic solution in chemical physics problems Adv. in Chem. Phys., 47
(1997), P.1-46.

Pe3osbBeHTHasI CXOAMMOCTD JIJIsA 38491 C YaCTOl CMEHOIi KpaeBbIX
yCJIOBUII B cjIydae ycpeaHeHHoro ycjoBusi /lupuxiie

T.®. IllapanosB
Poccus, r. Yda, ®PI'BOY BIIO BI'TIY mv. M. Akmysiibt
e-mail: stf0804@Qmail.ru

PaccmaTpuBaeTcst 9/IMITHICCKUI OTIepaTop B MHOTOMEPHOiT 00J1acTi ¢ 9acToil
CMEHOIl KpPaeBbIX YCJIOBUII B cCJjydae, KOrJia YCPEJIHEHHBIN olepaTop COJACPzKUT
kpaeBoe ycioBue dupuxie. He npeanosaraercs, aro obsacth orpannyena. Ha
rpanuiie 00J1IaCTH BbIjIe/sieTcss Habop Mo IMHOXKecTB. Ha 3Tux nojaMHoykecTBax 3a-
naeTcsd rpanndHoe ycejaoBue Jwpuxie, Ha ocraBiieiics 9acTu TPAHUIBI - YCJIOBHE
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Heiimana. cenemyercs noBeienne perniennii TakKoil KpaeBoil 3a/1adm, KOTJIa THIC-
JIO YacTeil BBIJICJICHHOIO IIOJMHOXKECTBa I'PAHUIbl HEOIPAHNYICHHO PacTeT, a Mepa
KazKJI0il OT/JEJbHOIl YaCTU U PACCTOAHUE MEKJY COCCJIHUMU YaCTAMU CTPEMUT-
cd K Hy/T0. BO3MOXKHBI TaKxKe MOCTAHOBKH 3a/ad, B KOTOPBIX ONMUCAHHAsA CMEHA
KpaeBbIX YCJIOBUIl 3a/laeTCs He Ha BCeil rpaHuIle, a JIMIIb Ha (PUKCUPOBAHHOI ee
JaCTU, B TO BpeMs KaK Ha OCTAJIbHOI YaCTU I'PAHUIIBI 3a/1aeTCdA O/HO I'PaHUTIHOE
yceaosue Jupuxie. Jlokazana paBHOMepHasl pe30JbBEHTHas CXOJIMMOCTH BO3MY-
MMEHHOT0 omepaTopa K ycpeaaeHHoMy. [lojrydennbl onenkn cKOpOCTH CXOJNMOCTH
HOPMBI ollepaTopa.

Submodels of the thermal motion of a gas

Yu. A. Chirkunov, E. O. Pikmullina
Institute of Computational Technologies, Siberian Branch, Russian Academy of
Sciences, Novosibirsk, Russia
e-mail: chr101@mail.ru
Novosibirsk State Technical University, Novosibirsk, Russia
e-mail: elenal87@list.ru

Systematic study of gas dynamics submodels was launched in the proposed
by academician L. V. Ovsyannikov project called Submodels. In the study, the
submodel of thermal motion of a gas obtained unlucky number 13. This submodel
(or rather one of its invariant solutions) has been used previously by academician
L. I. Sedov to solve the problem of an intense explosion.

In this paper it is shown, that the system of equations of thermal motion of
a gas with four independent variables is converted to an equivalent nonlinear
reduced system with three independent variables describing the trajectory of the
gas particles. The simplest representatives of all significantly different (not limited
by point transformations) invariant submodels of rank 0 and 1 are found for the
reduced system of differential equations. Some boundary value problems for the
system have been studied by means of these invariant submodels and production
solution formulas. Thus, a description of gas particles trajectories obtained in case
of, generally speaking, not invariant thermal motion, i.e. at much more general
gas flow pattern.

The results obtained in this paper may be used in the analysis of the thermal
motion of a gas in strongly rarefied space.

[1] Yu.A. Chirkunov, S. V. Habirov, Elements of symmetry analysis of differential
equtions of continuum mechanics. Novosibirsk, NSTU, 659, 2012.
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Pacnpenenienue nostocoB perieHuii ypaBuenus IlenneBe-4 c
OEeCKOHEYHBIM YNCJIOM II0JIFOCOB

ITTenkonoros A.A.
YenlV, Henssounck, Poccust
e-mail: alexey91-91@ya.ru

B pabore uccienayercsa HenmnHeitHoe jauddepeHnaabioe ypaBHEeHIE BTOPOro
nopsika [lennese-4:
o W) 3, 2 2 s
u' = —— 4 -u’ +dru” + 2(x° — a)u + —. (1)
2u 2 2u
Panee Ob1/10 1cCII€1I0BAHO TIOBEICHNE TIOJIFOCOB pallioOHaIbLHBIX pernennii [leriene-
4. Tenepb OCYIIECTBJIEH IIPee/IbHbIN [Iepexo/l K PelleHnsaM ¢ OeCKOHEIHBIM YNC-
JIOM 1I0JIFOCOB. JLjIst 9TOT0 OBLI MCIIOJIBL30BAH METOJ, CKeilJIMHIoBOro 1pejea. Ta-
KM 00pa3oM pelerne ypaBHeHus [lenieBe-4 cBOAUTCSA K HEKOTOPOIL SJIINIITHIE-
ckoit pyukmum 7 (1), SBIAIONIEHCsT pellieHneM yPaBHEHNUST:

(r')? = r* + dtor® + 2(t5 — 4)r* + Crr, (2)

rie to u C' - KoHCTaHTHI. B nrore mosioca penieHuii B peie/IbHOM CIydae COBIIa-
naror ¢ rosocamu 7(t). YTobbl OIpeie/uTh pacpeieieHue moIocoB 1 (t), 9L
Trdeckas GpyHKIU OblIa MpuBe/ieHa K HopMaJbHoil hopme Beiteprirpacca.

[1] T. Beiirmen, A. Dppeitn, Buicwue mparcuendenmuvie @ymuryuu. Tom 3,
Mocksa, 1967

2] I.P. Urc, A.A. Kanaes, B.FO. Hosokmienos, A.C. @okac, Tpancyerndernmo
Iennese. Memood sadawu Pumana, Mocksa, Nxkesck, 2005
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