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Junnomuast pabota conepxut: 42 cTpaHuiibl, 8 WILTIOCTpauuid (pUCyHKOB), 4
npuiioxkeHus, 1 Tabnuity, 8 UCHOIB30BAHHBIX JTUTEPATYPHBIX UCTOYHHUKOB.

Kirouessle cioa: [IOJIMHOMBI YEBBIIIIEBA, MATPULIA TUODEPEHIINPO-
BAHUS YEBBIIIEBA, CITEKTPAJIBHBIN METO/I.

Obvexmom UccleoOBaHus SABISIOTCS AU QepeHnaibHble ypaBHEHUS, OMTUCHI-
BAaIOIIME TUHAMHUKY Ja3€pOB.

L]envro TUIIIOMHOM pabOTHI ABJISAETCS MOCTPOCHHE U U3yueHue 3hPeKkTUBHOCTH
CIIEKTPaJIbHOTO METO/1a Ha OCHOBE MOJIMHOMOB YeObIeBa /sl YMCIECHHOTO aHaINn3a
HayaJbHO-KPaeBbIX AU(PepeHIInanbHbIX 3a/1a4, OMUCHIBAIOIINX JUHAMUKY Ja3€pOB C
YYETOM MPOAOIBHBIX TPOCTPAHCTBEHHBIX 3(PPEKTOB.

3adauu, pemieHre KOTOPhIX MOTPEOOBATIOCH ISl 1OCTHKEHUS IOCTABICHHOM 1ie-

T

1. mocTpoeHue MoIyAUCKPETHON MOJIENN Ja3€pHBIX YPaBHEHUI Ha OCHOBE MarT-
pUILBl CHIEKTpalibHOTO au(depeHupoBanus YeoObleBa, MO3BONSIIONIEH Me-
pPEUTH OT pacCMOTPEHMSI CUCTEMBI YPABHEHUI B YACTHBIX MPOU3BOJIHBIX K 3a-
nave Ko 115t cuicteMbl 0OBIKHOBEHHBIX TH(P G epeHIMaNIbHBIX YPAaBHEHHM

2. mporpaMMHas peajuszalus pa3pabOoTaHHOTO METO/a C MCIOJIb30BAaHUEM Me-
tona Pynre-KyrTel miis pemenns cuctemsl OZ1Y.

3. cpaBHeHHE 3(G(HEKTUBHOCTH MOCTPOSCHHOTO CHEKTPATBHOTO U TPATUIIMOHHO
UCIIOJIBb3YEMOTO ISl TAHHOTO Kjlacca 3aJad PasHOCTHOIO Ha MPUMEPE MO-
NEJIBHOM 3a1a4y, 11 KOTOPOM U3BECTHO TOUYHOE AHAJTMTUYECKOE pEIICHHUE.

B numnioMHo# paboTe MoaydeHbl CAEAYIONIUE pe3yibmanoi.
1) mocTpoeHa cnekTpasibHast Mozesb UeObllieBa A YUCICHHOTO PEIICHHS HaYalb-
HO-KpPaeBOM 3a71a4l, ONIMCHIBAIOIIEH JUHAMHUKY JIa3€POB
2) pa3paboTaH aJrOpUTM pealM3aliK CIIEKTPAIbHON MOJIETH C UCTIOIb30BAaHUEM Me-
tona Pynre-KyTTsl yeTBepToro nopsiaka TO4HOCTH
3) Ha mpuMepe MOJETBHOM 337]a4u OKa3aHo, YTO pa3padOTaHHbIN CIIEKTPAIbHBIN
METOJl CYUIECTBEHHO MNPEBOCXOAUT MO 3(P(HEKTUBHOCTH KOHEYHO-PA3HOCTHBIN Me-
TOJ.

Hoeu3na pe3ynpTaToB COCTOUT B TOM, YTO JUJISl PEIEHUS HAYaJIbHO-KPAaeBbIX
3a/1a4, ONMMUCHIBAIOIINX JUHAMUKY JIA3€POB, 81epEble IPUMEHEH CIIEKTPAIBHBIN METO
Ha OCHOBE MOJMHOMOB YeOblleBa 1 MOKa3aHbl €ro MPEMMYIIECTBa IO CPABHEHHUIO C
TPAaJIULHOHHO UCIIOIb3YEMBIM B IAHHOM KJIACCE 33/1a4 METOJIOM KOHEUYHBIX Pa3HO-
CTEH.

JlunioMHas paboTta CoIep KUT TEOPETUUECKYIO U MPaKTUUeCcKyto yacTu. Ee pe-
3yABTaThl MOTYT OBITh UCIIOJIB30BAHBI ISl pa3pa0O0TKH CHEIMATU3UPOBAHHOIO MIPO-
IrPaMMHOTO 00€ecreueHsl, OPUEHTUPOBAHHOTO Ha MOJIEIMPOBAHKE 3JIEMEHTOB OITO-



ANEKTPOHHBIX YCTPOUCTB JJIs COBPEMEHHBIX CUCTEM ONTHYECKUX TEIICKOMMYHUKAIIAN
Y JTA3€PHOM TEXHHUKH.

ObocHosannocms 1 00CmMO8epHOCHb TIOTYUYEHHBIX PE3YJbTaTOB MOATBEPKACHA
TECTHPOBAHUEM Pa3pabOTaHHBIX aJITOPUTMOB M MMPOTPAMM C UCIIOJIB30BAHHEM MO-
JEIBHOM 33/1a49M, U1 KOTOPOM U3BECTHO TOYHOE AHAIUTUYECKOE PEIICHUE.

JlunioMHas paboTa BBIIIOJHEHA ABTOPOM CAMOCHOSIMENbHO.



Research paper contains 42 pages, 8 pictures, 1 tables, 8 sources, 4 applica-
tions.

Keywords: CHEBYSHEV POLYNOMIALS, CHEBYSHEV DIFFERENTIATION
MATRIX, SPECTRAL METHOD.

The Object is the differential equations describing lasers dynamics.

The Aim is to construct and investigate the efficiency of the spectral method
based on Chebyshev polynomials for the numerical analysis of the initial-boundary
value problems for differential equations describing dynamics of lasers taking into
account the longitudinal spatial effects.

Tasks required to achieve the goal are:

1. construction of a semi discrete models of the laser equations based on the the
Chebyshev differentiation matrix, which allows to transfer from considera-
tion of the system of partial differential equations to the Cauchy problem for
a system of ordinary differential equations

2. implementation of the developed algorithms using Runge-Kutta method to
solve the ODE system.

3. comparison of the efficiency of the spectral method and traditionally used fi-
nite difference method for a model problem for which an exact analytical so-
lution is known.

The following results are obtained:
1) for numerical solving boundary-value problems describing dynamics of lasers the
Chebyshev spectral model is constructed
2) the developed algorithms are implemented with Runge-Kutta fourth-order accu-
racy method for time-dependent part of the problem.
3) on an example of a model problem, it is shown that the developed spectral method
significantly outperforms the finite-difference method.

The novelty of the results is that, for solving the boundary value problems de-
scribing laser dynamics, the spectral method based on Chebyshev polynomials is ap-
plied in first time and its advantages in comparison with the method of finite differ-
ences traditionally used on this class of the problems are shown.

Theoretical and practical results are presented. The obtained results can be
used to develop software for simulations of optoelectronic devices for modern optical
telecommunication systems and laser technologies.

Validity and reliability of the results are confirmed by means of testing the de-
veloped algorithms and programs using a model problem for which the exact analyti-
cal solution are known.

The thesis is prepared by the author personally.



