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INOSICHUTEJIBHAS 3AITUCKA

Ienn u 3ana4n yue6Hoi AHCHHNIHALI

ean yuebuolt aucuunaMpbr — cosmanue 6a3bl IS OCBOEHHS OCHOBHBIX
COBPEMEHHBIX H/IEH M METOJOB YHCJIEHHOIO aHAIH3a AubdepeHIHaNbHBIX KpaeBhIX
3a/1a4 ¥ 3a11a4 MaTeMaTUYeCKOM (GU3UKH.

3apaun yyeGHol AHCUANIHHDL:

— O3HaKOMJICHHE MarHCTPaHTOB C OCHOBHBIMH KJIACCAMH YHCIIEHHEIX METO/IOB
Al pelieHus T depeHnanbHbIX 3ana4 (METOIbl KOHEYHbIX pasHOCTeH, METOMbI
KOHEIHBIX 3/IEMEHTOB, CIIEKTPAILHBIE METO/bI);

~_Pa3BUTHE HABBIKOB YHCIEHHOTO AaHAIM3a MEXaHMKO-MATeMATHYECKHX
MOJIeNIeH Ha OCHOBE KpaeBBIX 3a4a4 NS OGBIKHOBEHHEIX nubbepeHIHanbHbIX
YPaBHEHUH U ypaBHEHHUH C YaCTHBIMH IPOU3BOHBIMH; < - e

— Pa3BHTHE COCOOHOCTEH 3 dexTHBHOIM peanuzanuu aJrOPHTMOB YHCJIEHHOIO
aHanu3a quddepeHIHanbHBIX MoaeTel | BhIbOpa Hauboslee palMoHaTBHOrO MeTo/a
AJIA pEIICHUS KOHKPETHBIX MPHKJIAHBIX 3a/1ay.

Mecro yueGuoii aucumnammbl B crcreme IIOATOTOBKU CIELHANIACTA C
YriyGleHHBIM BICIIMM 06pa3oBaHueM (Maructpa).

Hucuunnmna «Matrix and Numerical Analysisy sBIsiercs IUCHMMIMHOMN
KOMIIOHEHTA y4YpEeKAEHUS BBICHIETO O6GPA30BAHHS M BXOZHT B COCTAB MOJTyJIst
«Numerical methods of modern mechanicsy.

YuebHas mnporpamma cocraBmena c YYETOM MEXIIPEAMETHBIX CBS3eil W
fiporpamMm no pucuumiauHaMm: «Mechanics of nonelastic and nonlinear solid body»,

«Continuum mechanics» u «Mechanics of advanced materialsy.

TpeGopanus k koMneTeHuusm

OcBoenne yuebHoM aucummmuusr «Matrix and Numerical Analysis» gomkso
obecrnieunts GpopmupoBanue CIENyIOIIeH CHeuHaJH3HPOBAHHON KOMIEeTeHIIHHN:

SC-5. Develop and apply analytical, approximate and numerical methods and
applications packages to special sections of continuum mechanics.

B pesynsrate wusyuenms mucumnmmmbr «Matrix and Numerical Analysis»
MarucCTpaHT JOJIKEH: '

3HaTh:

— OCHOBHBI€ ITOAXO/IBI K aNIIPOKCUMALMH T GepeHIIMaTBHBIX 3a/1a4 Ha OCHOBE
CHEKTPANBHBIX M KOHEYHOPA3HOCTHBIX METOJOB, @ TAKKE METONOB KOHEYHBIX
3JIEMEHTOB;

— CHOCOOBI  TIOCTPOEHHMS  YHCJIEHHBIX arOPUTMOB  ONTHUMAJIBHOM
BBIYUCITUTENIEHON CIIOKHOCTH,

YMeThb:

— PCAIM30BBIBAaTh YHCICHHBIE aNrOpuTMBl B cpeae Matlab UCHONb3Ys
CTaHIapTHbIe ()YHKUMM MaTPHYHBIX OMepalui, obecrieynBaroIie BEKTOPH3ALIUIO
aJrOpUTMa;

— OLCHUBATh KOPPEKTHOCTh PE3YJIbTATOB YHCIIEHHOTO PEIIEHHS 3a1a9H;

BJIaJIeTh:

— METOaMH 3(()EKTHBHOTO MPOrPAMMHPOBAHHSA B cpene Matlab;
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— MeTogaMHu BH3yallU3alliu peLIeHuH 3a7a4.

CrpykTypa yuebnoli ancunninmn:

Aucuunnyuaa usywaercs Bo 2 cemectpe. Bcero Ha wu3
AUCUMIUTHHEI «Matrix and Numerical Analysis» oTBeneHO:

— B 04HO# hopme NMomydenns yriy6aeHHOro BEICIIEro obpa3zopaHust: 108 yacos,
B TOM 4yHcne 52 ayJUTOPHBIX Yaca, U3 HUX: JIeKu
Jaca.

Y4eHHe y4yeOHOMU

u — 18 4acos, naGoparopHsie — 34

Tpynoemkocts yue6roi AHUCLHUILIAHBL COCTABIISET 3 3a4eTHbIE €IHHHIBL.
Dopma TIPOMEXYTOYHOM aTTecTal|y 1o y4e6Ho AUCLHIUTHHE — 3K3aMeH.



COIAEPXKXAHME YYEBHOI'O MATEPHAIJIA
Theme 1. Features of discretization of differential problems

Fourier series and Discrete Fourjer transform. Properties of the discrete Fourier
transform. Nyquist-Shannon sampling theorem. Algorithm for the fast discrete Fourier
transform.

Theme 2. Discrete Fourier transform in applications to boundary value problems

Continuous and discrete Fourier transform. Function differentiation using Fourier
transform. Solution for multidimensional Poisson equation for a rectangular field using
fast discrete Fourier transform, * i i

Theme 3. Finite difference methods for partial differential equations

Finite difference for Laplace operator and its properties. Spectrum for
eigenvalues. Concept of spectral consistency. Finite difference method for the Dirichlet
problem in a rectangular field.

Theme 4. Spectral methods based on Chebyshev
spectral differentiation matrix

Concept of a spectral differentiation matrix. Properties of the Chebyshev
polynomials. Spectral for the Dirichlet problem in a rectangular field. Exponential
convergence for spectral methods.

Theme 5. Numerical analysis for a differential boundary value problems
using finite element method

Concept of a finite element. Weak formulation of the boundary value problem.
Galerkin method. Similarities and differences between finite difference method and
finite element method.

Theme 6. Numerical methods for non-stationary partial differential
equations
Finite difference schemes for the non-stationary heat equation. Stability,
conservatism and monotony.

Theme 7. Solutions for multidimensional problems. Method of variable
directions and splitting method
Variable directions scheme for the two dimensional heat equation. Concept of
economical numerical methods. Iterative variable directions method. Splitting methods
analysis based on matrix exponent.



Theme 8. Solutions of non
Linear and non-linear the equation o
linear Schrodinger equation.

-linear partial differential equations
ftransfer. Fractional step method for the non-

Theme 9. Multigrid iterative methods for a large system

of grid equations

Condition number of a matrix. Convergence process and time of convergence of
iterative methods for systems of linear algebraic equations. Implicit iterative methods.

Spectrally optimal preconditioner. Computational qualities and scheme for a simplest
multigrid method.
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HH‘I’OPMAHHOHHO-METOI[H‘-IECKAH YACTbH

Ilepeuens ocHoBHOI JHTEepaTypbI

1. ®agnees, J. K. Beruucnurensusre METOIbI JINHEHHOH anre6psl : y4eOHuK /
. K. ®annees, B. H. ®anneesa. — Uap, 4-e, cTep. — Camcr-l'[e'repﬁypr ; Mockaa ;
Kpacropnap : Jlaus, 2024, — 734 ¢. — URL: https://e.lanbook.com/book/210368.

2. Jlemunosud, B. I1. Yucnennsie METOZBI ananusa. Ilpubmmxenne ¢yHximii,
R depeHuManbHEe U MHTCIpallbHBIE  ypaBHEHHs : yyebHOe mocobue |/
B. I1. lemunouy, U. A. Mapon, 3. 3. Illysanosa ; mox pen. b. I1. JlemunoBuya. —
Usp. 5-e, crep. — Cankr-Tletep6ypr ; Mocksa ; Kpacnonap : Jlaus, 2024. — 400 ¢c. —
URL: https://e.lanbook.com/book/210437.

3. CnabHos, B. M. Yucnennsie metosr : y4e6Huk s Byszos] / B. JI. CnabHoB. -
Uzn. 3-e, crep. - Cankr-Tlerep6ypr ; Mocksa ; Kpacnopnap : Jlaus, 2024. - 389 ¢. —
URL: https://e.lanbook.com/book/359849.

4. Bonkos, E. A. Yncnenusie MeTozs! : yyebHOoe nocobue [mns By30B] / E. A.
Bounkos. - U3z, 7-¢, crep. - Cankr-TTetep6ypr ; Mocksa : Kpacnonap : Jlans, 2022. -
248 c. - URL: https:/e.lanbook.com/book/254663.

Ilepevens aonoanuTenbLHOM JIATEpaTyphbI

I. Meirovitch L. Computational methods in structural dynamics. — Sijthoff and
Noordhoff, 1980. — 439 p.

2. Ghaboussi J., Wu X.S. Numerical methods in computational mechanics. — CRC
Press, 2017.-313 p.

3. Moaveni S. Finite Element Analysis. Theory and application with ANSYS. —
Prentice Hall, NJ,1999. —

4. Chang K -H. Product Design Modeling using CAD/CAE, Academic Press, 2014.

- 438 p.



Iepeyenn pekomenayembix CPEACTB AHATHOCTHKH
H METOAHKa (JOPMHPOBAHHSA HTOrOBOH OTMETKH

O6bexkToM amarsocTHKH KOMIETEHILM! MAarkCTpaHTOB SBISAIOTCS 3HAHHS,
YMCHHA, IONyYeHHblE MMH B pe3yibTare M3YYEHHUs Y4eOHOH JUCLMIIMHBL
BrisiBnienue y4yebHbIX nocTmkeHuit MaruCTpaHTOB OCYIIECTBISETCH C MOMOLIBIO
MEPOTIPUATHH TEKyIIEero KOHTPOJIS U MPOMEXXYTOYHOM aTTECTaLHH.

Jmarnoctrka pesynsraton Y4ebHO# nesTenbHOCTH O AucLUMHEE «Matrix and
Numerical Analysis» TPOBOIATCS, KaK MPaBHUIIO, BO BPEMS ayIUTOPHBIX 3aHSTHiA. st
JAHarHOCTHKH HCIIONB3YIOTCS:

- BOIIPOCEI /ISl CAaMOTIPOBEPKH;

= YCTHEIH onpoc;

- OTHEThI 10 abopaTopHeIM paboTam; -

- PelIeHue 3a/1ay.

Ouenka 3a otBeTsI Ha NekIusIX (o1poc) 1 1aGOPaTOPHBIX 3aHATHAX BKIIOYAET B
cebsl MONTHOTY OTBeTa, HATHYHeE apryMEeHTOB, IPUMEPOB U3 PAKTHKH.

Kontponsusie MEPONPUATHS TNPOBOIATCS B COOTBETCTBHH C y4e6Ho-
METOIUYECKOM KapTOM AUCIIMIIIUHEL

Hna  marucrpantos, TIPOMYCTHBLIMX ~ KOHTPOJIBHBIE ~MEPONPHATHS M
TONyMBIINX HEYNOBIETBOPUTENLHYIO OTMETKY, peIIeHHe O MOBTOPHOM IPOBEICHHUH
KOHTPOJIBHOTO MEpONPHUATHS BBIHOCHTCS B COOTBETCTBHH C [Tonoxenunem o
PEHTHHIOBOH CHCTEME OLEHKH 3HAHMIA obyyaromuxcs Mo yyeGHONW AMCHMILUIMHE B
benopycckom rocynapersennom YHHBEpCHTETE.

‘ Dopmoit IPOMeKyTOUHOM aTTecTamuH Mo aucuuIuiuHe «Matrix and Numerical
Analysisy» y4e6HBIM mianoM NIPELYCMOTPEH IK3aMeH.

IIpu popmuposanuy urorosoii ormerky HCIIOJIB3YETCS PEHTUHIOBas CHCTeMa
OLCHKH 3HAaHWH MAarkcTpaHTa, NAMOMWas BO3MOKHOCTE NPOCNENIMTE U OLIEHHUTH
AWHAMHMKY @polecca IOCTHXKEHHS melneit oO0y4eHus. PelTuHroBas cucrema
[IPEyCMaTpUBaeT HCMONB30BaHHE BECOBBIX KO3 QHLMEHTOB B X0fle NpoBeAeHHs
KOHTPOJIEHBIX MEPONPHSTHH TEKYILei aTTeCTall|H.

IlpumepHEle BecoBkie KO3 (HUILMEHTSI, Onpenensiomme BKIaz TEKyILIeH
aTTECTALlMK B OTMETKY IIPH MPOXOXKACHHH MPOMEKYTOIHOH aTTeCTalluu:

DopMHpOBaHHE OTMETKH 3a TEKYIYIO aTTeCTALHIO:

—  OTBETHI Ha YCTHAIH onpoc — 10 %;

—  peuieHue 3ana4 — 20 %;

—  oT4er no nabopatopHoi pabote — 70 %.

Hrorosas ormerka mo mucuuminme PacCUMTBIBAETCS Ha OCHOBE OTMETKH
TEKYIIEH aTTecTali (pPeWTHHIrOBOM CHCTEME OLEHKM 3HaHUU) - 40% wu
SK3aMEHaIMOHHOM OTMeTKH - 60%.

i

Onucanne HHHOBALHOHHDBIX NOAXO00B H METOJ0B K NpenoJaBaHHI0
y4eOHOMH AHCHHNIHHBI
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Ilpu opranmsaumn o6pasosarensHoro mporecca UCTIONIB3YETCS MPaKTHKO-
OPHEHTHPOBAHHBIA MOAX0/, KOTOPBIH MPENONaraer:
— OCBOECHHE coziepkaHKe 06pa3oBaHKs Yepe3 pelleH s PaKTHYECKUX 3a/1a4;
— DpHOOpeTeHHe HABBIKOB 3((EKTHBHOrO BBINONHEHHS pa3sHbIX BHJIOB
Npo(ecCHOHANLHOMN NeATeNEHOCTH;
—  HCIONB30BaHHE  MpoUEAyp, CHOocO00B  OLEHHBaHHSA, (DUKCHPYIOLIUX
(opmupoBaH#e MpodecCHOHANTBHBIX KOMITETEHITHiA.

Mertoauueckue pexoMenaauuu no OpraHU3aLMH CAMOCTOATENbHOM paboTbi
o0y4aromuxcs

1. Camocrositennbnas paGora B npouecce paGoTsi ¢ JIHTepaTypoii.

IlpocMoTpuTe KOHCHEKT cpasy mocie 3aHsTHii- I[ToMeThTe Marepual
KOHCIIEKTa JIEKIMi, KOTOPBIH BEI3BIBAET 3aTPYAHEHHUS IS IOHAMAHMS.

ITonbrTaliTece HAWTH OTBETHI Ha 3aTPYAHUTEIBHBIE BOIIPOCHI, MCIOJIB3Ys
NpeAaraeMyro JIuTeparypy.

Ecnu camocTosTebHO He yanocs pa3o6paTses B marepuae, chopMyaupyiite
BOTIPOCEI ¥ 00paTUTeCh Ha 6/IiKallel IEKIMH 3a TOMOIIBIO K IIPETIOAaBaTelIo.

Kaxnyio wememo pekoMeHmyercs OTBOAMTH Bpems s [IOBTOPEHHUS
TIPOHJIEHHOTO MaTepHaJa, IPOBepsisi CBOH 3HAHMS, yMEHHS U HABBIKH 110 KOHTPOJIBHBIM
BOIIPOCAM.

2. CamocrosTesibHas paGoTa N0 COCTAB/IECHHIO KOHCIIEKTA.

1. Cobepure nutepatypy 1o TeMme. U3yuure TOT HCTOUHHUK, Ie OHA H3JI0OXKEHA
‘HauboJiee 10JIHO U Ha COBPEMEHHOM YPOBHE.

2. Ilo 3TOMy HCTOYHHKY COCTaBbTE MOAPOOHEIH IUIaH C yKa3aHHEM CTpaHHII
KHHUTH, OTHOCALIMXCS K ONpeJeIeHHOMY MyHKTY IUIaHa.

3. Msyuure apyrue ucrounuku. Eciu B HHX BCTpeyaeTcs MaTepHas Mo yxke
HUMEIOLIEMYCS ITyHKTY IUIaHa, 3alMUIMTEe B IUIaHE W HOBBIM MCTOYHMK C yKa3aHHEM
cTpaHul. Ecnu ke B JApyroM HCTOYHHMKe MaTepHal pacKphlBaeT TeMy C Apyroi
CTOPOHBI, 106aBbTE ellle MYHKT IIaHa.

4. Ilpoananu3upoBaB BCIO JIUTEPATYPY, COGPAHHYIO MO TeMe, Bbl MOIYYHTE
OKOHYATeNbHBIA IJIaH, 10 KOTOPOMY MOXHO MHCaTh KOHCIEKT, OOBEAMHAA IO
[TyHKTaM MaTepual U3 pa3HbIX HCTOYHHUKOB.

5. OtpenakTHpyiiTe COCTaBIEHHBIH BaMH KOHCIEKT, BHUMATEIBHO MIPOYTHTE
€ro M nojymauTe: - yJOBIETBOpSET M Bac ero OOMMH MUIaH; - XOpOWIO JH
BOCIIDHHMMAETCS CMBIC/IOBas, JIOTUYECKasi CBA3b MEXAY OTHENbHBIMH 3JIEMEHTAMHU
COZIepXKaHHUs; - yAAa4HO JIM UCIIOJIb30BaHbl LIMTATHI, IPABUIIBHO JIH YCTAHOBJIEHA CBA3b
Mexly obopoTamMH pedd U (pazamu; - BEPHO JIM MOCTABIEHBI 3HAKH MPENHHAHUS B
LMTaTax.

3. loaroroBka K JiaGopaTOPHLIM 3aHATHIAM

Hasnayenuwe naGopaTOpHBIX 3aHATHM - yriyGieHue u  npopaboTka
TCOPETHYECKOIO Marepualia IpeaMeTa IIyTeM peryispHOH W IUIaHOMEpHOM
CaMOCTOATENbHOW  paboTBl  CTYAE€HTOB Ha MNpPOTSHKEHHH  BCEro  Kypca.
Henocpencteennoe nmposenenue 1a6opaTopHOTo 3aHATHSA MPENONAraeT: pelleHHe
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3ajla4 M yOpakHeHHWH 1o obpasly; NpoBeJeHWe aHalu3a pe3yJIbTaToB;
CHCTEMAaTH3alHIO MaTepyaia U MOAroTOBKa OTYeTa O IPOBEIEHHOM paboTe.

Hucmpyxyua.:

Wsyunre HOpPMaTHBHBIE HOKYMEHTHI, OOS3aTENbHYIO M JIOMOJHUTEIbHYIO
JTUTEPaTypy M0 paccCMaTpUBaeMOMY BOIIPOCY.

MIPOYTUTE KOHCIIEKT JIEKLHUHU 10 TEME.

BauMmarenbHO — M3ydMTe  MOPSAOK  BBIMOJHEHHS  WHAWBHIYalbHOM
NPaKTHYECKOH paboThl WIIH aITOPHUTM, IPeCTaBIEHHBIN [TPernojaBaTesieM.

4. IToaroroBka K 3K3aMeHy

BHuMaTensHO mNpoYMTaiiTe MaTepHal MO KOHCIEKTY, COCTABIEHHOMY Ha
y4eOHOM 3aHATHH.

IIpouunTaiiTe TOT e MaTepual no y4eOHUKY, yueOGHOMY mocobuio.

ITocrapaiitece pa3obpaTbCsi € HENOHATHBIMH, B YaCTHOCTH HOBBIMH
TepMHHaMH. YacTo He3HaHWEe TEPMHHOJIOTMH MeIaeT CTyAEeHTaM BOCIPHHUMATH
MaTepHall Ha 3aHATHAX Ha I0JDKHOM ypOBHE.

OtBeTpTe Ha KOHTPOJIBHBIE BOMPOCHI Mjisi CAMOIPOBEPKH, HWMEIOLIHECS B
yuyeOHHKe.

Kpatko mnepeckaxute cojaepkaHHe HW3YYEHHOrO MaTepuaia «CBOMMH
CIIOBaMM».

3ayunTte «paboyme onpeneneHus» OCHOBHEIX MOHATHM, 3aKOHOB.

OcBouB TeopeTHYecKH# MaTepHal, NpecTynaiTe K BHITIOJHEHHIO 3aJaHUH,
yNpaXHEHHH; PELICHHUIO 3a/la4, paCYETOB 10 HHAUBHIYaIbHBIM 3a/laHUAM U T.[.

IIpumepHbIi NepeYeHb BONPOCOB K K3aMeHy

Fourier series and discrete Fourier transform.

Properties of the discrete Fourier transform.

Algorithm for the fast discrete Fourier transform.

Function differentiation using Fourier transform.

Solution for multidimensional Poisson equation for a rectangular field using fast

discrete Fourier transform.

Finite difference for Laplace operator and its properties.

Spectrum for eigenvalues of the Laplace operator. Concept of spectral consistency.

Finite difference method for the Dirichlet problem in a rectangular field.

Concept of a spectral differentiation matrix. Spectral method for the Dirichlet

problem in a rectangular field.

10.Exponential convergence for the spectral method.

11.Concept of a finite element (weak formulation for boundary value problem,
Galerkin method).

12.Finite difference schemes for the non-stationary heat equation. Stability conditions.

13.Conservatism and monotony for a finite difference schemes.

14.Variable directions scheme for the two dimensional heat equation.

15.Concept of economical numerical methods. Iterative variable directions method.

16.Splitting methods analysis based on matrix exponent.

b B WK -

0 0 o
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17.Fractional step method for the non-linear Schrédinger equation.
18.Condition number of a matrix. Convergence process and time of convergence of

iterative methods for systems of linear algebraic equations.
19.Implicit iterative methods.

20.Spectrally optimal preconditioner.
21.Computational qualities and scheme for a simplest multigrid method.
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ITPOTOKOJI COI'/TACOBAHHMS YYEBHOM INPOT'PAMMBI YBO

HaszBauue Ha3zBauue IIpennoxenus o6 Pemenue,
AUCUMILIMHEL, ¢ | Kadeapsl U3MEHEHHSX B NPUHATOE
KOTOPOi# cojepxaHuu yuebHoi | kadeapow,
Tpebyercs [IpOrpaMMEI 110 pa3paboTrasiuei
COTrJIacOBaHUE M3y4aeMoi y4ebHoi yue6HyI0
JUCLIUILIHHE IporpaMmy (c
yKa3zaHHEM JaHEI
U HOMepa
IPOTOKOJIa
He tpeGyercs
3aBenyromuii kaeapoii TeOpeTHYECKOH
NPUKIaTHON MEXaHUKH
I-p ¢u3.-MaT. HayK, e
npodeccop ' M.A. XypaBKkoB

2

14




AOINOJIHEHUSA U H3MEHEHHS K Y‘IEBHOI? IMPOI'PAMME
MO U3YYAEMOH YYEBHOU JUCLUITIJIMHE
Ha / yueOHbIH roa

NoNe JlononHeHus U U3MEeHEHHUS OcHoBaHue

Yuebnas nporpaMma repecMoTpeHa 1 o06peHa Ha 3aceJaHuM Kadeaphl

(mpoToxoa No oT 202_r.)
(na3BaHue Kadeaps)
3aBenyrommuii kadeapoi
(y4eHas creneHs, y4eHOe 3BaHHE) (N.0.®amunusn)
YTBEPXJIAIO
Hexan dakynsrera
(y4eHas cTeneHs, yueHOE 3BaHHE) (HU.0.®amunus)
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