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1. Mecto pucyuninHsbl B cTpyktype OITIOII

Muctymnvuaa 51.0.11 BeruucmrenbHbIe METOZBI OTHOCUTCS K 00s13aTeTbHOM YacTH 0Opa3oBaTe/TbHON

IIPOrpaMMBl.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

¢yHOameHmanbHble
3HAHUS1, NOAYYEHHbIe
8 obnacmu
mamemamuyecKkux u
(unu) ecmecmeeHHbIX
Hayk, u
ucno/b308amb ux 8
npogeccuoHanbHol
dessmeabHOCMU

obaacmu mamemamuueckux u
ecmecmeeHHbIX HayK, 6a30eble
meopuu u ucmopuu
OCHOBHO20, meopuu
KOMMYHUKayuu; 3Haem
OCHOBHYI0 MEPMUHO/A02UI0
OIIK-1.2: Ymeem
ocyujecmensimb nepeuyHbilil
cbop u aHanuz mamepuana,
UHMepnpemuposamb
pasnuyHble Mamemamuyeckue
06BeKmbl

OIIK-1.3: Umeem
npakmuueckuti onbim pabombi
C pewieHueM CMaHOapmHbIX
Mamemamuueckux 3a0ay u
npumeHsiem ezo 8
npogeccuoHanbHol
desimenbHOCMU

8bIHUC/NEHUl U ee COCMABHble
KOMNOHeHMbl; OCHOBHble
noHsimusi u ¢pakmbl U3 meopuu
npubaudiceHus pyHkyutl
(uHmepnonayus, 3nemeHm
Hauy4we20 npubaudceHusl;
MemoObl UUCAEHHO20
OugpepeHyuposaHus u
UHMezpuposaHus /
Determination of calculation
error and its components; basic
concepts and facts from the
theory of approximation of
functions (interpolation, best
approximation element;
numerical differentiation and
integration methods

Cnocobbl omdeneHust KopHeli u
MemoObl NpUBAUNHCEHHOO
peuwleHust HeAuHelHbIX ypasHeHull
C 0OHOU nepeMeHHOU; MemoObl
peuwleHust 3a0ay AuHelHoll
anzedpbl, ycaogust CXoouMocmu
UmepayuoHHbIX NPOYeccos;
OCHOBHble Memoobl
UHMe2pUpo8aHus
OdugpepeHyuanbHbix 3adau /
Methods of root separation and
methods for approximate
solution of nonlinear equations
with one variable; methods for
solving linear algebra problems,
conditions of convergence of
iterative processes; basic
methods of integration of

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA IPOMEXXyTOUHOH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
OIIK-1: CnocobeH OIIK-1.1: 3Haem OCHO8Hble OIIK-1.1: KoumponbHas
npumeHsmb Nno/noJiceHus U KoHyenyuu 8 OnpedeseHue noepewHoCmu paboma DK3aMeH:

KoumposnbHble
80NpOCh!




differential problems

OIIK-1.2:

YMETbH

Hcnoab3zosamsb 6azoeble 3HaHUA
8 chopmynuposaHuu 3adau
8blUUCAUMENLHOU MameMamuKu/
To use basic knowledge in the
formulation of computational
mathematics

OIIK-1.3:

BJIAZTETB

Basosbimu 3HaHUSMU
ecmecmeeHHbIX HayK,
mMamemamuxu u uH¢popmamuxu,
OCHOBHble (hakmbl, KOHYenyuu,
NpUHYUNbl meoputl, C83aHHbIX C
¢yHOameHmanbHou
uHpopmamukoli u
uH(popmayuoHHbIMU
mexHonoeusmu/ To possess basic
knowledge of natural Sciences,
mathematics and Informatics,
basic facts, concepts, principles
of theories related to
fundamental Informatics and
information technologies

OIIK-2: CnocobeH
npumeHsimb
KOoMnblomepHble/cyne
pKOMNbloOmepHble
Memoobl,
cospeMeHHOe
npoepammHoe
obecneuenue, 8

mom ducne
omeuecmeeHHO20
npoucxodicoeHust, 015
peweHus 3a0au
npogeccuoHanbHou
desimesibHOCMU

OIIK-2.1: 3Haem OCHO8Hble
Nos0JCceHuUs U KOHYenyuu 8
o61acmu npoepammupoBaHus,
apxumexkmypy s13bIK08
npo2pammupo8aHusi, meopuu
KOMMYHUKayuu, 3Haem
OCHOBHYI0 MepMUHO/02UIO,
3HAKOM C codepAcaHuem
EduHnozo Peecmpa Poccutickux
npoepamm

OIIK-2.2: Ymeem
aHaau3uposamb Munosbie
A3bIKU NPO2PAMMUPOBAHUSL,
cocmaensimb NPoO2pammbl
OIIK-2.3: Umeem
npakmuueckuli onbim pewieHus
3a0au aHaausa, uHmezpayuul
Pa3AuUUHbIX MUNO8
npoepammHo20 obecneueHus,
aHanu3a munos

KOMMYHUKayut

OIIK-2.1:

3HATH

CmaHdapmHble memoobl
pelleHUs 8bIUUCAUMENbHBIX
3a0au npogeccuoHabHoL
desimenbHocmu/ Standard
methods of solving
computational problems of
professional activity

Hoeble mamemamuueckue
nakembl 045 peweHust
sbluucaumenbHblx 3a0ay/ Know
new math packages for solving
computational problems

OIIK-2.2:

azpabambieams HO8ble Memoobl
pelleHUsl nocmaeseHHblx 3a0auy /
Develop new methods of solving
problems

AHanusuposamb nozpewiHocmu
sbtuucneHus / To analyze the
error of the calculations

KoumponbHas

paboma

OK3ameH:
KoumponbHble
80NpoCh!




Hccnedosamb cxodumocmb
nosyuaembix npubausiceHul K
MOUHOMY pewieHUIo
nocmaeneHHbix 3aday / To
investigate the convergence of
the obtained approximations to
the exact solution of the set tasks
Toabzosambcsa
coomgemcmayrowumu
mamemamuyeckumu
nakemamu; / To use the
appropriate mathematical
packages

OIIK-2.3:

Hasbikamu nocmpoeHus
an120pUMMO8 NO UCNOAb3yeMbIM
memodam / Skills of building
algorithms on the methods used
Pasnauunbimu memooamu
peueHUll 8bIYUCAUMeNbHbIX
3a0au ¢ npumeHeHuem
UHpOPMAYUOHHO-
KOMMYHUKAYUOHHBIX
mexHonoeuii / Various methods
of solving computational
problems using information and
communication technologies
IIpedcmasneHuem o npumeHeHuu
YHUBEPCANBbHbIX
mamemamuyeckux nakemos 0/s
8bINO/HEHUS NPOCMBbIX
8bluLCAUMebHbIX Onepayuil/ A
representation of the use of
universal mathematical
packages to perform simple
computational operations

3. CTpyKTypa M cojjep)XxaHue JUCL{UIL/IMHbI

3.1 TpyA0eMKOCTb AMCLUII/ITAHBI

oyHasi
O011as TPY/0EMKOCTD, 3.€. 3
Yacos 1o yue0HOMY IJIaHY 108

B TOM UuCJIe

ay/MTOPHBIE 3aHATHSA (KOHTAKTHast padora):

- 3aHATHA JIEKIJMOHHOI'0 THIIA 16

- 3aHATHUS CEMHHAPCKOI0 TUMNA (MpaKTHYeCcKue 3aHATHS / TabopaTopHbIe padoThbi) 32

- KCP




caMocTosTe/IbHasA padoTa 22
IIpome)xyTouHasi aTTecTamus 36
JK3aMeH

3.2. CozepxaHue JUCLUIIIMHbI

(cmpykmypuposaHHoe no memam (pasdenam) C yYKA3aHueM OmMEe0eHHO20 HA HUX Ko/auuecmed

aKkaoeMuuecKux uacos u 8uobl yueOHbIx 3aHsimuli)

HaunmeHoBaHue pa3/ie/ioB U TEM AUCLIUTUIAHEL Bcero B TOM YHCJIe
(wacen) KonTakTHast pabora (pabota Bo
B3aMMO/IEICTBUH C IIperofiaBaTesiem),
Yackl U3 HUX
3aHATHS CamocTosTe/bHas
CEeMHHApPCKOro pabora
3aHsTHA THUMa obyuatowerocs,
JIEKIIMOHHOTO | (TIpakTHYeckue | Bcero Hacel
THIa 3aHsATHsA/Tabopa
TOpPHBIE
PaboThI), Uacel

) 0 o) 0 )

o o) i) o) o

0 0 0 0 0
Beegenue. Introduction. 7 2 4 6 1
OcHoBbl Teopuu norperHocty. Fundamentals of the theory of error. 9 2 4 6 3
Crnoco0bl pellieHUs CUCTeM JIMHelHbIX ypaBHeHui. Methods of solving 9 ) 4 6 3
systems of linear equations.
OcHoBbl Teopuu npubmkennit. urepnonsus. Fundamentals of 9 ” 4 6 3
approximation theory. Interpolation
HesnHeliHble ypaBHeHUsI C OZHOH nepeMeHHOI. HaxoxeHre sKCTpeMyMa. 9 2 4 6 3
Nonlinear equations with one variable. Finding an extremum.
UncsieHHBIe MeTOBI JIHeiHOI anre6pel. Numerical methods of linear 9 ) 4 6 3
algebra.
YucneHHoe pereHye 3aaunt Koty ay1st 0ObIKHOBeHHbIX JuidepeHLnaIbHbIX
ypaeHenuii Numerical solution of the Cauchy problem for ordinary 9 2 4 6 3
differential equations
UncrieHHOe pellieHre KpaeBbIX 3aau Jy1sl fuddepeHManbHbBIX YPaBHEHNH B
YyacTHBIX npou3BoAHbIX Numerical solution of boundary value problems for 9 2 4 6 3
partial differential equations
ArtTtectauus 36
KCP 2 2
Wroro 108 16 32 50 22

Contents of sections and topics of the discipline

1. Beepenue. Introduction.

2. OcHoBebl Teopuu niorpeirHocTy. Fundamentals of the theory of error.

3. Crioco0Obl perieHust CUCTeM JIMHeHHBIX ypaBHeHUH. O1ieHKa «uncia maroB». Methods of solving systems of

linear equations. Evaluation of the "number of steps".

4. OcHoBBI Teopuu npubmmKennid. arepronsiiys. Fundamentals of approximation theory. Interpolation
5.HenvHeliHble ypaBHeHuUs ¢ 0HOM TiepeMeHHON. Haxoxaenue skcTpemyma. Nonlinear equations with one




variable. Finding an extremum.

6. UncieHHble MeTO/IbI JIMHeHOM anre6pbl. Numerical methods of linear algebra.

7. YucneHHoe pelieHue 3a7auu Ko ay1si 00bIKHOBeHHBIX AuGdepeHIanbHbIX ypaBHeHni Numerical solution
of the Cauchy problem for ordinary differential equations

8. UncneHHOe pellleHHe KpaeBbIX 3a7ay /151 AuddepeHIanbHBIX ypaBHEHHH B YaCTHBIX TTPOU3BOAHBIX
Numerical solution of boundary value problems for partial differential equations

4. YueOHO-MeToAMUYeCKOe ofecreyeHHe CaMOCTOSITe/TbHOW PadoThI 00yJarouXcsi

CamocrosiTenibHasi paboTa 00yuaroL[UXCsl BK/IIOUaeT B CeDOsi MOATOTOBKY K KOHTPOJIHBIM BOITPOCAM U
3a[jaHUsIM JIJIsl TeKYIero KOHTPOJIsi U TIPOMEXYTOUHOW aTTeCTallud 0 UTOraM OCBOEHMS JUCLIATIIUHEI
NpUBeJIeHHBbIM B I1. 5.

1. R. L. Burden, J. D. Faires. Numerical Analysis. Brooks Cole, 2000. — 895 p. . — Pexxum focTymna:
http://fac.ksu.edu.sa/sites/default/files/textbook-9th_edition.pdf

2. J. Stoer, R. Bulirsch. Introduction to numerical analysis. Springer-Verlag, 1993. — 672 p. . —
Pexxum poctyma:
http://www.math.uni.wroc.pl/~olech/metnum?2/Podreczniki/(eBook)%20Introduction%?20to
%20Numerical%20Analysis%20-%20J].Stoer,R.Bulirsch.pdf

3. W. H. Press, S. A. Teukolsky, W. T. Vetterling, B. P. Flannery. Numerical Recipes in C. The Art of
Scientific Computing. Cambridge University Press. 2002. — 949 p. . — Pexxum fjoctymna:
https://www?2.units.it/ipl/students_area/imm2/files/Numerical_Recipes.pdf

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Control work) to assess the development of the
competency OIIK-1:

3aganue 1. ITocTpoUTh MHTEPIIOSALMOHHBIE MOJMHOMBI Jlarpanka U HeroTOHa.
1 YD =-1L y(0) =1, y(1)=3, y(2) =11.
7. v(—1)=-2, y(0)=1, y(1)=4, v(2)=12.
3. y(—1)=-2, y(0) =1, y(1)=4, y(2) =19.

3azanue 2. Pemmte urcieHHO 3agauy Koiu asis auHeliHOro AuddepeHraIbHOTro
ypaBHEHUs1 BTOPOT0 MOPsiZika C TTOCTOSSHHBIMUA KO3 puijeHTaMu

1. u +5u +4u=0, u(0)=1, Il’».(':'] = -1
9 u +3u +2u=0, u(0)=1, u(0)=—1.
3. u +8u + 12u=0, u(0)=1, It.[ﬂ] = —2.

5.1.2 Model assignments (assessment tool - Control work) to assess the development of the
competency OIIK-2:



3ajanue 1. HaliTy ync/ieHHO onpe/ie/ieHHbIM UHTerpas 1o (opMyJie «/IeBbIX NPSMOYTO/IbHUKOB» U
¢opmyne CrumricoHa. CpaBHUTD M OL€HUTh MOTPELIHOCTH.

1 _I': sinx dx
5 _r;:“:&

3a,[[aHI/Ie 2. BeiBeCcTH 3aBUCHMMOCTD MnopAa/iKa UHTEPITIOJIALIUOHHOI'O TTOJIMHOMaA OT KOJIMYeCTBAd 3d/ldHHBIX
TOUeK

Assessment criteria (assessment tool — Control work)

Grade Assessment criteria

CTY/:[EHT TI0/IyUn/1 Beprlﬁ OTBeT BO BCeX 3aJldHUAX. HPI/I 3TOM CTYAEHT IMPOAEMOHCTPHUPOBAI

outstanding
3HaHUe JIOTIOJIHUTE/IBHOTO MaTepHuara.
excellent CTy[ieHT TIOTy4r/ BePHBIM OTBET BO BCEX 3aZlaHUSIX.
very good CTy[IeHT TIO/TyYu/T BEPHBIN OTBET B OOJIBIIIMHCTBE 3aZlaHuH.
good CryzeHT perus OOJBIIYIO YaCTh 3a/lau C He3HAYUTeTbHBIMU He/l0UeTaMH.

satisfactory CTy,ZLEHT penini 60HI:I_I_Iy1-O YacCTb 3a/d4 C CyILeCTBEHHBIMH HEAO0UETAMMU.

unsatisfactory CTygeHT gomyckaeT rpyOble OIMOKY B pellieHUH CTaHAapTHBIX 3a/au.

poor OTCy'TCTBI/Ie 3HAHUM MaTepua/id, OTCYyTCTBYeT CII0COOHOCTD penieHrnda CTaHAdPTHBIX 3a[dy.

5.2. Description of scales for assessing learning outcomes in the discipline during interim
certification

IlTkana oneHUBaHUs C()OPMUPOBAHHOCTH KOMIIeTeHLINH

YpoBen

b

copmu HEey/0B/IETBOP YAOBJIETBO 04YeHb

IJI0XO XOpOIII0 OT/INYHO MPeBOCX0/{HO

pOBaHH HUTEe/ILHO PHTe/IBHO XO0pOoIIo

ocTH

KOMITIET

eHIUH

(uHUK

aropa

ROCTHK He 3aUTeHO0 3a4YTEeHO

eHus

KOMIIeT

eHIHi1)

3HaHus OtcytcTBHE YpoBeHb MuHumansH | YpoBeHb YpoBeHb YpoBeHb YpoBeHb
3HaHUM 3HAHUN HUXKe o] 3HaHUH B 3HaHUH B 3HaHUM B 3HaHUH B
TEOPeTHUUECKOTO MHMHHUMaJILHBIX JIOMyCTUMBI | 00BeMe, obneme, obneme, obneme,
MaTepuasa. TpeboBaHU. 1l ypoBeHb COOTBETCTBY | COOTBETCTBY | COOTBETCTB | IpeBbILIAOLE
HeB03M0>KHOCTb Nmenu mecto 3HaHUM. IoLeM Io1eM yIOLL[EM M [pOrpamMMy
OLIeHUTD MOJHOTY | rpy6bie ommbky | [lomyiieHo rporpaMme | mporpaMMe | rporpaMme | TMOATOTOBKH.
3HaHUU MHOTO TOJTOTOBKH | TIOATOTOBKK | TMOJTOTOBK
BC/Ie/ICTBUE HerpyobIx . JonyiieHo | . JomyweHo | u. Oumbok
OTKasa omboK HECKOJIbKO HECKOJIbKO HET.




poor

HecylILiecTBe
obyuaroiierocs ot HerpyobIx HHEIX
OTBeTa OIIM60K
o1IboK
IIpogemoHC
TPHUPOBAHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpogemMoHC | TpUpOBaHbI
TPUPOBaHbI | OCHOBHBIE
TPHUPOBaHbI | BCe
BCe YMeHWUsI. ITpozseMoHCTp
OCHOBHBI® OCHOBHBI®
OtcyTcTBUE OCHOBHbIE Perienst HpOBaHkbI BCe
[Tpu perieHNM YMeHUSI. yYMeHUSI.
MHHHMMaJ/IbHbIX yMeHUsl. BCE OCHOBHBIe
N CTaHZapTHBIX Pertensl PerieHs! Bce
YMeHHH. PeriieHsl Bce | OCHOBHBIE YMeHVSI.
3a7iay He THIIOBbIE OCHOBHbIE
HeBo3MO>KHOCTB OCHOBHBIe 3a71auu C PemteHs! Bce
MIPOZIEMOHCTPUD | 3aJauu C 3a/lauM C
OL|eHUTB Ha/TuuHe 3ajiaunl. OTZIeNIbHBIM | OCHOBHBIE
Ymenus N OBaHbI HerpyObIMU | HerpybbIMU
yMeHHH BbInosHeHb! | U 3a/jauM.
OCHOBHbIE ommbkamu. | omIMOKamu.
BCJIE[ICTBHE BCe 33JlaHMs1 | HecyllecTB | BbINosHeHs!
yMmenusi. Umenu | BoimonHeHsl | BobinosHeHbI
OTKaza B [10JTHOM €HHBIMU BCe 3a/laHus, B
MecTo Tpy0Obie BCE BCe 33/laHus
obyuaroierocst ot obbemMe, HO | HejoUeTaM | TIOJTHOM
oMoKH 3a/laHysl, HO | B TIOJTHOM
oTBeTa HEeKOTOpble | U, obbeme Ge3
He B obneme, HO
d BBITNIOJTHEH HeJ|0YeToB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme d
3a/laHyis B
HeJZloueTaMu
TI0/THOM
obbeme
Nwmeetcsa
OtcytcTBHE IIpogemoHc IIpogemoHC
MUHUMaJIbH IIpogemonc
6a30BbIX ITpu pereHnn o TPUPOBaHbI TPHUPOBAaHBI
bl Habop TPHPOBaHbI ITpogemoHcTp
HaBbIKOB. CTaH/apTHBIX Oa3soBble HaBbIKU
HaBBIKOB 6a3oBbIe VPOBaH
HeB03MO>XHOCTh 3a7iay He HaBbIKH TIPU npu N
ISt HAaBBIKH TIpU TBOPYECKHI
OLIeHUTb Ha/jMure | MPOJEMOHCTPUD pelleHnn peleHrr
Hagbiku pelleHus peleHnn TIOZIXO/, K
HaBBIKOB oBaHb! 6a30BbIe CTaHZapTHBI HeCcTaHJapT
CTaHZapTHbI CTaHZJapTHBI peLLeHNI0
BCJIEJICTBHE HaBbIKH. VIMenu X 3a/jau ¢ HBIX 3a71au
X 33/ja4 C X 3a/jau 6e3 HeCTaH/apTHBI
OTKa3za MecTo Tpy0Obie HEKOTOPBIM 6e3
HEKOTOPBIM ommboK 1 X 3a/1au
obyuaronierocsi ot | ommbKu u omboK 1
u HeJZloueToB
OTBeTa HeJ0YeTaMHu He/[0YeToB
Hef0ueTaMHt
Scale of assessment for interim certification
Grade Assessment criteria
All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the
relevant competencies have been demonstrated at a level higher than the one set out in the
programme.
excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",
pass very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",
good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",
satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.
unsatisfactory At least one competency has been developed at the "unsatisfactory" level.
fail

At least one competency has been developed at the "poor" level.




5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Control questions) to assess the development of the
competency OITK-1

1. O6i11ast MOCTAaHOBKA 3a/]au BHIUUC/IUTE/TBHOM MaTeMaTUKU. [10rpeliHoCTs  BbIUMC/IEHHH, ee COCTaBHbIe YacTu /
General formulation of problems in computational mathematics. Computational error, its components.

2.AGCosOTHAs ¥ OTHOCHTE TbHAsK TOTPELTHOCTH NPUOIKeHHOro urcia. OrpeeneHrie U HAXOKIeHHe
MOrPeLIHOCTH apudMeTHUeCKHX onepaluil. [ToHsTHe BepHO# U 3Hauvarieli rudp / Absolute and relative errors of
the approximate number. Determination and determination of the error of arithmetic operations. The concept of a
true and significant number.

3.0611jas1 ocTaHOBKA 3a/jauk pubmkeHHOro BelurcieHns pyHkiuM / General statement of the problem of
approximate calculation of a function.

4.VIHTepNOMALMOHHEIN TOMHOM Jlarpanska. PAaBHOOTCTOAIIMI 1 HEPaBHOOTCTOALMU C/Ty4Yau PacIioyioyKeHUs
y310B. Cxema DiitkeHa / The interpolation polynomial of Lagrange. Equal and unequal distribution of nodes.
Aitken's scheme.

5. Pa3genennsie pasHocty. OripegesieHre, cBoicTBa, npumepsl / Divided differences. Definition, properties,
examples.

6./HTeprionsAroHHbIN nonvHoM HetoToHa. HepaBHOOTCTOSAIMI C/Tyyaii pacrionoKeHust
y310B / Newton interpolation polynomial. The unequal distribution of nodes.

7. Koneunsie pasHoctu. Onipesienienne, cBoiictBa, nmpumepsl / Finite differences. Definition, properties, examples.
8. UnTepriosisitiioHHbIe TIoJTMHOMBI Hbl0TOHA, ["aycca / The interpolation polynomials of Newton and Gauss
9. TTorpemrHocTh UHTEpHOsAIMKA. CriocoOrl ee yMeHbiieHus. / Error of interpolation. Ways to reduce it.

10. IorpeuHoCTh UHTEpPMOSALUKA. CIOCOOBI ee yMeHbILeHHs1. CXOAUMOCTb MHTEPIIO/ISILIMOHHOTO TIpoLiecca.
Hocrarounbie yciosust cxogumocTu. / Error of interpolation. Ways to reduce it. Convergence of the interpolation
process. Sufficient conditions for convergence.

11. ViHTeprionsitysi ¢ KpaTHbIMU y3/1amu. [TonuHom Opmurta. / Interpolation with multiple nodes. Hermite's
polynomial.

12. Cninaiin-byukuun. Onpesenenue, ceoricTa. [Ipumepsl. / Spline functions. Definition, properties. Examples.

13. Crinaiin-unTeprossitus. [TocTpoeHue fi71s1 pa3MMUHBIX KPaeBbIX
ycyioeui. / Spline interpolation. Construction for various boundary conditions.

14.3agaua urcienHoro AuddepeHirposanus. IToctpoenue hopmyn UncieHHOro quddepeHIPOBaHNA,
MOrpenIHoCTb. HeKOppeKTHOCTD 3a/jaun urcieHHoro auddepenippopanust. / The problem of numerical
differentiation. Construction of formulas for numerical differentiation, error. Incorrectness of the problem of
numerical differentiation.

15. 3aaya yrceHHOTO UHTErpupoBaHust. [IpocTeiiiiivie KBasipatypHbie popmyJibl. / The problem of numerical
integration. The simplest quadrature formulas.

16. KBazparypssle popmysiel HetoTona-Koreca. ITpumepst. / Quadrature formulas of Newton-Cotes. Examples.



5.3.2 Model assignments (assessment tool - Control questions) to assess the development of the
competency OIIK-2

1.

CocraBHble KBajpaTypHble ¢opmysbl. OneHka norperrHocTd. / Composite quadrature formulas. Error
estimation.

. MaTerpupoBanuve QpyHKIMIA MHOTHX riepeMeHHBIX. KybaTypHble dhopmyssbl. / Integration of functions of

several variables. Cubature formulas.

. Metog MonTe-Kapno uHTerprpoBanus hyHKLIMH MHOTUX TiepeMeHHbIX. / The Monte Carlo method of

integrating functions of several variables.
MeTo/, MPOTOHKHM il TPEX AUaroHa/IbHBIX cucTeM. / Sweep method for three diagonal systems.

. Yactuunas ipobsieMa coOCTBEHHBIX 3HAUEHU. MeTo/

utepauuii. / Partial eigenvalue problem. Method of iterations.

. Yactuunas mpobsieMa cobCTBeHHBIX 3HaueHUM. MeTo/ ncueprbiBanus. / Partial eigenvalue problem.

Method of exhaustion.
IIpuBemeHre MaTpHL] K KBa3UTpeyroisHoMy Buay. / Reduction of matrices to a quasitriangular form.
QR, QL — anroputmset / QR, QL algorithms

. 3azmaua Komm. ITpocteiiiiue metonl pemenus. [Tpumepsl. / The Cauchy problem. The simplest methods

of solution. Examples.

10.Metops! Tuma Pynre-Kyrtel. TIpumepsl. / Methods of Runge-Kutta type. Examples.
11.MHoroiarossle MeTO/bI pellieHys 3ajgauun Ko,

JKCTpanossILMOHHas ¥ UHTepIoJIsILMOHHAs popmysiel Afiamca. / Multistep methods for solving the
Cauchy problem. Extrapolation and interpolation formulas Adams.

12.Metop auddepeHanbHOM MPOroHKU (ObICTpEIN ciiyuaii). / The method of differential sweep (fast case).
13.KpaeBble 3aauu /17151 0OOLIKHOBEHHBIX JU(depeHIMalbHbIX YpaBHeHHH. MeTo/| CeTOK. ATIpOKCUMALUsT

obmacty. Onpe/iesieHye anMmpOKCUMALIMK pa3HOCTHOM cxeMoi AnddepeHvanbHOM 3afaun / Boundary
value problems for ordinary differential equations. Method of nets. Approximation of the region.
Definition of approximation by the difference scheme of the differential problem

14.Metop opTtoroHanbHoi nporosku. / The method of orthogonal sweep.
15.BapraliMOHHO-TIPOEKIIMIOHHBIE MeTO/IbL. [T0CTpOeHMe TMHEHO He3aBUCHMBIX CHCTEM MPOOHBIX (YHKIIUH.

Mertoz I'anepkuHa. / Variational projection methods. Construction of linearly independent systems of trial
functions. Galerkin's method.

16.BapualinoHHO-TIpPOeKIIMOHHEIe MeTOoibl. MeTo | PuTija. / Variational projection methods. The Ritz method.
17.3BapualoOHHO-TIPOEKLIMOHHbIe MeTO/ibl. MeTo/; HaMMeHbIIKX KBaJpaToB. / Variational projection

methods. Least square method.

Assessment criteria (assessment tool — Control questions)

Grade Assessment criteria
istandi Bce komneTeHIUY (YacTH KOMIIeTEHIUI), Ha (HOPMHUPOBaHUe KOTOPLIX HallpaB/jieHa
outstandin
8 JUCLIATIIMHA, COPMUPOBAHbI HAa YPOBHE HE HIXKE «TTPEBOCXO/IHO»

Bce komneTreH1[uM (YaCTH KOMIETEHI[WH), Ha (POPMUPOBaHNEe KOTOPHIX HarpaB/ieHa

excellent JUCHATIIMHA, COPMUPOBAHbBI HAa YPOBHE He HIDKE «OTJIMUHO», TIPH 3TOM XOTs ObI 0/1Ha
KOMIIeTeHIIUsI C(hOPMHUPOBaHa Ha YPOBHE «OTIMUHO»

very good Bce komrmeTreHiuu (4acTv KOMITeTeHI[M), Ha (popMHUPOBaHNe KOTOPBLIX HarlpaBjieHa
JMUCLIUTUIMHA, COPMUPOBAHbI HAa YPOBHE HE HIDKE «OUeHb XOPOILIO», TP 3TOM XOTs OBl OfIHa




Grade Assessment criteria

KoMIleTeHLIMs1 cQOpMUPOBaHa Ha YPOBHE «0UYeHb XOPOLLIO»

Bce komnieTeH1[UM (4acTH KOMIeTeHLMi), Ha (pOpMHUPOBaHKe KOTOPBIX HarpaB/ieHa
good JUCLIUITUTAHA, C)OPMHUPOBAHBI HA YPOBHE He HIDKe «XOPOIIIO», TIPH 3TOM XOTs ObI 0ZjHa
KoMmrieTeHLIMs1 CQOPMUPOBaHA Ha YPOBHE «XOPOLLIO»

Bce kommneTeH1[uM (4acTH KOMIIeTeHI[Ui), Ha (hopMHUpOBaHKe KOTOPLIX HarpaB/ieHa
satisfactory  gucuurvHa, cOpMHUPOBAHBI Ha YPOBHE He HIDKE «YZOB/IETBOPUTEILHO», IPU 3TOM XOTS ObI
0/jHa KOMITeTeHL1s1 C(pOpMHpPOBaHa Ha YPOBHE «YZ0B/I€TBOPUTEILHO»

Xots ObI 0fHa KOMITeTeHLMsI CHOPMUPOBaHa Ha YPOBHE «HeY/[0B/IeTBOPUTEIHHO», HA O/JHA U3

unsatisfactory N
KOMITeTeHLIMI He C)OPMHMPOBaHa Ha YPOBHE «IJIOXO0»

poor XoTs 661 0jHa KOMIIeTeHL|sI CHOPMHUPOBaHa Ha YPOBHE «ILIOX0»

6. YueOHO-MeTOANUYECKOE U HH()OPMALIMOHHOE 00ecreueHne JUCIUIUTHHBI (MOAYJIs)

OcHOBHasi uTeparypa:

1. Larkin Ridgway Scott. Numerical Analysis. - Princeton University Press, 2011. - 1 online resource. -
ISBN 9781400838967. - ISBN 9780691146867. - TeKCT : 3/71eKTPOHHbIH.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=856029&idb=0.

2. Svetlin G. Georgiev. Numerical Analysis on Time Scales. - De Gruyter, 2022. - 1 online resource. -
ISBN 9783110787320. - ISBN 9783110787252. - TeKCT : 3/71eKTPOHHbIH.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=856031&idb=0.

[ononHuTebHAs TUTEpaTypa:

1. Severina N. S. Numerical methods and algoritms. Algebra and approximation = YucsieHHbIe MeTO/bI U
anropuTmbl. Anrebpa u arrpokcumariys : study guide / Severina N. S.,Slastushenskiy Y. V. - Mockga :
MAMWU, 2022. - 150 c. - Knura u3 komiekiuu MAU - Matematuka. - ISBN 978-5-4316-0876-6., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=807231&idb=0.

[TporpammHoe obecrieueHue U IHTepHET-peCypchl (B COOTBETCTBUH C CO/IEPYKAHUEM THCIUITAHBI):
Numerical Computing with C And C++. https://qgmplus.qmul.ac.uk/course/view.php?id=8742

7. MaTepua/ibHO-TEXHHYeCKoe ofecneyeHre AUCLUIUIUHBI (MO/YJIs1)

YuebHble ayWTOPUM [i/is TIPOBeJieHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa3oBaTe/bHOM
MPOrpaMMO#i, OCHaIleHbl MYyJIbTUMeAUWHBIM 000pyJoBaHHeM (TIPOEKTOpP, 3KpaH), TeXHUYeCKUMHU
cpeAcTBaMu 00y4eHHsi, KOMITbIOTepaMH.

[MTomereHust A7IsT CAaMOCTOSITeIbHOM paboThl 00YYarOIMXCsl OCHAIL[eHbI KOMITbIOTEPHON TEeXHUKOW C
BO3MOJKHOCTBIO TMOAK/IOUeHUss K cetd "VHTepHeTr" u obecrieueHbl [OCTYIIOM B 3/I€KTPOHHYIO



MH(OPMaIMOHHO-00pa30BaTe/IbHYIO Cpefy.

IIporpaMmma cocTtaBieHa B cooTBeTcTBUM ¢ TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIo
noArotoBKy/crierianbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Astopsl: bapkanoB KoHcTaHTUH AleKCaHApPOBUY, JOKTOP TeXHAUUYECKUX HayK, JOL[eHT.
3aBenytomuii kadeapoii: bapkanoB KoHcTaHTHH AJieKCaHPOBUY, JOKTOP TEXHUYECKUX HayK.

[Tporpamma ofj06peHa Ha 3ace/jJaHUM MeTOANYeCKOM Komuccru ot 17.12.2025, mpoTtokos Ne IpOTOKOM
Neb.
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