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Marwuctepckas pabota comepxut: 58 ctpanuir, 21 uirocTparuio (PUCYHOK),
9 mpwtoskeHni, 14 MCIOIb30BaHHBIX JIUTEPATYPHBIX HCTOYHUKOB.

Kniouesvie cnosa: CIIEKTPAJIBHBIE METO/Ibl, MATEMATHUYECKOE
MOJIEJINMPOBAHUE, ITOJINHOMBbI YEBBIIIEBA, MATPUIIA
CIIEKTPAJIBHOI'O JANDODOEPEHIITMIPOBAHIM A YEBBIIIEBA,
ITPEOBPA3OBAHUE ®YPLE, KOHCEPBATHMBHOCTbH, METO/I HBIOTOHA.

Obvexkm uccredoganus — KpaeBble 3aJaud IS JTUHEHHBIX U HEIUHEHHBIX
CUCTEM OOBIKHOBEHHBIX TU(DPEepeHIIMAIbHBIX YPaBHEHUH.

Llenv pabomer — paszpaborath 3(G(HEKTUBHBIN CIEKTPATbHBIA METOJ IS
peleHusl KpaeBbIX 3aJad BCTPEUHOTO B3aUMOJCUCTBHUS ONTHUYECKMX BOJH B
JIMHEMHBIX U HEJIMHENHBIX Cpefax

3aoauu 1 OCTUXKEHUS MOCTABICHHOM 1EIH:

v\ IOCTPOEHHE JUCKPETHBIX MOJENEH KpaeBbIX 3aJad Ha OCHOBE
CHEKTpaIbHOTO MeTo1a Yeoniiena,

v’ paspaborka 5(QQEKTUBHBIX HTEPAIMOHHBIX METOIOB pPean3aliu
MOCTPOEHHBIX HEJIMHEHHBIX AUCKPETHBIX MOJIETIEH,

v' cpaBHenue >pQPEKTUBHOCTH Pa3pabOTAHHBIX YHCIEHHBIX METOIOB C
W3BECTHBIMHM TMOJXOJaMU Ha MpUMEpax peHICHUS TUIUYHBIX KPaeBbIX 3aj]lay
BCTPEYHOTO B3aUMOJECHUCTBHUS BOJIH B JINHEMHBIX U HEJIMHEHWHBIX CpElax.

OcHognble pe3ynbmamat.

1)  pa3paboTaH TICEBIOCHEKTPAIBHBIA METOJI YHCJASHHOIO aHaJIn3a
HEJIMHEHWHBIX  JIByXTOUEUHBIX  KpPAEBbIX  3a7ay, BO3HUKAIOIIUX  MpPH
MaTE€MAaTUYECKOM MOJICIMPOBAHUM BCTPEYHOTO B3aWMOJICHCTBUS ONTHYECKUX
BOJIH,

2) A peanu3alii  HEJIMHEHWHBIX TICEBIOCIEKTPAIbHBIX  MOJEICH
npemIokKeHbl  d(PPEKTUBHBIE  HUTEPAlMOHHBIE  TPOLEAYPHl  HAa  OCHOBE
MOAU(PUITUPOBAHHOTO MeToaa HrroTona u IbTEPHATUBHOTO
TMICEBIOKOHCEPBATUBHOTO UTEPAIITMOHHOTO METO/1A.

3) Ha OCHOBE MOJCIBHBIX  3aJad  [OKa3aHbl  CYIIECCTBCHHBIC
MPEUMYIIECTBA TOCTPOCHHBIX YHCJICHHBIX QJITOPUTMOB 1O CPAaBHEHHIO CO
CTaHJApHBIMU METOJMKAMU C TOYKH 3PCHUS MHUHUMHU3AINHA BBIUYACITUTEIHHBIX
3aTpaT A JOCTHKEHUSI 3aJJaHHON TOYHOCTH.

Hosuszna  pe3ynbTaTOB  3aKiIO4YaeTcss B pa3pabOTKEe  OPUTHHAIBLHOMN
UTEPAIIMOHHON TPOIEAYPhl pean3allii TICEBIOCICKTPAIBHBIX HEIMHEHHBIX
MoOJeNiel il Kjacca KPaeBbIX 3a/lad BCTPEYHOTO B3aMMOICHCTBHUS ONTHUYECKHUX
BOJIH, KOTOpasi, B OTJIMYUE OT M3BECTHBIX METOJMK Ha OCHOBE MeTona HrioToHa,
MeHee TpeboBaTebHa K BHIOOPY HAaYaJIbHOTO MpUOIMKEeHHs perieHus. B pabote



TaK)K€ BIEpPBbIE MPEACTABIECH JOCTATOYHO TIOJHBIA CpPaBHUTEIBHBIA aHAU3
3¢(GEeKTUBHOCTH  CHEKTPAJIBHOTO  METoJa B  TEpPMHUHAX  TOYHOCTH U
BBIUHCIUTENBHBIX 3aTpar.

Pesynbratel  paboThl  HMMEIOT  MPEUMYIIECTBEHHO  MPAKTHUUYECKYIO
HANpPaBJIEHHOCTh M OPUEHTHPOBAHHBI Ha pa3paboTKy 3G EKTHBHBIX METOJOB
YHICIIEHHOTO aHallM3a Kjiacca 3a/iad, MMEIOIIEro MUPOKUNA CIIEKTP MPHUIOKEHUN B
chepe TPOEKTUPOBAHUS DIEMEHTOB CHCTEM ONTUYECKUX TEIEKOMMYHUKALUH,
Ja3epHON (U3MKE U ONTODIEKTPOHUKE. Pe3ympTaTsl pabOThl YaCTUYHO
ONMyOJMKOBAaHBl MU MOTYT OBITh MCIOJB30BaHbl MpPHU pPa3pabOTKe MPOTrPaMMHOIO
obecreyeHnss OTMEUEHHOT0 KJlacca 3a/1ady.

Obocnosannocms U 00CMOBEpHOCMb  TIOJYYEHHBIX  PE3YyJbTaTOB
MOJTBEPXKJECHA YHCIEHHBIMH JKCIEPUMEHTAMH, MOKA3bIBAIOUIUMH CXOIMMOCTh
pELICHUI AUCKPETHOW MOJIENH K PEMIEHUIO0 HCXOAHOU U PpepeHnumanbHoi 3a1aun
¥ CTPOTOMY BBITIOJTHEHHUIO TMCKPETHBIX aHAJIOTOB U3BECTHBIX MHBAPUAHTOB.

Marucrepckas paboTa BBIIIOJHEHA aBTOPOM CAMOCMOAMENLHO.



The master’s paper contains: 58 pages, 21 illustrations (pictures), 9
applications, 14 using literature sources.

Keywords: SPECTRAL METHODS, MATHEMATICAL MODELING,
CHEBYSHEV POLYNOMIALS, CHEBYSHEV SPECTRAL
DIFFERENTIATION MATRIX, FOURIER TRANSFORM, PERSISTENCE,
NEWTON METHOD.

Object of the research is the boundary value problems for linear and
nonlinear systems of ordinary differential equations.

The purpose of the research is to develop effective spectral methods for
solving boundary value problems of counterpropagating optical waves in linear
and nonlinear media.

The problems for the achievement of the goal are the following:

v' the construction of discrete models of the boundary value problems on
base of the Chebyshev spectral method,

v' development of effective iterative methods for realization of the
constructed nonlinear discrete models,

v' comparison of efficiency of the developed numeric methods with
another known approaches using for solving typical boundary value problems.

The main results are the following:

1)  pseudo-spectral method of the numerical analysis of nonlinear two-
point boundary value problems that arisen in the mathematical modeling of the
counterpropagating optical waves interaction is constructed;

2)  efficient iterative procedures on the base of modified Newton method
and alternative pseudo-conservative iterative method for realization of nonlinear
pseudo-spectral models are proposed;

3) by use of a model problem, significant advantages of constructed
numeric algorithms in comparison with standard methods are demonstrated from
the standpoint of computational costs minimization to achieve the specified
accuracy.

Novelty of the results consists in the development of the original iterative
procedure for realization of pseudo-spectral nonlinear models of the class of
boundary value problems for counterpropagating optical waves interaction, which
is less sensitive for choice of the initial guess in comparison with Newton type
methods. Complete comparative analysis of the efficiency of the spectral method
in terms of accuracy and computational costs is presented at the first time.

The results of the research have mainly an applied character and they are
designed for development of efficient methods for numerical analysis of the class



of problems that have a wide range of applications in design of edifices for optical
telecommunications systems, in the laser physics and optoelectronics. The results
of the research are published partially and reported on scientific conferences.

The validity and the reliability of the received results are confirmed by the
numerical experiments demonstrating convergence of the discrete model solution
to the solution of the initial differential problem and the strict fulfillment of the
discrete analogs of invariants.

The thesis is prepared by the author personally.



