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ON THE QUESTION OF THE OPTIMIZATION OF PERMUTATIONS IN
THE PROBLEM WITH DYNAMIC CONSTRAINTS

We consider the discrete Schrédinger operator on a perturbed by the decreasing potential graph
with vertices at the two intersecting lines. We investigate spectral properties of this operator and
the scattering problem for the above operator in the case of a small potential and also in the case
when both a potential and velocity of a quantum particle are small. Asymptotic formulas for the
probabilities of the particle propagation in all possible directions are obtained. In addition, we
investigate the spectral properties of the discrete Schrodinger operator for the infinite band with
zero boundary conditions. The scattering pattern is described. Simple formulas for transmission
and reflection coefficients near boundary points of the subbands (this corresponds to small velocities
of quantum particles) for small potentials are obtained.
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Introduction

We consider a differential inclusion
i€ F(flo,r), oeX, xzeR" (0.1)

where F(o, ) is a compact set in R™ and X is a compact metric space. System (0.1) generates
the topological flow . .. as it was noted by N. N. Krasovskii [1, Chapter 3|. The works [2—4,6-9|
are . ..

§ 1. Notations and definitions

Let R™ be an n-dimensional Euclidean space and .............
Consider the system

i(t) = /0 dA(t,s)z(t +5), t€R = (—00,00). (1.1)

'

We identify system (1.1) with ...............

y(t):/ dB(t, s)y(t+5), t€R = (—00,00). (12)

0
Remark 1. We note that system y(t) = / y(t+s)dB(t,s)is ....

§ 2. Invariants sets
Definition 1 (see [5], [7, p.110]). We say that Xq is regular if ...
Lemma 1 (see [10, p.123]). Let X be the .............

Proof Weshow that .... see section 1 ..... O
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Fig 1. Motion generated by solution of equation (1.1)

§ 3. \-Reducibility theorem

Theorem 1 (about triangulation). If SP is completely reqular then:
a) there exists a system B and Lyapunov transformation x = L(t)y such that .. .;
b) in the set {B} of all systems kinematically similar to the system (A,SP) there ezists a

system y = C(t)y such that . ..

§ 4. Proof of theorem 1

1. We fix some basis in the space .............

2. Take a continuous function ...... -

3. We construct the function ¢ — B(t) so that ........
Then we have

~

Y(t,0)| <oV ZH)| =...=a|Z1t)] < avT ||U|lrrs, (4.1)

.. Thus, the formula is true. Q.E.D. U
Theorem 2. Let X be Banach space. Then ...

Lemma 2. Suppose that.......

Proposition 1. Let .......

Corollary 1. For any continuous map ... there exist a .....
Hypothesis 1. Theorem 2 is true.

Definition 2. A group is called abelian if

Remark 2. Note that ....

Example 1. Consider the set of all points ... such that ....
Assumption 1. Suppose the function () is periodic.

Condition 1. The function f(x) is nonnegative .....

Funding. The study of the first author was funded by the Ministry of Science and
Higher Education of the Russian Federation in the framework of the basic part, project
no. 1.1234.2017/8.9. The study of the second author was funded by RFBR, project number

18-01-01234.



P.S. Ivanov, Yu. V. Petrov 3

10.

REFERENCES

Kalman R., Falb P., Arbib M. Topics in mathematical system theory, New York: McGraw-Hill,
1969.

Stokes A. A Floquet theory for functional differential equations, Proc. Natl. Acad. Sci. USA,
1962, vol. 48, no. 8, pp. 1330-1334. https://doi.org/10.1073/pnas.48.8.1330

Biittiker M., Imry Y., Landauer R., Pinhas S. Generalizet many-channel conductance formula
with application to small rings, Physical Review B, 1985, vol. 31, issue 10, pp. 6207-6215.
https://doi.org/10.1103/PhysRevB.31.6207

Miroshnichenko A.E., Kivshar Y.S. Engineering Fano resonances in discrete arrays, Physical
Review E, 2005, vol. 72, issue 5, 056611, 7 p. https://doi.org/10.1103/PhysRevE.72.056611
Bell M.G. Compact ccc non-separable spaces of small weight, Topology Proceedings, 1980, vol. 5,
pp. 11-25. http://topo.math.auburn.edu/tp/reprints/v05 /tp05002s.pdf

Ptitsyna N., Shipman S.P. A lattice model for resonance in open periodic wavequides, 2010,
arXiv: 1101.0170v1 [math-ph|. https://arxiv.org/abs/1101.0170v1

Brockett R. On the control of Liouville equations, Differential Equation and Topology: Ab-
stracts of International Conference Dedicated to the Centennial Anniversary of Lev Semenovich
Pontryagin, Lomonosov Moscow State University, Moscow, 2008, p. 7.

Danilov L.I. On almost periodic selections of multivalued maps, Vestnik Udmurtskogo Univer-
siteta. Matematika. Mekhanika. Komp yuternye Nauki, 2008, issue 2, pp. 34-41 (in Russian).
https://doi.org/10.20537/vm080213

Filippova T.F. Problems of viability for differential inclusions, Dr. Sci. (Phys.—Math.) Disserta-
tion, Yekaterinburg, 1992, 266 p. (In Russian).

Popova S.N. Control over asymptotic invariants of linear systems, Abstract of Dr. Sci. (Phys.—
Math.) Dissertation, Yekaterinburg, 2004, 34 p. (In Russian).

Received 01.02.2020

Ivanov Petr Sidorovich, Doctor of Physics and Mathematics, Professor, Department of Differential
Equations, Udmurt State University, ul. Universitetskaya, 1, Izhevsk, 426034, Russia.
E-mail: psiQusu.mat.com

Petrov Yurii Vladimirovich, Candidate of Physics and Mathematics, Senior Researcher, Depart-
ment of Dynamical Systems, Institute of Mathematics and Mechanics, Ural Branch of the Russian
Academy of Sciences, ul. S. Kovalevskoi, 16, Yekaterinburg, 620219, Russia.

E-mail: petrov@list.ru

Citation: P.S. Ivanov, Yu.V. Petrov. On the question of the optimization of permutations in the
problem with dynamic constraints, Vestnik Udmurtskogo Universiteta. Matematika. Mekhanika.
Komp yuternye Nauki, 2020, vol. 30, issue 1, pp. 1-5.



BECTHUK VYIMYPTCKOI'O YHUBEPCUTETA. MATEMATUKA. MEXAHUKA. KOMIIbBIOTEPHBIE HAYKU

MATEMATUKA 2020. T. 30. Bom. 1. C. 1-5.

II. C. Usanos, I0. B. Ilempos

K Bompocy o mapuipyTu3anuu liepeMenieHnii B 3aja4de ¢ JUHAMAYECKIMI OrPaHUYeHU-
AMU

Karouesvie caosa: JIMHERHBIE CUCTEMBI C TOCJIEIEHCTBIHEM, IPUBOJAUMOCTD, MOKasarTean JIsmyHoBa,
JISITYHOBCKYE WHBAPUAHTHI.

YK 517.977
DOLI: 10.35634/vmXXXXXX

PaccmarpuBaercs nuckperusiit oneparop IlIpénunrepa na rpade ¢ Bepiunamu Ha IBYX IE€peCeKaio-
IUXCS TPSIMBIX, BO3MYIIEHHBIN yObIBAIOIUM MOTeHIMAIOM. VceeayoTes: clieKTpajbHbIe CBOMCTBA
sroro omeparopa. Vccienyercs 3ajada paccesHus s JAHHOIO OIIEPATOPa B CJlydae MaJjioro IIo-
TEeHIAJIa, & TaKyKe B Cjaydae, KOIJa MaJibl KaK MMOTEHINAJl, TaK M CKOPOCTb KBAHTOBOI YaCTHIIHI.
TTosyaensr acumnroTrdeckue OPMYJIBI I BEPOSITHOCTEH PaCIPOCTPAHEHUsT YACTHUIIBI BO BCEX BO3-
MOXKHBIX HaIpaBjeHusaxX. KpoMme Toro, nccieyioTcs CieKTpabHble CBOMCTBA JUCKPETHOIO OIIEPATO-
pa IIpémuarepa 1jist 6eCKOHETHOM TIOJIOCHI ¢ HYJIEBBIMUA TPAHUIHBIME ycjioBusiMu. OnucaHa KapTHHA
paccesaust. [lomydenbr mpocTbie (GOPMYIIBI JJIsi BEPOSTHOCTEN ITPOXOXKJIEHUS W OTPaKeHWsT BOJU3H
IPAHUYHBIX TOYEK IOJ30H (3TO OTBEYAET MAaJIbIM CKOPOCTSIM KBAHTOBON YACTHIIBI) B CJyUYae MAaJIbIX
IOTEHIINAJIOB.

dunancupoBaHue. VceeoBannsi IEPBOro ABTOPA BBIIOJHEHBI 1TpU (DUHAHCOBOI mojIep2KKe Mu-
HUCTEPCTBa HAyKM U BhIciiero oopazosanus PP B pamkax 6a30B0il yacTu roc3aianus B chepe HayKH,
npoekt Ne1.1234.2017/8.9. VcciieioBanust BTOporo aBTopa BBIIOJHEHbI IIPH (PUHAHCOBOI TOJJIEPIKKE
PODOU B pamrax mayanoro mpoexkta 18-01-01234.
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