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JI. A. SInosu4’, M. B. UrnaTeHnko?

Huemumym mamemamuxu Hayuonanvhoti akademuu nayx beaapycu, Munck, Berapyco
2Benopycckuil 2ocydapemeaennuiil ynusepcumem, Munck, benapyco

K TEOPUU UHTEPIIOJIMPOBAHUS SPMUTA - BUPKI'O®A
HEJIMHEWHBIX OFBIKHOBEHHBIX JIU®®EPEHIIMAJIBHBIX OITEPATOPOB

JlaHHasi cTaThs MOCBSINECHA 33jade IIOCTPOCHMS M HCCICHAOBAHMS OOOOMIEHHBIX WHTEPIOSINOHHBIX (opMys DpMH-
Ta — bupkroda 115 oneparopos, 3aJlaHHBIX HA (YHKIMOHAIBHEIX MPOCTpaHCTBaX. [locTpoeHne onepaTOpHBIX HHTEPIIOIS-
IUOHHBIX (OPMYI OCHOBAHO Ha MHTEPIOISAIUOHHBIX MOJTUHOMAX OIS CKAISPHBIX (QYHKIIMH OTHOCHTENIBHO MPOU3BOILHON
4eObIIIeBCKOI cucTeMbl. [IpuBeneHHbIe GOpMyITB comepxkat nuTerpasl CTuitbeca u aAuddeperunaisb [aTo nHTepHonupy-
€MOT0 OllepaTopa U SIBJISIOTCS WHBAPUAHTHBIMH JUISl OIIEPATOPHBIX MHOT'OYJICHOB CIIEIMANILHOTO Kiacca. [lomydeHo sBHOE
MIpeJCTaBICHUE MOTPEIIHOCTH ONEepPaTOPHOTO MHTEPIOIHPOBAHUS 00OOMIEHHBIMH MHOTOWICHaMU DpMuTa — bupkroda.
Ha ocHOBe 0000MIEHHBIX HHTEPIOIALUOHHBIX (popMmyr DpmuTa — bupkroda mocTpoeHbs! HHTEPIOISIITHOHHBIE MHOTOUJICHBI
U1 OOBIKHOBEHHBIX TH((GEepEeHIHAIbHBIX ONEPATOPOB IMPOU3BOIBHOIO IOPS/IKA, 3aJaHHBIX B IPOCTPAHCTBE HENPEPHIBHO
muddepenupyemMbix GyHKIui. PaccMOTpeHbl Tak)ke HEKOTOpbIe YacTHBIE ciaydan (Gopmyn Dpmuta — Bupkroga taxoro
BHJIA ISl Pa3IMYHBIX YEOBIIIEBCKUX CUCTEM CKaJsIpHBIX (QyHKIuH. [lodydeHHbBIe pe3ynbsTaThl MOTYT OBITH MCIIOIH30BAHEI
B TEOPETHUECKUX HCCIEJOBAHMIX KaK OCHOBA MOCTPOCHHUS MPUOIIKEHHBIX METOAOB PEIICHHUS HEKOTOPHIX HEITHHEITHBIX
OIePaTOPHBIX yPaBHEHNH, BCTPEYAIOLINXCS B HETMHEWHON TUHAMUKE, MAaTeMaTHIeCKON (pu3nKe.

Kmioueevie cnosa: onepaTopHbIi MHOTOYICH, OMEPATOPHOC MHTEPIOIUPOBAHHE, 00OOIICHHOE HWHTEPIOINPOBAHUE THUIIA
Opwmura — bupkroda, muddepennnansuenii oneparop, muddepeniuan ['ato, uarerpan CTHITHECA, TTOTPEITHOCT HHTEPHOISIIAN

L. A. Yanovich', M. V. Ignatenko?

Institute of Mathematics of the National Academy of Sciences of Belarus, Minsk, Belarus
’Belarusian State University, Minsk, Belarus

TO THE THEORY OF HERMITE — BIRKHOFF INTERPOLATION
OF NONLINEAR ORDINARY DIFFERENTIAL OPERATORS

This article is devoted to the problem of construction and research of generalized interpolation formulas of Hermite —
Birkhoff type for operators given on the function spaces. The construction of operator interpolation formulas is based on in-
terpolation polynomials for scalar functions with respect to the arbitrary Chebyshev system of functions. The given formulas
contain the Stieltjes integrals and the Gateaux differentials of an interpolated operator and are invariant for the special-class
operator polynomials. An explicit representation of the error of the generalized Hermite — Birkhoff operator interpolation
is obtained. On the basis of the generalized interpolation Hermite — Birkhoff formulas the interpolation polynomials for ordi-
nary differential operators of arbitrary order given in the space of continuously differentiable functions are constructed. Some
special cases of the Hermite — Birkhoff formulas of this type for various Chebyshev systems of scalar functions are also con-
sidered. The obtained results can be used in theoretical research as a basis for constructing approximate methods of solving
some nonlinear operator equations that occur in nonlinear dynamics, mathematical physics.

Keywords: operator polynomial, operator interpolation, generalized Hermite — Birkhoff-type interpolation, differential
operator, differential of Gateaux, integral of Stieltjes, interpolation error
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OOJHOPOAHASA KPAEBAS 3ATAYHA PUMAHA C MEPOMOP®HBIMU
KO3 ®®UITUEHTAMU JIJI1 BECKOHEYHO CBSI3HBIX OBJIACTEM

B uccnenoBanusix 3G(HeKTHBHBIX CBOWCTB ABYMEPHBIX KOMIIO3UIHOHHBIX MaTepHaoB HanboJiee H3YYCHHBIM SBIJISCTCS
ciaydail MaTepUajoB ¢ MIEPHOAHYECKON MUKPOCTPYKTYPOU. DTO CBA3aHO C BOZMOXKHOCTBIO MPEICTABICHHS PEIICHUH COOT-
BETCTBYIOIINX KPAeBbIX 3a/la4 yepe3 3HaUCHUsI HEKOTOPBIX 3JUIMNTHYCCKUX QyHKIMHA. B nanHoit pabore paccmaTpuBaeTcs
OJTHOpOIHAS KpaeBas 3a1ada PuMana s GECKOHEUHO CBSI3HBIX oOnacteil 1 MepoMophHBIX K03ddunnenTos. B 3amknyTOM
(dopMe naeTcs peleHue 3aJ]a4M B KIacce KYCOYHO-aHATUTUYECKUX (yHKIIMH, IOMYCKAIOIUX MEPOMOP(HOE MPOIoIKEHHE
Ha BCIO KOMIUIEKCHYO INIOCKOCTh. Kak 4acTHBIN cily4ail penaeTcs BOIPOC CyILECTBOBAaHU S ¥ €INHCTBEHHOCTH JABOSKOIIEPHO-
JMUYCCKUX PEUICHUH 3aJa4H ¢ JUIUNITHYSCKUM Kodhduiuentom. [IpuBoauTCsS mpuUMep 3a1adu, UMEIOIICH eIHHCTBEHHOE,
C TOYHOCTBIO 10 IPOU3BOJIBHOIO YHUCIOBOI'0 MHOXKHUTEIIS!, PELICHHUE, U IIPUMEp 3aJa4H, PEIICHHE KOTOPOil 3aBUCHUT OT ITPOH3-
BOJIBHBIX HE3aBHCUMBIX IapaMeTpoB. [loiydeHHbIe pe3yabTaThl MOTYT CIIYXHUTh 0a30M JUIS HCCIICOBAaHUs Clydasi, KOTaa
K03(GUIMEHTHI 3a1a49H SBISIOTCS PA3IMIHBIMU JUUIS1 KaX/I0T0 U3 KOHTYPOB, a TAK)Ke IPU PEIICHHH HEOJXHOPOIHON 3a1adu
Pumana ¢ MmepomopdHEIMU K03 DUIIIEHTAMH ¥ CBOOOIHBIMU YWIEHAMH B OECKOHEUHO CBSI3HBIX 00JIaCTX.

Kurouesvie cnosa: xpaesas 3ajada Pumana, mepomopdHbii k03 dUIeHT, 66CKOHEUHO CBSI3HAS 00JacThb, MIIITHIITHYC-
ckne QyHKIUH
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HOMOGENEOUS RIEMANN BOUNDARY VALUE PROBLEM
WITH MEROMORPHIC COEFFICIENTS FOR INFINITELY CONNECTED DOMAINS

Homogeneous Riemann boundary value problem with meromorphic coefficients for infinitely connected domains is con-
sidered. In the closed form the problem is solved in the class of piece-wise analytic functions, possessing meromorphic
continuation to the whole complex plane. Special attention is paid to the existence of doubly periodic solutions to the problem
with elliptic coefficients. The example of the problem having a unique solution up to an arbitrary constant multiplier is pre-
sented, as well as of the problem with a solution depending on a number of arbitrary parameters. The obtained results can be
used for solving of an inhomogeneous Riemann boundary value problem with meromorphic coefficients in an infinitely
connected domain in the general statement.

Keywords: Riemann boundary value problem, meromorphic coefficient, infinitely connected domain, elliptic functions
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O IICEBJOJIUIIIUIIEBOCTA MHOKECTBA PEILIEHU I
ITAPAMETPUYECKHUX 3A1AY OIITUMU3ALIUN

HccnenoBanne CBOWCTB MHOXKECTBA PEIICHN I ITapaMeTPHUECKHX 3aJ1ad ONITUMHU3ALMH IIPEJICTABIIsIET COOO0It JO0CTaTOUHO
aKTyaJbHYI0 Ipo0ieMy. 3HAYUTEIbHBIC YCHIINS HAIIPABJICHBI, B YaCTHOCTH, HA IIOMCK YCJIOBHH Pa3JINYHBIX THIIOB 0000MIICH-
HOM JIMIIIIMIEBOCTH MHOXKECTBA PELICHWH, B YACTHOCTH YCJIOBHUH MX yCTOWYMBOCTH (calmness) W NCEBIOJINIIINIEBOCTH
(Aubin property) [1]. HoBbIif nHTepeCHBIH TOIX0/] K HCCIICIOBAHUIO yCTONIHBOCTH MHOXKECTBA PEIICHU peaioxkKeH B pabo-
te M. KanoBac u zp. [2] B ciyuae napaMeTpUUECKON 3a/aul JIMHEHHOro nporpaMMupoBanus u pacupocrpaner [l. Knarre
u b. Kymmepowm [3] Ha cymecTBeHHO Oosiee IIMPOKKUNA KPYyT 3a7a4d. B JaHHOM MOIX0/ie yCTOHYHBOCTh MHOYKECTBA PEHICHUN
CBSI3BIBAETCS C YCTOHUNBOCTHIO HEKOTOPOH aCCONMUPOBAHHON CHCTEMBI, IPEACTABIISIIONIECH OrpaHHYCHNE MHOXKECTBA YPOB-
HS IeeBOH (PyHKIIMU HAa MHOKECTBE AOIYCTHMBIX TOUYEK 3aJa4du. B HacTosImeH cTaThe mpe/iaraeTcsl pacIupuTh IPUMEHe-
HUe mozaxona [3] Ha McciefoBaHue MCEBIONUIIINIEBOCTH MHOXKECTBA PEHICHUIT; MPEACTaBIeHB HEKOTOPHIE JOCTATOUHBIE
YCIJIOBHS IICEB/IOJIMITIINIIEBOCTH MHOXKECTBA PELICHUI, a TaKkke 00001eHune ieMmbl Xodhdmana.

Knrouesvle cnosa: HenuHelHOe MPOrpaMMHUPOBAHUE, MHOXKECTBO PEIIEHUH, yCTOHUYHNBOCTD, ICEBIOIUIIINIIEBOCTD

L. I. Minchenko, D. E. Berezhnov
Belarusian State University of Informatics and Radioelectronics, Minsk, Belarus

PSEUDO-LIPSCHITZIAN CONTINUITY OF SOLUTION MAPPINGS
IN PARAMETRICAL OPTIMIZATION PROBLEMS

The study of the properties of solution mappings in parametrical optimization problems represents an urgent problem.
Particularly, considerable efforts are directed to finding the conditions of different types of generalized Lipschitzian continuity
of solution mappings, namely their calmness and pseudo-Lipschitzian continuity (also referred to as the Aubin property) [1].
A new interesting approach to investigating the calmness of solution mappings has recently been proposed by Canovas et al. [2]
for parametrical linear programming problems and applied to a much wider range of problems by Klatte and Kummer [3]. In this
approach, the calmness of solution mappings is related to the calmness of an associated system representing a constraint
on the level set of the objective function on the domain of the problem. In our note, we propose to expand the use
of the approach [3] for investigating the pseudo-Lipschitzian continuity of solution mappings. Several sufficient conditions
for the pseudo-Lipschitzian continuity of solution mappings, as well as the generalization of the Hoffman lemma are presented.

Keywords: nonlinear programming, solution mapping, calmness, pseudo-Lipschitzian continuity
A. M. Tanbmaxk', A. JI. Pycakos’
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O MOJIUA TUYECKOM OMEPAIIMY CITEIIUAJIBHOT'O BUJA

B crarbe mpogomkaeTces nsyueHue MONHaNIECKOH ONepalun 1, KOTopas 6bLia ONpesielcHa paHee Ha AeKapToBOH
crenenu A* n-apuoro rpynnouna < 4, n > ¢ IOMOIIIO TIOACTAHOBKK G € S, U n-apHOH onepanuu 1. YacTHEIM claydaem
NOIHANYECKOIi onepaluu M, SBIseTCs [-apHas onepanus [ ], ., KOTOPYIO OIMH U3 aBTOPOB ONPECIIHI s JIIOOBIX Le-
abIX k> 2, 1> 2 v m060i MOACTAHOBKU G MHOXeECTBA {1, ..., k} Ha k-il nekapToBO# crenenu A“ nonyrpymnmnst A. B cBoto oue-
peib, YaCTHBIMH Clly4asMu [-apHOi onmepauuu [ ], sBIsiioTCs ABe nonuaguyeckue onepaunn 3. [locta, 0HY U3 KOTOPBIX
OH OINpEeeNNI Ha AEKapTOBOH CTENEHH CMMMETPHYECKOH I'PYIIIbI, BTOPYIO — Ha JIEKAPTOBOW CTENEHH IOJHOW JIMHEHHON
IPYIIBI HAJ OJIEM KOMILIEKCHBIX Yncell. B cTarhbe nmpuBeeHbl HOBbIE pe3yIbTaThl 00 onepannu Ny o s B wactHOCTH, IOITY-
YEHO HOBOE JI0Ka3aTeJIbCTBO ACCOLMATHBHOCTH 3TOMU MOJINAHYECKON Onepaluu.

Knouesvle cnosa: monuaandeckast ornepanus, acCouuaTuBHOCTb, IIOACTAHOBKA, I'PYHIIIOU A, MMOJYTIpyIila
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POLYADIC OPERATION OF SPECIAL TYPE

In the article the authors continue to study the polyadic operation n__, that was earlier defined at the Cartesian power 4*
of the nth groupoid < 4, | > by the substitution of ¢ € S, and the nth operatlon n. The special case of the polyadic operation
N, ... is the /th operation [ ], _, that is defined by one of the authors for any integer £ > 2, / > 2 and for any substitution
of the o set {1, ..., k} at the Cartesmn power A* of the semigroup 4. In turn, the special case of the /th operation [ ], _, con-
sists of two polyadlc operations by E. Post, one of which he defined at the Cartesian power of the symmetric group'and the
second — at the Cartesian power of the general linear group over the field of complex numbers. The properties of the opera-
tions n__, are studied in the article. In particular, a new proof of the associativity of the polyadic operationn__, was obtained.

Keywords polyadic operation, associativity, substitution, groupoid, semi-group
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Benopycckuii cocyoapecmeennuiii ynusepcumem, Munck, berapyco

CTATUCTUYECKOE OTHECEHUE PEAJIM3AIIAI HECTAIIMOHA PHBIX
BPEMEHHBIX PAJ0B K 3AJAHHBIM TPEH/IOBBIM MOJEJISAM

HccnenyeTcs mpobieMa CTaTHCTUYECKOTO OTHECEHHs pean3aluii HeCTallMOHAPHBIX BPEMEHHBIX PSJIOB K 33JaHHBIM
TPEeHOBBIM MoeisiM. [IpeiaraeTcst HCIONIB30BaTh pelIaroniee MPaBUiIo B IIPOCTPAHCTBE KOA(P(UIIMEHTOB TPEHIOB, OIpe-
JIETICHHBIX B OJTHOM M TOM K€ OPTOTOHAJIbHOM Oa3zuce. B kauecTBe Mepbl 9h(heKTHBHOCTH IPHHUMAEMBIX PEIICHNH aHAINTH-
YECKH BBIYUCIICH PUCK (BEPOSTHOCTH ONIMOOYHO ONMPENeNINTh OIpKaimuil K peanusanuu Tpenn). Kax npumep paccMorpen
cllydaii IByX aJbTepHATHBHBIX TPEHIOB.

Kuouesvle cnosa: HecTallMOHAPHBIH BPEMEHHOH PsiJI, TPEHIOBAsI MOJIEIb, PEATH3AIIHsI, PEIIAIOIIee IIPABIIIO, PHCK

E. E. Zhuk
Belarusian State University, Minsk, Belarus

STATISTICAL ASSIGNMENT OF REALIZATIONS OF NON-STATIONARY TIME SERIES
TO THE FIXED TREND MODELS

The problem of statistical assignment of realizations of non-stationary time series to the fixed trend models is investigated.
The decision rule in a space of trend coefficients determined on the same orthogonal basis is proposed and its efficiency
is analytically studied. As an example the case of two alternative trends is studied.

Keywords: non-stationary time series, trend model, realization, decision rule, risk
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O CTABMJIM3AIIUU KOJIMYECTBA OPBUT
KOMEPOHOBCKHUX MATPHUIL BOJIBIIOI'O PAHTA

Hazosewm kBagpatHyto (0,1)-MaTpuiry mopsika 7, Cpeiu SJIEMEHTOB KOTOPOI POBHO 7 €IUHUIL, KIMEPOHOBCKOW MaTpH-

nei. PaccmatrpuBaroTcst OpOUTEI €CTECTBEHHOTO AEHCTBHS rpynmsl S, X S, (KBagpaT CHMMETPUIECKON I'PYIIIBI CTENCHH 1)
Ha MHOXXECTBE KIMEPOHOBCKHX MAaTPHII MOPSJIKA /1 (HE3aBHCUMOE JeHCTBHE HAa CTPOKAX M CTOJIONAX MaTpHII). YCTaHOBJIEHO,
9TO /ISt QUKCHPOBAHHOTO d < 11 AUCIIO0 TAKUX OPOUT AJIST MATPUI] PaHTa 11 — d TIOCTOSIHHO MPH 71 > 3d ¥ pacTeT C pOCTOM 711 TIpH
n < 3d. Jlnst kKax10i OpOUTHI yKa3aH ee MPeCTaBUTEIb B KBa3MKOPIaHOBOII (hopme.

Kutouesvie cnosa: buHapHast MaTpPHIA, KIACC IKBUBATEHTHOCTH, OPOHTA, IBYIONBHBIN rpad), KOMIIOHEHTA CBA3HOCTH
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ON THE STABILIZATION OF THE NUMBER OF ORBITS
OF HIGH-RANK CAMERON MATRICES

A quadratic (0,1)-matrix of degree n with just » units among its elements will be called a Cameron matrix. The orbits
of the natural action of the group S, xS, (the square of the symmetric group of degree n) on the set of Cameron matrices of

degree n (an independent action on the rows and the columns of matrices) are considered. It is proved that for fixed d < n,
the number of such orbits for matrices of rank n — d is constant for n > 3d and grows with the growth of n if n < 3d. For each
orbit, its representative in a quasi-Jordan form is indicated.

Keywords: binary matrix, equivalence class, orbit, bipartite graph, connected component
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HEPEJSITUBACTCKASI YACTHUIIA KOKCA C BHYTPEHHEH CTPYKTYPOMI
B QJIEKTPUYECKOM IIOJIE: AHAJIN3 B ITIPOCTPAHCTBE JIOBAYEBCKOI'O

O06001menHoe HepenITUBUCTCKOEe ypaBHeHue LlIpenunrepa ms ckansipHoii yacTunbl Kokca ¢ BHyTpeHHEH CTpyKTypoit Uc-
CJIZIOBAHO B MPUCYTCTBUH NEKTPUUECKOro 110J1st Ha (oHe npoctpancTsa Jlobauesckoro. [IpoBeseHo paszeneHue nepeMeHHBIX.
YpaBHeHNE, ONUCHIBAIONIEE BHKEHNE YaCTUIIBI BJIOJIb OCH Z OKa3bIBACTCsI CYIIECTBEHHO OOJiee CIIOXKHBIM, YeM IPH pacCMOTpe-
Hun yactunsl Kokea B mpoctpancTBe MuHKOBCKOro. OHO IPHBOANTCS K YPABHEHHIO C IBYMSI PETyJISIPHEIMU OCOOBIMHU TOYKAMH
1 OJTHOU HEpETYISAPHOM paHra 2, T. €. K KOH(II09HTHOMY ypaBHEeHUIO [ 0liHa. @H3n4ecKuM OECKOHEUHOCTSIM Z & 00 COOTBETCTBYIOT
COCEIHUE 0COOBIE TOYKH MOCTPOSHHOTO YpaBHEHUS. PeleHus HaliIeHbI B BUIe CTETIEHHBIX PSAI0B, CXOAUMOCTb KOTOPBIX HCCIIE0-
Bana MetozioM [lyankape — [Teppona. Psiyibl cxomsiTest Bo Beelt (pr3nueckoil 001acTi IepeMeHHOH z € (—o0,+00).

Kuwoueesvie cnosa: ypasuenue lllpenunrepa, cninn 0, BHYTpeHHss cTpyKTypa dactuibl Kokca, nmpoctpancTBo JloGa-
YEBCKOT0, MICKTPUIECKOE T10JIe, pa3JieJIeHNue IepeMEHHBIX, TOUHBIC PELIeHNUs, BRIPOXKICHHOE ypaBHeHNe [ oifHa
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COX NONRELATIVISTIC PARTICLE OF INTRINSIC STRUCTURE IN THE ELECTRIC FIELD:
ANALYSIS IN THE LOBACHEVSKY SPACE

The generalized Schrédinger equation for the Cox scalar particle is studied in the presence of the electric field on the back-
ground of the Lobachevsky space. Separation of variables is performed. The equation describing the motion along the z axis
turns out to be much more complicated than that for the Cox particle in the Minkowski space. It is reduced to the second-order
differential equation with two regular singularities and one irregular singularity of rank 2 that is identified as the confluent
Heun equation. The nearby singular points of the derived equation correspond to the physical domains z 4 c. The solutions
of the equation are constructed with the help of the power series. The series convergence is examined by the Poincare — Perrone
method. These series converge in the whole physical domain z € (—o0,+00).

Keywords: Schrédinger equation, spin zero, intrinsic structure of the Cox particle, Lobachevsky space, electric field,
separation of variables, exact solutions, confluent Heun equation
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CIHEKTPAJIBHO-BPEMEHHA S IUHAMHKA HECTAIIMOHAPHOI'O IIOTVIOLMEHU A
MHOTI'OCJIOMHBIX MEPHOANYECKHUX IIJIASMOHHBIX HAHOCTPYKTYP

W3ydeHsl 0COOCHHOCTH HAaBEACHHBIX U3MEHCHHH B CIIEKTPAX ONTHYECKOH IIOTHOCTH MHOTOCIOMHBIX HAHOCTPYKTYD
Ag-Na AlF, ipu nx B0o30y*kIeHHH (PEMTOCEKYH/THBIMH JIA3€PHBIMU HUMITYJIbCAMH B TOJIOCE MIA3MOHHOTO MOBEPXHOCTHOTO
pesonanca nornomieHust (I1TIPIT). 3apeructpupoBaHa 3aBUCUMOCTh aMILTUTY/IbI HABEACHHBIX U3MeHeHMH B oOnactu [1TTPIT
OT TOJIIMHBI TUONEKTprecKuX TeHoK Na, AlF , pasnensrommnx MOHOCTION HaHOYACTHI cepebpa. OGHAPYIKEHO CyNIeCTBEH-
HOE YBEIUYICHNE aMIITIUTY/Ibl ONTHYECKOro OTKIHKA (10 80 %) IJIst HAHOCTPYKTYPHI C Y€ TBEPTHBOTHOBBIMHU IMIPOCIOHKAMH
Na AlIF,. XapakTepucTH4ecKne BpEMEHA PENAKCALMKM HABOJAMMBIX U3MEHEHMH NpH dHEPTrusax Bo3Oyxaenus 5—10 mx/Jlx
JUISL HAHOCTPYKTYP € Pa3JMYHOM TOJNUIMHON IMONEKTpUIeCKUX mpocnoek Na,AlF, IpakTHYeCKH HE H3MEHAIOTCS, COCTAB-
JIAI0T ~2 TIC U COBMAJal0T C BPEMEHHBIMHU MapaMeTpaMu KHHETHYECKOTO OTKJIHUKA, XapaKTEPHBIMH JJIs1 HCIOIb3yEMOTO
MOHOCJIOSl HAHOYACTHI] Ag.

Kniouesvie cnoea: ynbTpakopOTKUE JTa3epPHbIC UMITYJIbChI, THHAMUKA 3JIEKTPOHHBIX BO30Y)KJICHHUH, IIIOTHOYIIaKOBaH-
HBIE HAHOCTPYKTYPBbI, TOBEPXHOCTHBII IIa3MOHHBIH PEe30HAHC
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SPECTRAL-TEMPORAL DYNAMICS OF TRANSIENT ABSORPTION
OF MULTILAYER PERIODIC PLASMONIC NANOSTRUCTURES

The features of the induced changes in the optical density spectra of multilayer Ag-Na AIF, nanostructures under
a femtosecond laser pulses exitation in the band of surface plasmonic resonance of absorption (SPRA) were studied. The de-
pendence of the amplitude of the induced changes on the thickness of the dielectric Na,AlF, films separating the monolayeres
of silver nanoparticles was registered. A significant increase of the optical response amplitude (up to 80 %) was found for
the nanostructures with the quarter-wavelength Na, AlF, interlayers. For nanostructures with different-thickness dielectric
Na, AlF, interlayers the characteristic relaxation times of induced changes at an excitation energy of 5-10 pJ do not practically
vary, are equal to ~2 ps and coincide with the kinetic response time parameters of the used silver nanoparticle monolayers.

Keywords: ultrashort laser pulses, dynamics of electronic excitations, densely packed nanostructures, surface plasmonic
absorption resonance.
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N3MEHEHHUE MOIIHOCTH CBETOBBIX ITYUYKOB PA3JINYHbBIX TUIIOB
P ITPOXOXKJIEHUU CJIOEB PACCEMBAIOIIEN CPEbI

JlazepHOE N3MyueHHE IUPOKO UCTIONB3YETCs JIJIsl ONTUYECKON TUAaTHOCTHKY Pa3INYHBIX paccenBaromux cpea. B moxa-
BIISIIOIIEM OOJIBIIMHCTBE CIy4aeB Ui 9THX LIeJeil PUMEHSIOTCA Ja3epHble MyYKH, UMEoIIne rayccoB mpoduib. B To xe
BPEMsI CBETOBBIE ITYUKH JPYyTUX TUIOB UMEIOT PsiJi 0COOCHHOCTEH, ¢ MOMOLIBIO KOTOPBIX MOKHO MOJYYUTh JAOMOIHUTEb-
HY!0 HHpOpMaLHIo 00 uccienyeMbIX 00beKkTax. B 1aHHOM KOHTEKCTE aKTyasIbHOIL ABJISETCA 3a/la4a BbISBICHUS IIPOHUKAIO-
meil clocoOHOCTU CBETOBBIX IYYKOB PAa3JIMYHBIX THIIOB B PACCEHBAIOILEH Cpe/ie C LENbI0 UX HOCICAYIOMEro IPUMEHEHH S
JUTSL Hepa3pyIIalonero KOHTPOJISl pa3INYHEIX 00BEKTOB, B TOM 4HciIe OnoTkaHel. B HacTosmmeit paboTe mpoBeneH cpaBHHU-
TENBHBIA aHaJN3 YeTHIPEX PAa3IMIHBIX KOHQUTYpANNil Ja3epPHBIX CBETOBEIX ITYIKOB: rayccoBa, Jarepp-rayccosa u deccele-
BEIX CBETOBBIX ITyYKOB HYJEBOTO W IIEPBOTO MOPSAKOB B OTHOIICHHN COXPAHEHHOW MMM MOIIHOCTH ITOCTE HMPOXOXKICHUS
ciosi paccenBatonieid cpenbl. s GopMupoBaHUS CBETOBBIX MyYKOB IMPUMEHSJICS TEIUI-HCOHOBBIHN J1a3ep, W3IyYaromuit
Ha JurHe BOJHBI 0,633 MKM, 1 MOAYJIbHAS ONTHYECKAs CXeMa, IO3BOJISIONIAs U3MEHATh MPOQIIb CBETOBOTO MyUYKa IMyTeM
BKJIIOYEHHSI/MCKIIIOUEHU S U3 CBETOBOTO TPAKTa COOTBETCTBYIOLIMX MOAYJIeH. B kauecTBe paccenBalommen cpebl HCIoIb30-
BAJHCh MJIOCKOMApANJeNbHbIE CIOU MOTYNPO3PauHON CHIMKOHOBOM PE3MHBI PAa3IMYHBIX TONMMH B Juana3oHe ot 0,17 1o
6,61 mm. Ilo pesynbraraM SKCIEPUMEHTAIBHBIX U3MEPEHHH MOCTPOEHBI allPOKCUMUPYIOIINE KPUBBIE IS 3aBUCHMOCTH
MOIIHOCTH MPOIIEIIINX Yepe3 CI0H paccenBaroliedl cpeabl CBETOBBIX MYyYKOB YETHIPEX THIIOB OT TOJILIMHBI CJIOS BHUJAA
I=exp (—Dx), rne D — nokazareins ociadieHus, / — cyMMapHasi MOITHOCTb ITy4Ka, X — TOJIIIHHA CJI0s. PaccunTaHbl 3HAUCHUS
ko3 ¢unmenTa D 1ist pa3HEIX THIIOB ITyYKOB. 3HaUeHHs D Maio (B ImpejiesiaXx CTaHAapTHON OMNOKY) OTIMYAIOTCS IS pas3-
HBIX THIIOB ITyYKOB, U3 Y€r0 CIEAYeT, YTO THII MyYKa B JAHHOW KOH(QUTYpAIIMH ONTHYECKOI CXEeMBI TPAKTHUSCKH HE BIHSET
Ha ero MPOHHUKAIONIIE CBOMCTBA M CYMMAapHYIO SHEPTHIO CBETA, IIPOIIE/IIET0 Yepe3 CI0H PacCenBalOIIeT0 MaTepraa.

Knrouegvle cnoga: TayccoB CBETOBOII IyYOK, JIarepp-rayccoB CBETOBOM My4OK, OecceneB CBETOBOH IMy4YOK HYJIEBOTO I10-
psiaxa, 6eccenes CBETOBOH ITydOK MEPBOTO MOPSIAKA, PACCEUBAIOIIAs CPEaa
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POWER CHANGES IN DIFFERENT-TYPE LIGHT BEAMS AFTER PASSING THROUGH
THE LAYERS OF DIFFERENT-THICKNESS SCATTERING MEDIUM

Laser radiation is extensively used for optical diagnostics of various scattering media. In most cases, laser beams having
a Gaussian profile are applied for this task. At the same time, other-type light beams have some features that can be used
to obtain additional information about investigated objects. In this context, a relevant task is to reveal the penetrability of dif-
ferent-type light beams in a scattering medium with their subsequent application for the nondestructive testing of various ob-
jects, including biological tissues. In this article, a comparative analysis is carried out for four different configurations of laser
light beams (Gaussian, Laguerre-Gaussian, and zero- and first-order Bessel light beams) in relation to the power stored by
them after passing through a scattering medium layer. To form the light beams we used helium-neon laser emitting at a wave-
length of 0.633 micrometers, and a modular optical system. This system makes it possible to change the light beam profile by
the inclusion / exclusion of the corresponding modules from the light path. As the scattering medium we used plane-parallel
layers of semi-transparent silastic with the thickness ranging from 0.17 to 6.61 mm. It is investigated experimentally how
the power of the light beam passing through the scattering medium layer depends on the layer thickness. According to
the obtained results, the approximating curves are plotted in the form / = exp (—Dx) where D is the attenuation coefficient,
I is the total power of the beam, x is the layer thickness. The values of the coefficient D for different-type beams are calcu-
lated. The D values for different-type beams scarcely differ (within the standard error) from each other. It means that
the beam type in the optical system configuration has almost no effect on the penetration properties of the light beam, and
on the total energy of the light passing through the scattering medium layer.

Keywords: Gaussian light beam, Laguerre-Gaussian light beam, zero-and first-order Bessel light beam, first-order Bessel
light beam, scattering media

A. S. Poljakov
United Institute of Informatics Problems of the National Academy of Sciences of Belarus, Minsk, Belarus

ERROR CORRECTION WHEN TRANSMITTING INFORMATION
BY A PARITY CHECK OF BINARY MATRIX COORDINATES

A method is offered for detecting and correcting the errors of information transmitted over communication channels
based on the use of well-known in the theory of communication "parity coordinate" of a binary matrix which is the content
of the message being transmitted. The parity is commonly used in two coordinates: rows and columns of the matrix. In con-
trast to the well-established practice of considering only two coordinates, it is proposed to do the error correction on the basis
of an extended set of coordinates of matrix elements, among which are rows, columns, as well as main and auxiliary diago-
nals. Troubleshooting is made by generating a set of possible addresses of erroneous elements and a subsequent analysis
of this set to avoid false addresses (non-existent) errors. This takes into account the four coordinates of binary matrix ele-
ments, which allows a low cost and fast detection of single, double, and group errors. The effectiveness of the method be-
comes higher with increase in the ratio "number of columns / rows number" of a binary matrix.

Keywords: binary matrix, diagonal, errors, error coordinates, coordinate parity, main diagonals of the matrix, auxiliary
diagonals of the matrix
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KOPPEKIIUS OIIUBOK ITPU NIEPEJAYE NTHO®OPMALIUU
O 3HAYEHUAM YETHOCTHU KOOPTUHAT BUHAPHOM MATPUIIBI

IIpennaraemerit cioco6 oGHapysKeHus M HCIIPABICHUS OIIMOOK B IepeaBaeMoil Mo KaHaaaM CBA3U HH(OPMAIUH OCHO-
BaH Ha UCIIOJIb30BAHUH XOPOIIO H3BECTHOTO B TEOPHH CBSI3M KPUTEPHS «ISTHOCTH KOOPIUHAT OMHAPHOI MaTpHIBI», KOTOpast
TpecTaBiIsieT coOOH cozepKaHue rnepenaaBaeMoro coodmenust. OOBIYHO MCIOIB3YETCsl YeTHOCTh MO JABYM KOOPJMHATAM:
CTPOKaM U CcToJI0IaM MaTpuilbl. B HacTosel paboTe, B OTIHYUE OT YCTOSBIIETOCS Ha MPAKTHKE y4eTa TOJIBKO JBYX KOOp-
JIMHAT, KOPPEKLHs OMKOOK IPOU3BOAUTCS HA OCHOBE PACHIMPEHHOIO MHOXKECTBA KOOPIMHAT 3JIEMEHTOB OMHAPHOW MaTpu-
1bI, K KOTOPBIM OTHOCSITCSI CTPOKH, CTOJIOLBI, TJIABHBIC M BCIIOMOTaTe/IbHbIC JHAarOHaIH MAaTPHIBL. [ToMCK OmMOOK BBIOIHS-
eTcs myTeM (OPMHPOBAHUS MHOKECTBA BEPOSATHBIX aJPECOB OLINOOYHBIX HJIEMEHTOB HAa OCHOBE CIICKOB HOMEPOB OIIH00Y-
HBIX KOOPJIMHAT U IOCJIEAYIOLIEro aHaJn3a 3TOr0 MHOKECTBA C LIEJIbI0 HCKIIIOUCHHUS aJ[PECOB JIOKHBIX (HECYLIECTBY IOIIHX)
omunOoK. ITpn 3TOM yUHTHIBAIOTCS BCE YEThIPE KOOPIAMHATHI ICMEHTOB OMHAPHOM MaTpPHIIbI, YTO MO3BOJSAET C HEOOJIBITUMHU
3arparaMi ObICTPO OOHApy)KHMBaTh OAMHOYHBIC, ABOITHBIC M I'PYNIOBbIC OMHUOKH. DPPEKTHUBHOCTH CIOCOOA MOBBILIACTCS
C yBEJIIMYEHUEM OTHOIICHHS KYHCIIO CTOJIOIOB / YHCIIO CTPOK» OMHAPHOW MATPHUIIBL.

Kniouesvie ciosa: GuHapHas MaTpua, 11aroHaiy, OMHOKH, KOOPAMHATEI OIIHOOK, YeTHOCTh KOOPAMHAT, IJIaBHbIC Ua-
TOHAJIM MaTpPHUIbI, BCIOMOTaTeJIbHbIC THAarOHAIN MaTPUIIBI
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ONTUMM3BALIUA BBIITYCKA KOMIIJIEKTOB U3JIEJWIA U UHTEHCUBHOCTEM
WX U3TOTOBJEHUS B YCJOBUSIX CTYUYAMHOI'O CITPOCA

PaCCManHBaeTCﬂ 3aJiadya OITUMH3alMuHU Ha psAJIC BDEMCHHBIX UHTEPBAJIOB IPOTrPpaMMbI BbIITYCKa HpOI/ISBOILCTBeHHOﬁ JIn-
HUEW KOMIUIEKTOB U3/IeTINi HECKOJIbKMX HAUMEHOBAaHUIl 1 HHTEHCHBHOCTEH NX M3rOoTOBICHUS. JINHUS COCTOUT U3 psjia Jiu-
HEHHO YTOPSIOYCHHBIX paboyux No3uIui 0e3 OydepoB. 3aroToBKM W3 BXOAHOH IOCIIEIOBATEIBHOCTH, COCTOSILEH
W3 [IUKIINYECKH MOBTOPSIONINXCS HICHTUYHBIX IOIIOCIIEI0BATSIIEHOCTEH (KOMIUIEKTOB), 00pabaThIBaIOTCS OCIIEI0BATEIb-
HO OJIHA 3a JPYTOH Ha Kax ol pabodell MO3UIIMY INHUH B TOPSIAKE UX PACIIONOKEHUS, U B KX Il MOMEHT BpEMEHH Ha Ka-
XK I0H mo3unuu o6pabaTeIBaeTCsl TOIBKO OJHA 3aroToBKa. PaboTa IMHUK COCTOUT U3 TaKTOB OXHOBPEMEHHOH 00paboTKH
Ha BCEX MO3UIUAX BCEX PACIIONOKEHHBIX Ha HUX 3aTOTOBOK COOTBETCTBYIOIINMH ITO3UIUSAM U 3arOTOBKaM HabOpaMu HHCT-
pymenToB. CocTaB KOMIIIEKTA HE H3MEHSETCSI OT HHTepBala K HHTepBally. Jlnamna3oHsl BO3MOXKHBIX BETHYUH CIIPOCa Ha Kax-
J0e U3Jenue KOMIUIEKTa U paclpeelIeHne BEPOSTHOCTEH CIIpoca B 9TUX AMANAa30HAX CUUTAIOTCS U3BECTHBIMU JIJISI KAXKI0TO
BPEMEHHOT0 HHTepBasa. B kauecTBe 1eneBoil PyHKITMH UCTIONB3YeTCsI CyMMa IIPOU3BOJACTBEHHBIX 3aTPaT, 3aTPaT HA XpaHe-
HHE HEBOCTPEOOBAHHBIX M3JCIHUH 1/MiIK WTPadoB 3a HEYJOBJICTBOPEHHBIH CIIPOC Ha HUX. IIPOM3BOACTBEHHBIC 3aTPaThl 3aBU-
CSAT OT MPHUHUMAEMOI MHTEHCHBHOCTU 00pabOTKM M BO3PACTAIOT C YyBEIHUYEHHEM KOJIMUYECTBA KOMILIEKTOB, BBITYCKAEMBIX
B TEKYIIIeM HHTEpBaJe. 3aTpaThl Ha XpaHEHHE HEBOCTPEOOBAaHHbBIX 3/ENINI Ka)K0r0 HAMMEHOBAHM S, a Takoke Tpadsl 3a HEJ0-
IIOCTABJIEHHbIC 3aKa3uMKaM H37eI1s He yOBIBAIOT ¢ POCTOM YHMClIa TaKuX u3nenuil. [IpensoskeH AByXypOBHEBBINH AEKOMIIO3ULIU-
OHHBII METOJI pelIeH s 33/1a41, OCHOBAHHBIH Ha U/IeSIX MHOTOIIIATOBOH ONTHMU3ALIUH.

Kniouesvle cnro6a: KOMIUIGKT U3AENNH, pa3Mep HapTUH, HHTEHCUBHOCTb 00pabOTKH, CIIyyalHbIH CIIPOC, MUHUMHU3ALHS
3arpar, AeKOMIIO3UIIHOHHBII METOJT
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OPTIMIZING THE OUTPUT OF PRODUCT BATCHES AND INTENSITY
OF THEIR MANUFACTURE UNDER RANDOM DEMAND

The problem of optimizing the output of multi-product batch and the intensities of its items manufacture in the production
line over a number of time intervals is considered. The line has a linearly ordered multiple positions without buffers.
Workpieces of the input sequence composed of cyclically repeated identical subsequences (batches) are processed
consecutively one by one in each working position in the order of their location in the line. Only a single workpiece is disposed
in each position at each time point. The operation of the line consists of takts of simultaneous processing of all workpieces
located in respective positions by the sets of tools corresponding to workpieces and positions. The composition of a batch does
not vary from interval to interval. The ranges of possible demand quantities for each product and the probability distribution
of the demand in these ranges are assumed known for each time interval. The sum of manufacturing cost, costs of storage
and/or penalties for unmet demand on products is used as objective function. Manufacturing cost depends on processing
intensities to be defined and increases with an increase in the number of batches produced in the current interval. Storage cost
of unclaimed product units as well as penalty for product units not supplied to the customer do not decrease with the increase
of number of such units. A two-level decomposition method for solving the problem based on the ideas of multi-step
optimization is proposed.

Keywords: batch of products, lot size, processing intensity, random demand, cost minimization, decomposition method



®. B. Uymaxkos!, C. . Bacuiaen?

!Benopycckuil 2ocyoapcmeennviil yrusepcumem, Munck, Berapyco
’Benopycckuil 2ocydapemeennuiil nedazocuyeckuil ynugepcumem um. Maxcuma Tanka, Munck, Beaapyce

O SIBHOM PEIIEHHUU OJHOI'O BUJA UHTETPAJIBHOI'O YPABHEHU S BOJIBTEPPA
HA CUMMETPUYHOM OTPE3KE C CYMMAPHO-PAZHOCTHBIM SA1POM

MHorue 3ajja4u TEOPUH M MPAKTUKU CBOASTCS K PEIICHUIO MHTETPAJIBHBIX YPaBHEHUH IEPBOTO POAA CO «CJIAOBIM»
SIIPOM, T. €. C SIAPOM, 0OpaIAOIUMCS B O€CKOHEYHOCTh HHTETPHUPYEMOTO MOPSIKA IIPU COBIAJCHHH apryMEHTOB. YCIeX
HCCIIEJIOBAaHMS TAKHX 3aJ[ad 9aCTO 3aBUCHUT OT PELIEHUs] COOTBETCTBYIOUIETr0 3ajade ypaBHEHHUS B SBHOU (hopme. B Hekoro-
PBIX CllydasiX yJIaeTcs MOJYyYUTh TaKOe pellieHUe. B 1aHHOM cTaThe paccMaTpHBaeTCs HA CHMMETPHYHOM OTPE3KE ypaBHe-
HHE MEPBOTO POJa C SIIPOM, MIPEACTABISIONIMM KBaAPAaTHBIH KOPEHb U3 IPOOHO-TMHEIHOW (QYHKINH. YUUTHIBAsS CHMMET-
pMIO 3aJlaHUsl yPABHEHHUS, YIACTCS CBECTH €ro K PaBHOCHUIIBHOI CHCTEME JIBYX YpaBHEHHil, Ka)K10€ U3 KOTOPBIX CBOAMTCS
K pemeHnro ypaBHeHus AGeins u ero 0000meHunii. Perenne BEIMTUCHIBASTCS B ABHOW (hOpME U IPUBOAATCS IPUMEPEL.

Kniouesvie cnosa: nuTErpanbHOe ypaBHEHHE TIEPBOr0 POjia, ypaBHeHUe THIa Bonbreppa, ApoOHO-THHeHHAsS QyHKIH,
sBHast (opMa peleHus ypaBHEHH S, KJ1acC PeIIeH U, CHMMETpHs, ypaBHeHHe Abens
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EXPLICIT SOLUTION OF ONE-TYPE INTEGRAL VOLTERRA EQUATION
ON THE SYMMETRIC INTERVAL WITH A SUM-DIFFERENCE KERNEL

Many problems in the theory and practice are reduced to solving the first-kind integral equations with a “weak” kernel,
i. e. the kernel goes to the infinity of integrable order when arguments are matching. The success of investigation of such
problems often depends on the solution of the explicit equation corresponding to the problem. In some cases, it is possible
to get such a solution. In our case, we consider the first-kind equation with a kernel, which represents the square root
of a fractional-linear function, on a symmetric interval. Given the equation symmetry, this equation can be reduced
to an equivalent two-equation system, each of which is reduced to the Abel equation solution and its generalizations.
The solution is written in explicit form. The examples are presented.

Keywords: first-kind integral equation, Volterra equation, fractional-linear function, explicit equation solution, solutions
class, symmetry, Abel equation





