degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: HpaKTI/I‘{eCKI/Ie MCTOJbI PCHICHUSA CUCTCM ypaBHCHI/Iﬁ
0 HANIPaBJICHUIO: HH(bOpMaTHKa W BBIYHUCIIMNTCIIbHAA TCXHUKA
HpO(l)PIJIb MnoATrOTOBKMU: MaremaTudeckoe MOACIINPOBAHUC U KOMIIBIOTCPHBIC TCXHOJIOTUH

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBaHUS B reo(hU3UKe U

onoMareMaTHKe
Kypc: 4
KBauuKanus: Oakanasp

Cemectp, GopMBI IPOMEXKYTOUHOH arTectauuu: 8 (BeceHHul) - uddhepeHunpoBaHHbIi 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrostensHas padora: 15 gac.
Bcero gacos: 45, Bcero 3a4. ef.: 1

[Iporpammy coctaBuiIu:

C.A. TopeitHoB, kaH[. pu3.-Mar. HAyK, JOLEHT
K.M. TepexoB, kaH1. Gpu3.-MaT. HAyK

[Mporpamma obcyxneHa Ha 3acefjaHny Kadeapbl BEIMUCIUTEILHBIX TEXHOJIOTHI U MOACTUPOBAHUS B TEOPHU3UKE U
onomaremaruke 02.04.2022



AHHOTANMA
Kypc nocasitien MeTonam pemieHnss MHOTOMEPHBIX 3ajjad — METO/Ia paclleIyICHHs] YPaBHEHUH 10 (PU3NYECKUM
IpoleccaM U MPOCTPaHCTBEHHBIM IIEPEMEHHbIM. B paMkax eMHOro moaxozna ONMCaHbl OCHOBHBIE I10JIXO/bI
[0 MOCTPOCHUIO 3KOHOMHYHBIX Pa3HOCTHBIX CXEM pACIICIUICHHS MJIs YWCIEHHOIO pPEIICHHsS YpaBHEHUH
Otinepa n HaBpe—CTOKCa C)KMMaEeMOTO TEIIONPOBOAHOTO ra3a U HECKUMAEMOM KUAKOCTH.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

OCBOCHUC CTyACHTAMH (I)YH,Z[aMeHTaJIBHBIX 3HAHMH B 00JacTH MaTeMaTHYCCKOTrO MOACIINPOBAaHMA,
HN3Yy4YCHHUEC COBPCMCHHBIX YUCJICHHBIX METOAOB PCHICHUS JIMHEWHBIX U HEJIMHEWHBIX CUCTEM ypaBHeHPIﬁ,
a Takxe o0JIacTel ux MPAKTUICCKOTO MPUMCHCHMU.

33]13‘[1/[ JAUCHUIIINHBI

* (opmupoBanue 6a30BbIX 3HAHHUH B 00JACTH YHCICHHBIX METOI0B MAaTEMAaTHYECKOTO MOJICINPOBAHUS
KaK JUCLUIUIMHBL, 00ECIIEYNBAIOIIECH TEXHOIOTHUECKNE OCHOBBI COBPEMEHHBIX HHHOBALMOHHBIX cdep
NEeSITEIbHOCTY;

® 06yqel-me CTYACHTOB COBPEMCHHLIM METOHdaM PCIICHHUA OOIBIINX CHUCTEM M O3HAKOMIIEHHE C KX
MMPUITOXKCHUSIMU

. (hopMHUpOBaHUE TOAXOJOB K BBINOJHEHHUIO HCCIEIOBAHUN CTyAEHTAMH IO MaTreMaTH4eCKOMY
MOZIEJIMPOBAHMIO B paMKax BBIITYCKHBIX pa0OT Ha CTENIEHb MarucTpa.

2. llepedyens popmMupyemMbIX KOMIETEeHUHH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NuaukaTopsl JOCTHKEHHS] KOMIIETEHIINH

VYK-6.1 Ormpenenser npUOPUTETH  MPOodhecCHOHATBHON
NEeSITEeIbHOCTA W CHOCOOBI €€ COBEpIICHCTBOBAaHUS Ha
VK-6 CriocobeH ynpasisiTb CBOUM BpEMEHEM, |OCHOBE CAMOOLCHKH

BBICTPAMBATh U PEATM30BBIBATH TPAEKTOPHUIO VK-6.2 CrnocobeH  miuaHMpOBaTh  CaMOCTOATENIBbHYIO
CaMOpa3BUTHsI HA OCHOBE NIPUHLIMIIOB JEATEIIbHOCTh B PEIIEHHHM IPOQECCHOHANBHBIX —3a1ay;
00pa3oBaHMsl B TeUEHUE BCEH KU3HU MOJBEprarh KPUTHUYECKOMY aHAIN3Yy IPOACIaHHYI0 padory;

HaxXoAuTb U TBOPUCCKH HCIIOJIb30BATH UMEIOIIUICS OIBIT B
COOTBCTCTBUH C 3a/la4aMU CaMOPA3BUTHA

OIIK-1 Cnocoben npuMeHsTh OIIK-1.1 Crocoben aHanmM3upoBarh MOCTABICHHYIO 3ajady,
(byHIaMeHTaNbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh MyTH €€ peIeHUs

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON eI TeNbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIE PACUETHI M OLICHKH

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATB!
[J MecTo H poJib OOIIMX BOMPOCOB HAYKU B HAYYHBIX UCCIIEOBAHUSIX;
[J CcOoBpeMEHHBIE TPOOIEMbI BHIYUCIUTEIHHON MaTeMaTHKY;
O HOBEWIMe 4YHCICHHbIE MeToAbl 3(PPEeKTUBHOTO pemieHusT OOJBIINX CUCTEM, MOPOXKIACMBIX
3aJayaMHi MaTeMaTHYeCKON (PU3UKH;
[J TOoCTaHOBKY IpoOiieM MOoACTUpOBaHUs (PU3HYECKUX MTPOIECCOB;
[J 0 B3auMOCBS35X U GyHIAMEHTAIBHOM E€AMHCTBE €CTECTBEHHBIX HaYyK.

YMETb:



[ a¢ddexTuBHO UCTIONL30BaTh HA MPAKTHKE TEOPETUICCKIE KOMIIOHEHTHI HAYKH: TIOHSITHS, CYXICHUS,
YMO3AKIIOUEHUS, 3aKOHBI;

[l mpencTaBUTh TAHOPAMy YHHUBEPCAIbHBIX METO/IOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;

[J paboTarh Ha COBPEMEHHOM KOMIIBIOTEPHOM O0OPYIOBAHUMY;

[J  abcTparupoBarhCcsi OT HECYIIECTBEHHBIX BIMSIHMNA TP MOACITHUPOBAHUN PEalbHBIX (DU3MUYECKUX
CUTYALUii;

0 MOJIb30BATHCS CIIPABOYHOW JIMTEPATYpPOHd HAyYHOTO W TPUKIIAJHOTO Xapakrepa st ObICTpOro
MTOMCKA HEOOXOAMMBIX MaTEMATHIECKUX U (PU3NUYECKUX JAHHBIX U TTOHITHM.

BJIQJICT!
[l mIaHUpOBaHHEM, IIOCTAHOBKOH M 00pabOTKOH Pe3ysIbTaToOB YUCICHHOTO YKCIICPUMEHTA;
0 HaBBIKAMH CaMOCTOSITETIbHOM paboTel B Ja0OpaTropud Ha COBPEMEHHOM KOMITBIOTEPHOM
000pyIOBaHUY;
[l HaBBIKAMH OCBOCHHS OOJIBIIOTO 00BEMa HH(OPMAIIUH;
[l KyJIbTYpO# OCTAaHOBKU U MOJCIHPOBAHUS (PH3MYESCKUX 3a/1ad.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
ANIpoKCUMAallUY, CBSI3aHHBIE C METOJOM
JlaH1omra. Annpokcumanuu TUNA
1 Kapareonopu-®eiiepa. Anmpokcumarun 6
CUMMETPHYHBIX TEH30pOB TUIA
anroputMa CuibBecTpa.
) Knaccuueckue ObICTpBIE psiMble 6
METO/IBI.
3 MeTton conpsKEHHBIX TPaJVECHTOB. 6 4
4 MHorocerounble  MeToabl.  MeToasl ] 5
JIEKOMIO3UITNH 00JIacTH.
Mertoasl nexoMno3uiuu obnactu. Merox
5 HreroToHa penreHust HETMHENHBIX CUCTEM. 4 6
Bapuantsl metona Herorona.
Hroro yacos 30 15
Iloaroroska k sk3aMeHy 0 gac.
Oobmas TpynoEMKOCTb 45 yac., 1 3au.en.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 8 (Becennuit)

1. Annpokcumanuu, cBsi3anHble ¢ MetoaoM Jlanuoma. Annpokcumanuu tuna Kapareogopu-®eiiepa.
ATIMPOKCUMAaIMA CHUMMETPHUYHBIX TEH30POB TUMa anroputMa CuinbBecTpa.

Merton 6unnaronanu3anui. TeH30pHbIE KPBUIOBCKUE METOBI.

Metoasl anmpokcumanuu u3 moanpocTpanctBa B C-nopme. Teopema Anpamsna-Aposa-Kpeiina,
anmnpoxcuMmanuu omneparopos B Ho -Hopme.



ManopaHroBble TEH30pPHbIE aNNPOKCHUMAIMH, CBOAAIINECS K JIMHEHHO-aIreOpanyecKuM OIepanusam
C KBa3U-TaHKEJIEBBIMH MaTpUIIaMU. AJITOPUTMBI KAHOHUYECKOTO PA3JIOKEHHUS TEH30POB.

2. Knaccuueckue GBICTpI)Ie OpAMBIC MCTO/BI.

Knaccuueckue OpicTprie mpsimble MeToasl beicTpoe mpeoOpazoBanne @ypre. MeTon HUKIMYECKON
penykuuu. MapiieBble METOABI.

[NapamienpHbIil  OBICTPBIA TPSAMOW  METOJ YactuuHble 3amayu. DBeICTpBI IPSIMOM  METOA.
[TapannensHas peanu3anusi.

NrepanrioHHbIE TpoLecChl B MOANPOCTPAaHCTBAaX  MTepaliMOHHBIE TPOLECCHI B MOAIPOCTPAHCTBAX.
MeTtozb!l GUKTHBHBIX KOMIOHEHT. MeTol (PMKTUBHOTO IIPOCTPAHCTBA.

3. Metox comnpsKeHHBIX TPaJMEeHTOB.

Meton  CONpSKEHHBIX I'PaJUEHTOB Ilonnpoctpanctea Kpreinosa. CnekrpanbHas Teopus
CXOIUMOCTH. MeTOo CONpSKEHHBIX TPAANECHTOB.

Meron Jlanuoma Juis cucTeM € CHMMETPUYHBIMM MarpullaMd  MUHUMM3aLMsT HEKOTOPBIX
(YHKIMOHANIOB ¢ MOMOIIbI0 Merofa Jlanmomra. OneHka CXOIMMOCTH C MOMOIIBIO MHOTOYJICHA,
HauMEHEE YKIIOHSIOIEroCs OT HyJIs Ha AByX OTpe3Kax.

OO0001IeHHbIH METOI MUHUMAJIBHBIX HEBA30K  MeToJ MUHUMAJIbHbBIX HEBSI30K JUIl MaTpHIl OOIIEero
BUJA, pa3InyHble peanzaunu. OueHKH apuMETHIECKON CIOKHOCTH.

Meronpl BIOXEHHBIX PACCEYEHUHM U MUHUMAJIBHOW CTEIICHU I'pad wmarpunbel. Teopemsl o
3allOJIHEHHN B MeToAe HckiroueHus [aycca. Teopema 0 MUHMMaIBHOM cemaparope. AJITOpHUTMEI,
NpUOIMKEHHO MUHUMH3HPYIOIIUE 3alI0JTHEHHE.

4. MHOroceToYHble METOAbLI. MeTOIbI JEKOMITO3UIIMN 00IaCTH.

JByxcetounslii Metoj. CriaxuBaroliee CBOMCTBO 0a30BbIX MTEPAaLMOHHBIX MeToaoB. Koppekuus c
rpy6oii cerku. [IpomomkeHue, TPOEKTOp, omeparop Ha TpyOol ceTke. Marpuia uTeparuii.
CxomuMocCTh A7l MOZICIBHOM 3a/1auu.

MpHuorocetounsli Metoa. V- um W-nukiel. [lpeacmmaxuBaHue W TocTchIaXuBaHWe. Marpuna
urepanuii. CXoquMoCcTh MHOTOCETOYHOTO MeToaa (W-ITuKI).

OcHOBHBIE TPUIOKEHUS METOJOB JCKOMIIO3UIMH 00iacTu. MareMaTuueckue OCHOBBI METOIOB
JEKOMIIO3ULIMH. YCJIOBUE CIUMBKH. Teopema O INPONOIDKEHMM M TEOpEMa O ClieJax. YpPaBHEHHE
[Tyankape-Crekiosa.

Merton wurepanuii Heiiman-upuxne.llepeoOycnapnuBarens Hetiman-/Iupuxne. Hecummerpuunas
Bepcus. CuMMeTpu4Has Bepcus.

Mertop IlIBapua. AxnutuBHbIi meton [Bapia.

5. Meroasl aexommozunu obmactiu. Meron HproToHa pemieHusl HEIMHEHHBIX cUCTeM. BapuaHThI
meTtona HrroToHa.

Mertonsl nexkommo3unuu ob6iactd OCHOBHBIC TPHIOKEHHS METONOB JICKOMITO3MLMHU O0IacTH.
Marematndeckue OCHOBBI METOAOB JIEKOMIIO3MIIMH. YCIOBHE CIIMBKH. TeopeMa O NMPOAOIKEHUU U
Teopema o cienax. YpaBHenue Ilyankape-Crekiona.

Merton wurepanuii Heiiman-/{upuxine.llepeoOycnapnuBarens Hetiman-/Iupuxie. Hecummerpuunas
Bepcus. CUMMETpUYHAs BEPCHUSL.

Meron lIBapua. AnnutusHseii metox [1IBapua.

Meron HeroToHa pemieHus HenuHeHHbIX cucteM Hetounslil Meton HeloTOHA pellieHUs] HETUHEHHBIX
cucreM. TeopeMbl O CBEPXJIMHENHON U KBAIPATUYHOU CXOAUMOCTH.

BapuanTer metona Hetotona Metox Herotona-Kpsiosa u metox bpoiiaena.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

JHocka, HOyTOyK 1 MyJIBTUMEIUITHOE 000pya0BaHuE (IPOEKTOP UM IJIa3MEHHAS TTaHETIh ).



6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa

1. Bacunesckutit 1O., Onpmanckuit M. Kpatkuii Kypc 1o MHOTOCETOYHBIM METOAAM U METOaM
nexoMmosunuu odaactu. - M.:Maxkc-IIPECC, 2007. - 103c.

2. Onpwanckuit M. Jlekiuu U ynpaxHeHHsI IO MHOTOCETOYHBIM MeToaaM. - M: dusmatnur, 2005. -
168c. ISBN 5922105930.

3. TerpreimaukoB E.E. Metonb! uncnennoro ananmsa. - M.: Akanemus, 2007. 320c. ISBN
978-5-7695-3925-1.

4. Saad Y. Iterative methods for sparse linear systems. 2nd Edition. SIAM, 2003.

JomnonHurenbpHas auTeparypa

3. Jxopmx A., JIro M. YucnenHoe penieHre OONbIINX pa3pesKeHHBIX CUCTEM ypaBHeHHN. M.: Mup,
1984.

4. Kelley, C.T. Iterative Methods for Linear and Nonlinear Equations. SIAM, Philadelphia, 1995.

5. Kamopun U.E., «Mcnonp3oBanne momnHOMOB YeObIeBa 1 mpuOIeKeHHOTO 00paTHOTO
TPE-YroJIbHOTO PA3NIOKEHHS JIs IPEe00yCIOBINBAaHNS METOAA CONPSKEHHBIX TPaIUEHTOBY, JKyp-Hau
BBIYHCIIUTEIFHON MaTeMaTHUKU U MareMaTuieckoi ¢usuku, 2012, T. 52, ¢. 179-204

6. Epémun A. 10., Kanopun U.E., «Bnusiaue HanbonbImx cOOCTBEHHBIX 3HAYCHUI Ha YHUCIICH-HYIO
CXOJTUMOCTh METOJIa COTIPSKSHHBIX TpaineHToBy, 3am. Hayun. Cem. [IOMU, 1998, Tom 248, c. 5-16.
7. Na, L., Saad, Y., Chow, E., «Crout versions of ILU for general sparse matrices», SIAM Journal on
Scientific Computing, 2003, 25(2), c. 716-728

8. Bollhofer, M., «A robust ILU with pivoting based on monitoring the growth of the inverse fac-torsy,
Linear Algebra and its Applications, 2001, 338(1-3), c. 201-218

9. Ruge, J. W,, Stuben, K. «Algebraic Multigrid», Multigrid Methods, Society for Industrial and
Applied Mathmetatics, 1987. c. 73-130

10. Stuben, K. «A review of algebraic multigrid», Numerical Analysis: Historical Developments in the
20th Century, Elsevier, 2001. ¢. 331-359

11. Kuznetsov, Yu. A. «Algebraic multigrid domain decomposition methods», Russian Journal of
Numerical Analysis and Mathematical Modelling, 4(5), c¢. 351-380

12. Bollhofer, M., Saad Y. «Multilevel preconditioners constructed from inverse-based ILUs», SIAM
Journal on Scientific Computing, 2006, 27(5), c. 1627-1650

13. Bramble, J. H., Pasciak, J. E. «A preconditioning technique for indefinite systems resulting from
mixed approximations of elliptic problems», Mathematics of computation, 1988, 50(181), c 1-17

14. Elman, H. C., Golub, G. H. «Inexact and preconditioned Uzawa algorithms for saddle point
problems», SIAM Journal on Numerical Analysis, 1994, 31(6), c. 1645-1661

15. Bramble, J. H., Pasciak, J. E., Vassilev A. T. «Analysis of the inexact Uzawa algorithm for saddle
point problems», SIAM Journal on Numerical Analysis, 1997, 34(3), c. 1072-1092

16. Sinkhorn, R., «A relationship between arbitrary positive matrices and doubly stochastic matrices»,
The annals of mathematical statistics, 1964, 35(2), c¢. 876-879

17. Kaporin, 1. E. «Scaling, reordering, and diagonal pivoting in ILU preconditionings», Russian
Journal of Numerical Analysis and Mathematical Modelling, 2007, 22(4), c. 341-375

18. Olschowka, M., Neumaier A. «A new pivoting strategy for Gaussian eliminationy», Linear Algebra
and its Applications, 1996, 240, c. 131-151

19. Cuthill, E., McKee, J. «<Reducing the bandwidth of sparse symmetric matrices», Proceedings of the
1969 24th national conference, 1969, c. 157-172

20. Grigori, L., Boman, E., Donfack, S., Davis, T., «<Hypergraph-based unsymmetric nested dissection
ordering for sparse LU factorization», SIAM Journal on Scientific Computing, 2010, 32(6), c.
3426-3446

21. Amestoy, P., Davis, T., Duff, . «An approximate minimum degree ordering algorithm», SIAM
Journal on Matrix Analysis and Applications, 1996, 17(4), c. 886-905

22. Anderson, D. G., «Iterative procedures for nonlinear integral equations», Journal of the ACM,
1965, 12(4), c. 547-560

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. JKypHauibl 110 Hay4YHBIM BBIYMCIICHUSM M MAaTpUYHOMY aHanu3y (Harp., STAM Journal of Scientific
Computing http://www.siam.org, http://sciencedirect.com),

2. DNEKTPOHHBIE KOHCIIEKTHI Jiekimii http://dodo.inm.ras.ru/terekhov/lectl,



3. pecypc http://scholar.google.com, yueOHbIe TOCOOUS 1 COOPHUKH 33124, pa3pabOTaHHbBIE IS
JTaHHOTO Kypca.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

KypHaibl 10 HayYHBIM BBIYUCICHUSIM U MaTpruuHOMy aHanu3y (Harp., SIAM Journal of Scientific
Computing http://www.siam.org, http://sciencedirect.com), moctymusie yepe3 Internet coopHuKH
TPYIIOB TeMaTniecKux KoHhepeHuii: http://ddm.org/, 3nexTpoHHbIE KOHCIIEKTHI JICKIHHA, yueOHbIC
nocoOusi 1 COOPHUKH 3aja4, pa3padoTaHHBIE U JAHHOTO Kypca.

Obecrieuenue caMOCTOSTENIHLHON paboThl — 3neKkTpoHHas Oubarnotexka UBM PAH.
9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

CryneHT, M3y4yalOM{ AWCUUIUIMHY, OJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHITHUHHBIM
arnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.
B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYyAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHOMBI, aJITOPUTMBI.

VYeneniHoe ocBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa HajJ TEMOHU.
CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAHHOMN JINTEPATYPBI,

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW M Hay4yHOW JHUTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPKACHHN, CBOICTB;

— MOATOTOBKY K UG PEpEeHINPOBAHHOMY 3a4ETYy.

PyKoBOACTBO M KOHTPOJIb 32 CaMOCTOATENBHOM paboTOM CTyIeHTa ocylecTBisercs B Qopme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHUs OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA

Nnpo¢uJIb NOATOTOBKH: Maremarnueckoe MOAETUPOBAHNE U KOMIIBIOTEPHBIE TEXHOJIOTUN
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBAaHUS B reo(hU3UKe U

onomareMaTHKe
Kypc: 4
KBaTuuKanus: Oakanasp
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

VYK-6.1 Ormpenenser npUOPUTETH  MPOdheCcCHOHATBHON
NEeSITEeIbHOCTA W CHOCOOBI €€ COBEpIICHCTBOBAaHUS Ha

VK-6 CriocobeH ynpaBisiTb CBOUM BpEMEHEM, |OCHOBE CAMOOLCHKH

BBICTPAUBATh U PEAIN30BBIBATH TPACKTOPHUIO VK-6.2 Cnoco0eH  MIaHUPOBAaTh  CaMOCTOSTEIbHYIO
CaMOpa3BUTHs HA OCHOBE IIPUHIIMUIIOB NEATEIbHOCTh B PEHIEHUM TNPOPECCHOHATIBHBIX 3a7au;
00pa3oBaHUsl B TEUEHUE BCEH KU3HU HOZBEPraTh KPUTUYECKOMY aHaJIM3y HPOJEIaHHYIO PaboTy;

HaxXoOuTb U TBOPUCCKH HCIIOJIb30BATH HWMEIOIIUICS OIBIT B
COOTBCTCTBUH C 3a/la4aMU CaMOPA3BUTHA

OIIK-1 CnocobeH npuMeHSTh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B HaMeyJaTh MyTH €€ peIeHUs

oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIC PACUETHl M OLICHKH

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3YIBTATC UBYUCHUA NUCIIUIIIINHBL <(HpaKTI/I‘{eCKI/Ie MCTOJbI PCIICHUA CUCTCM ypaBHeHHﬁ)) O6y‘laIOHIHI>'IC$I
JOJIKCH:

3HATh:
[J MecTo U poJib OOIIMX BOMPOCOB HAYKU B HAYYHBIX UCCIICAOBAHUSIX;
[l coBpeMeHHbIC TPOOIEMBl BBIYUCIUTENBHOI MaTeMaTHKH;
O HOBEHIIME 4YHUCIEHHbIE METOAbl A(PPEKTUBHOIO pelIeHUs] OONBIIMX CHCTEM, IMOPOXKAAEMBIX
3a7ia4aMy MaTeMaTHuecKoil pu3nky;
[J mocTaHOBKY IpoOieM MOAETUpOBaHUs (PU3NUYECKUX MTPOLIECCOB;
(] 0 B3aMMOCBA3SIX U (DyHIaMEHTAIBHOM E€JMHCTBE €CTECTBEHHBIX HayK.

yMeThb:
[l 3¢ }eKTUBHO UCTIOIB30BaTh HA MPAKTHKE TEOPETHYSCKIE KOMIOHEHTHI HAYKH: TIOHATHS, CYXKICHHS,
YMO3aK/IIOUEHHsI, 3aKOHBI;
[l mpeacTaBUTh NAaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
[J paboTarh Ha COBPEMEHHOM KOMIIBIOTEPHOM 000PYI0BaHUM;
[l abcTparupoBaTbCsi OT HECYIIECTBEHHBIX BIMSHUA NMPU MOICIUPOBAHUHM PEATBHBIX (PH3MYESCKHX
CUTYaLUiI;
[]  TOJNB30BaThCS CIPABOYHOM JHMTEPATypoll HAyYHOTO M TPHUKJIAJTHOTO XapakTrepa sl OBICTPOro
MONCKA HEOOXOIMMBIX MAaTeMaTHUECKUX U (PU3NYECKUX JAHHBIX U TIOHATHI.

BJIA/IETh:
[ IUTaHUPOBAaHMEM, IOCTAHOBKOW M 00Pa0OTKOM Pe3yIbTaToOB YHCIEHHOTO IKCIICPUMEHTA;
0 HaBBIKAMH CaMOCTOSITEIbHON paboThl B J1a0OpaTopuy Ha COBPEMEHHOM KOMITBIOTEPHOM
000pyI0BaHNH;
[J HaBBIKAMH OCBOCHHS 0OJIBIIOTO 00bEMa HHOpMAITHH;
[} KyJbTYpO# MOCTAaHOBKU M MOACIHPOBAHUS (PH3HUECKHUX 3a/1a4.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromUMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs 110 TEME MPOIUION JICKIUU UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

1. Brictpoe npeoOpazoBanue Dypre.
2. MapiueBblii METONI, YACTUYHBIC 3aa4U.



Meron HUKINYECKOW pEAYKIMHU KAK ABYXCETOYHBIN METO,.

BeicTpelii npsimoit meTon. IlapajutensHas peanuszanusi.

HTepanunonHble POIeCcChl B HOANPOCTpaHCTBaX. MeToabl (PUKTUBHBIX KOMIIOHEHT.
Mertox (PMKTHBHOTO NMPOCTPAHCTBA.

[Monmpoctpanctea KpsimoBa. CriekTpaibHas TEOPUS CXOJUMOCTH.

e A S

MeTtoz conpsiKeHHBIX TPaJUeHTOB.
9. MeToa MUHUMAJILHBIX HEBS30K.
10. BapuanTbl 00001IEHHOTO METO/Ia MUHHMAJIHHBIX HEBSI30K.

11. Teopema o 3amonHeHHH B MeToae uckimodeHus ['aycca. Teopema 0 MUHMMAaNbHOM Cemaparope.
Merton BIOXKEHHBIX paccedyeHuid. MeTol MUHUMAJIbHOU CTETICHHU.

12. ®poHTaNnbHBIE METOABI.
13. brounsle iepeoOycaBIMBaTEIN IS CEIIOBBIX MATPUIL.

14. HenonHoe TpEeyroibHOE PA3IOKEHUE MO MO3UIHAM, YaCTHYHOE TPAaH3UTHBHOE 3aMbIKaHUE Tpada,
KOMIIEHCALHS.

15. HenosHOE TpeyroibHOE pa3iokKeHNe 0 3HAYSHHSIM.

16. HenoiHOE TpeyroyibHOE pa3iiokeHHne BTOPOTO MOPSIKa.

17. CxomuMoCcTh MHOTOCETOUHOTO MeToaa (W-1TukiI).

18. Teopema o nmpoJoHKEHUU U Teopema o cienax. YpasHenue [lyankape-Crexinosa.
19. TlepeobOycnanuBarens Hetiman-/Iupuxiie, cHMMETpUYHAs U HECUMMETPUYHAS BEPCHU.
20. Meton llIBapuia. AnautuBHbiil meton [Bapiia.

21. Teopust cxonumocTtu MeTona HerotoHa.

22. Hetounslit MeTox HproTOHA perieHust HETUHEHHBIX CUCTEM.

23. Meton Hrrotona-Kpsuiosa.

24. Meton bpoiinena.

[TpumMepHbIil TepedeHb OUIIETOB:

buner Nel

1. beictpoe nipeobpazoBanue Dypoe.

2. Herounsrit Meton Hpi0TOHA pelieHrs HETHHEWHBIX CHCTEM.

buner Ne2

1.Metop lIBapua. AgautuBselit Metox LlIBapia.

2. beictpriii psimoii Metof. [lapannenbHast peanu3anusi.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW IPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIYOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka ommyHO § OamioB - BBICTAaBIIIETCS CTYICHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3aj]lad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.
Onenka xopoio 7 0aioB - BRICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, ymMeer IPUMEHTh I0JlyuY€HHbIE 3HaHMS Ha IPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Ouenka xopoio 6 6ajIoB - BBICTaBISAETCS CTYIACHTY, €CIIM OH TBEPJO 3HAET MaTepHaj, IPaMOTHO H I10
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh MOITY4YCHHbIC 3HAaHHUSI Ha NIPAKTUKE, HO JOMYCKAeT B OTBETE
WM B PELIEHUH 3374 HEKOTOPblE HETOYHOCTH.
Onenka Xopomio 5 6ayuIoB - BBICTABISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MaTepuall, FPaMOTHO
U IO CYILECTBY MU3JIaraeT €ro, yMeeT IIPUMEHATh IOJIYUYEHHbIE 3HaHMUs Ha IIPAKTHKE, HO JIOIYCKAaeT B
OTBETE WJIH B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.



OueHka yIOBICTBOPHTENbHO 4 Oamga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 Oajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJNbIICH YacTH
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHKa HEYIOBIETBOPUTEIBHO 1 0aml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpems npoBeaeHus 3auera o0ydaromuecss MOryT IOJIb30BaThCs MPOTPaMMON TUCLMILIMHBL, a TAKKe
CIIPABOYHOM JIUTEPATYPOM, BEIYUCIUTEIIBHOW TEXHUKOM.

JupdepeHnrpoBaHHBIA 3a4e€T MOXKET HPOBOIUTHCSA II0 HMTOraM TEKyIIeH YCIEeBaeMOCTH M CIa4H
3aJaHui, WK IIyTEeM OpraHU3alyy CIeHUaIbHOTO ONpOoca, MPOBOAUMOIO B YCTHOM (hopme.



