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PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

1. HAUMEHOBAHUE JUCIUIIJIMHBI
MeTo 1 KOHEUHBIX 3JIEMEHTOB
2. YPOBEHbD BBICHIET'O OBPA3OBAHUA

IToaroroska HAYYHO-IICAAarOrn4CCKUX KaJpoOB B MAruCTparype.

3. HAITPABJIEHUE INIOATI'OTOBKHU, HAITPABJIEHHOCTbD (ITPO®NUJIb) TIOAI'OTOBKHA

Hamnpasnenune 02.04.02 ®dynaamenTanbHas nHbopMaTika U HHOPMAIMOHHbBIC TeXHOomoruu. Hanpasinennocts (poduib) «CynepKoMITbo-

TEpHBIE TEXHOJIOTHH U (yHAaMEHTaTbHas HH)OPMATHKA.

4. MECTO JUCHUILIUHBI B CTPYKTYPE OCHOBHOI OBPA30OBATEJIBHOM MPOT'PAMMBI

JlucuuriivHa BXOAUT B BAPUATUBHYIO YacTh MAarucTEPCKON 00pa3oBaTeIbHON MPOrPAMMBI (AUCIHUILIHHA ITO0 BBIOOPY CTYIEHTA).

5. IEPEYEHb IINTAHUPYEMBIX PE3YJIBTATOB OB YYEHUSA

JucnurnnuHa yqyacTByeT B (GOPMUPOBAHUU CIIEIYIONINX KOMIIETEHIIUNA 00pa30BaTeIbHON MTPOTPaMMBI.

dopmupyembie KOMNETEHIIHMU

Ilnanupyemble pe3ybTaThbl 00yUeHUsI

Hcnons30BaTh COBpEMEHHBIE YHCICHHBIC H aHATUTHUECKHE METOIBI JIISI
pEIICHUS 3a/1a4 MaTeMaTHUECKON (PU3KKHU, areOpbl, HHTErPATbHBIX U
muddepeHIManbHBIX YpaBHEHHUH, B TOM YHCIIE JUTS PEIICHHSI MHOTOMEp-
HBIX 3371a4 MEXaHUKH U JIEKTPOJINHAMHUKH CIUIONIHBIX CPEJl, TEIIOMAcC-
comnepeHoca, KOHBEKIMU-TU(PPY3UU U B IPYTUX, IPAKTUIECKU HHTEPEC-
HBIX, o0nmacTsax (MKII-2).

31 3nark:

OCHOBHBIE MOJXO/IbI K MOCTPOEHHIO paGOTOCIIOCOOHBIX CXEM METO/1a KOHEUHBIX
3JIEMEHTOB

V1 Ymers

[TpaBWIBHO CTaBUTH 3a/1a4M, TPEOYIOIIHE PEIICHHUS, M AaHATU3UPOBATH I10-
TpeOUTENbCKUE KaueCTBa KOHEYHOMEPHBIX MOAeNei

B1 Bnanets

Teopueil 1 MPaKTHUKON MOCTPOCHHSI METOI0B KOHEYHBIX AJIEMEHTOB

Pa3zpabareiBaTh ynciaeHHBIE METOABI pelieHus AU depeHITnaTbHBIX
YPAaBHEHUH ¢ YaCTHBIMU IIPOM3BOIHBIMU U UHTETPAIbHBIX YPAaBHEHU,
BapHaIMOHHBIC U ONTHMHU3AIMOHHBIC YACICHHBIC AJITOPUTMBI C 3a/1aH-

31 3uars:
OcOoOEHHOCTH OCTPOEHUS KOHEYHO-3JIEMEHTHBIX METOIOB [UIsi OCHOBHBIX KJjIac-
COB 3aJ1au MaTEMATHIECKON (PU3UKU




HeiMu cBoiicTBamu (MKII-3). V1 Ymets

CTpouTh KOHEYHO-3JIEMEHTHBIE AITOPUTMBI JJI1 TAITUYHBIX KJIACCOB 3a-
a4

B1 Bnanets

MaremaTruecKuM anmnapaToM MOCTPOSHUSI KOHEUHO-3JIEMEHTHBIX aJro-
PUTMOB Ha IPAKTHKE

OrneHOYHBIE CPEICTBA JIs MPOMEXKYTOUHON aTTECTAllMU NTpUBeaeHBI B [IpunoxeHun.

6. OBPbEM JUCIUIIJINHbI

O0BeM IUCIUIUIMHEI COCTABIAET 3 3aUeTHBIE eAUHUIBI, Bcero 108 vacos.
36 yacoB COCTaBIIIET KOHTaKTHast paboTa C MperogaBaTesieM.
72 daca coCTaBJIsIeT cCaMOCTOATEIbHAs paboTa yJalerocs.

7. BXOJAHBIE TPEBOBAHUA IJ151 OCBOEHUSA JUCIHUITIJIMHbI

VYuyamuecs: JOKHBI BIIaIeTh 3HAHUSMU 110 MaTeMaTUYECKOMY aHalIM3y, JIMHEHOH anrebpe, AuddepeHnnanbHbIM ypaBHEHUIM, () yHKIIMOHAb-
HOMY aHaJIu3y, YNCICHHBIM METOaM.

8. OBPA3OBATEJIBHBIE TEXHOJIOT'UHN
B npouiecce o0yuenust ucnonbp3yercst 3J1eKTpoHHas Bepcus yueoHoro nocobust B.b. Anapeesa «Jlekunu no MeTony KOHEUHBIX 3JIEMEHTOB).
9. COAEP) KXAHME JUCHUIIJIMHbI

B kxypce naercst u3noskeHrue OCHOBHBIX KOHIEINI MeToaa KoHeuHbIX 35ieMeHToB (MKD). 3nece MKD TpakTyercs Kak crienualibHas «Kycod-
Has» peanusaius Metona ["anepkuna; 6osee MUPOKUE TPAKTOBKU ITOTO METO/1a MPUBJIEKAIOTCS JIUILb JUIsl aHATM3a KBAJAPATYpPHBIX CXEM U MPH H3yde-
HUH M30TM1apaMeTPUUEeCKOl TEXHUKH. Bce OCHOBHBIE MOHATHS CHavajla U3JIaraloTcsl Ha MpUMepe CMEIIaHHON KpaeBoH 3a71ayu sl OOBIKHOBEHHOT'O JIH-
HelHoro auddepeHnnaIbHOro ypaBHEHUSI BTOPOro nopsaka. PaccMaTpuBaroTcsi Kak TEXHOJIOTHYECKHE BOMPOCH! peaTn3alui METo/a, TaK U MaTeMa-
THUYECKOE 0OOCHOBAHUE €r0 CXOAUMOCTH.

The course provides an account of the basic concepts of the finite element method (FEM). Here the FEM is treated as a special "piecewise” implemen-
tation of the Galerkin method; more extensive interpretations of this method are used only for the analysis of quadrature schemes and in the study of




isoparametric techniques. All the basic concepts are first clarified on the example of a mixed boundary-value problem for an ordinary second-order lin-
ear differential equation. Both technological issues of method realization and mathematical justification of its convergence are considered.

HanmeHnoBaHue u Kpar- Bcero B ToM uucne
KOe coJiep:KaHue pasje- ("acwi)
JIOB ¥ TeM JHCHHILIHHBI, KonrakTHasi paGora (paGoTa Bo B3auMojelicTBuM ¢ npenoaasa- | CamocrositesibHasi pa6oTa y4yamiero-
(l)opMa HpOME)KYTO'lHOﬁ TEJIEM), Yachl Csl, YaChl
aTTecTAllMU 0 JUCIMII- U3 HUX U3 HUX
JIMHE
o . . YuebOnrle 3audaTusg, | Beero Brimonmaenue | Ilogroropka | Beero
é % = HallpaBJICHHbIE HA JIOMAIIHUX pedeparon
z =2 Q;; 2 MIPOBE/ICHHUE TEKY- 3aIaHuI U T.II..
=t = S i S | IWero KOHTpOns yc-
X z ) ; S | IeBaGMOCTH: KOJI-
= t o § 5 § | JIOKBHYMBI, IPaK-
= - 3 = = =| £ S, | THueckue KOH-
z E z = > 5 = = TPOJIbHBIE 3aHATHUSA
5 | &2 |FEEE,
Ap.
Tema 1. OT K1aCCHYECKO-
ro peuieHusi K 000011eH-
HOMY
JIByxTOUeuHas KpaeBas
3amaya. Knaccuueckoe pe-
LIeHUE. Y CIIOBHS pas3pe- 7 3 ) ) ) ) 3 4 ) 4
ITUMOCTH ¥ € TMHCTBEHHO-
ctu. O0001IeHHBIE (QYHK-
MU 1 0000IIICHHBIE TIPO-
W3BOJIHBIE.
Pemenue nmoutu Bcrogy.
Crydaii pa3pbIBHBIX KO3(-




¢dunmeHToB. 3aa4a 0 MU-
HUMYMeE KBa/IpaTHYHOTO
(byHKIMOHATA U BapUaIy-
OHHas 3a7ay4a.

O06001IEeHHOE pelIeHue.
I'maBHEIE U ecTECTBEHHLIE
rpaHUYHbIE YCIOBUA. Y C-
JIOBUA Ha pa3pbIBeE.

Tema 2. MeToanl Putna,
l'anepkuHa ¥ KOHEYHBIX
3JIEMEHTOB.

Mertonbl Putna u I'anep-
kuHa. [IpocTpancTBO KO-
HEYHBIX 31eMeHTOB. Ko-
HEYHOXJIEMEHTHAsI alMpoK-
CHMaIMs Ha JINHESHHBIX
DJIEMCHTAX.

Heoxnoponusie rpaHuyHbIE
YCIIOBUS IEPBOTO POJA.
IIpocTpaHCcTBO KYyCO4YHO-
KBaJPAaTUYHBIX 3JIEMEHTOB.
Martpuisl )k€CTKOCTH U
Macchl. Bektop Harpysku.

Kycouno-kBagpaTuuHbie U
KyOn4ecKkre 3pMUTOBBI
3JIEMEHTEL. 3azada 00 u3-
rube Oankw.




MeTo KOHEUHBIX JIEMEH-
TOB JUIsl CUCTEM YPaBHEHUU

Tema 3. Texnojiorus
MKD.

3ajayua o pacTsHKEHUU
cTepxHs. Martpuia QpyHk-
it popMel remMenTa.
Bexrop Harpysku. Matpu-
11a )KECTKOCTH 3JIEMEHTA.
Marpuia KUHEMaTH4eCKUX
CBA3EH.

Co6opka. 'mobanbHbIE MaT-
pHIIa KECTKOCTHU U BEKTOP
Harpy3ku. CHaTue «daax-
KOB». CBSI3b C METOJIOM
KOHEUYHBIX Pa3HOCTEN.

Tema 4. Ypasuenue Ily-
aCCOHA B MHOTOYI0JIbHH-
Ke.

TpuaHryssius MHOTO-
yrojapHUKa. TpeyronbHeie
KOHEYHEBIE 3JIEMEHTHI. ba-
PHULIEHTPUYECKHE KOOPIU-
HAaTEL.

Marpuiia 5K€CTKOCTH 1

10




BEKTOp Harpy3Ku Tpe-
YTOJBHOTO JTMHEHHOTO KO-
HEYHOrOo 3JIeMeHTa. lHBa-
PHUAHTHOCTh MaTPHIIBI JKe-
CTKOCTH 110 OTHOIIICHHIO K
PaCIIOJIOKEHUIO JIEMEHTA
Ha Tutockoctr. COopka.
CBs3b ¢ pa3HOCTHBIMU
CXeMaMH.

KBanpaTtuunble u kyouu-
HbIE KOHEYHBIE 3JIEMEHTBHI.
Martpuna KeCTKOCTH Tpe-
YTOJIBHOTO KBaJPAaTUYHOTO
anemeHTa. [IpsamoyronapHbie
KOHEYHBIE DJIEMEHTBHI.
Martpu1ia xecTkocTu ou-
JIMHEINHOT O JIEMEHTA.

Tema 5. DnemeHTHI TEO-
PHMM MHTEPIOJISIMH B
npocrpancrBax Coboe-
Ba.

OneHka J1arpankeBoil HH-
TEPHOJSAUN B IPOCTPAHCT-
Bax HENPEPHIBHBIX U HE-
pepbIBHO AU depeHin-
pyembIx QyHKIHH. OneHKH
JIMHEWHON UHTEPIOIALNN B
L 2 u H"I Ha oTpeske.

OneHka norpemHocT uH-




TEPHOJISIIIUK MHOTOUJICHA-
Mmu K-oii crerrenn B HS.
OKBUBaJIEHTHAs: HOPMHU-
POBKa IPOCTPaHCTBA
H”s(0,1).

Bropas sxBuBanieHTHas
HopmupoBka H”s(0,1) u
H”s($\Omega$). Anmpok-
CHUMAIIIOHHBIE CBOMCTBA
KOHEYHOIJIEMEHTHOTO TPO-

crpancta S*h_{3,1}.

Tema 6. CxonuMoCTh
MKD.

ATIpHOpHBIE OLIEHKH pelie-
uus B H”S(0,1). Ouenka
CKOPOCTH CXOJIUMOCTHU
MKD B 3HEpreTndeckon
Hopme. Cxoqumocts B L_2.

HeraTuBHble mpocTpaHCcTBa
H”{-s} u ux HOpMHUpOBKa.
Cxomumocts MKD B HM-
Ss}. CymepcxoanuMocThb
MKD B y3nax. PaBHOomED-
Hasi CXOJJUMOCTb.

OneHka UHTEPIIONIALINY Ha
TPEYTOJILHOM JIEMEHTE.
YcnoBue perysspHOCTH




Tpuanrysuuu. Cxonu-
Moctb MKD B ciiydae oji-
HOPOJHOM 3anaun upuxie
1t ypaBHeHus [lyaccona B
BBIITYKJIOM MHOTOYTOJIbHU-
Ke.

Tema 7. CxeMBbI ¢ YHC-
JIECHHbIM MHTErpupoBa-
HHEM.

ITocTtanoBka 3amaun. Ycio-
Bue H"h srmnTuynocTr
BO3MYIIEHHOM KBaJpaTUy-
HOU popmsbl. [IpocTeitmas
OLIEHKa TOYHOCTHU P BO3-
MYIICHUH OMJIMHEHMHON

(bopMBI.

[lepBas nemma Ctpenra.
Jlemma Bbpamb6na-I'un6epra.
Hcnons3oBanue kBajgpa-
TypHOU (OPMYIIBI IJIs arl-
MPOKCUMAIIUY OMIIMHEHHON
1 muHenHoM gopm. OueHka
TOYHOCTH KBaJpaTypHOU
(hopMyIIBI HA PJIEMEHTE.
JlocTatouyHbl€ YCIOBHS IS
HAh-3mmnTiaHOCTH KBAI-
paTypHOM KBaJpaTUYHON

(hopMmBI.

10

10




Onenka TouHoctu MKO ¢
YHMCJICHHBIM HHTEIPUPOBA-
HUEM B DHEPreTUYECKOMN
HopMe. OLICHKH TOYHOCTH
B ciabbIx HopMax. [Ipume-
PBI KBaZpaTYpHBIX (HopMyI
U KBaJIpaTypHBIX CXEM.
CpaBHEHHE C METOZIOM KO-
HEYHBIX Pa3HOCTEH.

Tema 8. /IBymepHbIe 3a-
JAa4M B 00J1aCTSAX C KPHU-
BOJIMHEHHOM I'paHuLei.

[Ipocreiimas anpokcuma-
LM KPUBOJIMHEWHOU Ipa-
HUILIBI U €€ BIMSIHUE Ha
TOYHOCTb KOHEUHO)JIE-
MEHTHOTO pemenus. Kean-
paTU4HbIEC TPEYTOJIbHBIE
2JIEMEHTHI B KPUBOJIMHEM-
HOM o0nacTu.

N3omapamerpuyeckue Ko-
HEYHbIE JIEMEHTHI. Tpe-
YTOJIBHBIE DJIEMEHTHI C OJ1-
HOM KPUBOJIMHENHON CTO-
ponoii. Kycouno-
KBaJIpaTH4YHAas alllPOKCH-
Malusi TpaHUIbl IPU KBaAJ-
paTUYHBIX KOHEYHBIX 2JIe-
MeHTax. HeBbIpoxien-

11




HOCTh SIKOOMaHa NP KBa/I-
paTUYHOM Tpeodpa3oBa-
HUU.

N3omapamerpudeckue ye-

TBIPEXYI'OJIBHBIC 3JICMCHTHI.

YcnoBue HEBBIPOKIACHHO-
CTH OMJIMHEHHOTO Mpeoo-
pa3oBaHusl.

Heonunoponnas 3agaua /{u-
pUXJie B MHOTOYTOJIbHHKE.

Tema 9. lanbHeiimme
00001IeHNS.

3ajauu ¢ HETJIAKUMU pe-
IIeHUSIMH. 3a/1a4i B HEBBI-

IMYKJIBIX MHOT'OYT'OJIbHUKAX.

AnpUOpHOE CTYIIEHUE CeT-
KH K OKPECTHOCTH BXO/I -
[IUX yIJIOB. AJJTUTUBHOE
BBIJICICHHE OCOOCHHOCTEH.
YcnoBus cornacoBaHusl.

ITonynuckpernenii MKO
JUTSI HECTAIIMOHAPHBIX
ypaBHeHul. MaTpuna mac-
cbel. Mcrmons30BaHue METO-
noB Pynre-KyrTel nis
MOJTHOM AUCKPETU3ALIMHT
3aJ]a4H.

10
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CmemanHbIe BapHaLlMOH-
HbIEe (POPMYITUPOBKH U UX
auckperusanusi. Cxoau-
MOCTb IPUOIMKEHHOTO
peuienus. TpyaqHOCTH TIpH
OTBICKAaHUH PEIICHUS 10~
JTy4uBIIeiCs anreOpanye-
CKOM 3a1a4u.

OcobeHHOCTH TIPUMEHEHUS
MKD k 3agauam ¢ npeo0-
JaJaroeN KOHBEKIUen
(CHMHTYISIPHO BO3MYILICH-
Hble 3a1a4n). [TonsiTue o
paspsiBHOM MeToze ["anep-
KHHA.

IIpomexyTounas aTre-

cTanus — 34 . . 2 - - 2 32 - 32
HHIMBHAYaJbHOE codece-

JA0BaHHUe

Hroro 108 36 72

10. YYEBHO-METOANYECKHUE MATEPHAJIBI V11 CAMOCTOATEJIbHOM PABOTHI YYAIIIUXCS

CamocTtosTenbHas paboTa yqaluxcsi COCTOUT B U3YUEHUH JIEKIIMOHHOTO MaTepuaia, y4eOHO-METOJUYECKON JTUTepaTyphl, MOATOTOBKH K Mpak-
TUYECKUM 3aJaHMSIM TEKYIIET0 KOHTPOJISA ¥ MPOMEKYTOYHON aTTECTAllUU.

11. PECYPCHOE OBECIIEYEHUE

OcHoBHas yueOHO-MeToinYecKas JUTeparypa
13




1)
2)
3)

1)
2)

3)
4)

1)

© ® N o g~ wDd P

10.
11.
12.

AnnpeeB B.b. Jlekiiuu o MeToly KOHEUHBIX 37eMeHTOB. YueOHoe nocobue. M.: MAKC Ilpecc, 2010.-264 c.
Haytos P.3., Kapuesckuit M.M. Beenenue B Teoputo MeTo1a KOHEUHBIX 3sieMeHToB. Kazanb: KI'Y, 2011.-238 c.
Chapie @. MeTo1 KOHEYHBIX JIEMEHTOB JIJIS DJUTMNITHYECKHX 3a1a4d. M.: Mup. 1980.-512 c.

JlononuurenbHas yueOHO-METOAUYECKAs JIUTEpaTypa

Bacunesckuii }FO.B., JlanunoB A.A., Jlunaukos K.H., Uyrynos B.H. ABToMatn3nupoBaHHbI€ TEXHOJOTMHU MTOCTPOCHUSI HECTPYKTYPUPOBAHHBIX
pacuetHbix ceTok. M.: DUSMATIIUT, 2016.

Haytos P.3. IlporpammupoBanne MKO B MATLAB. — Kazaunb: U31-80 KOV, 2010. — 71 c.

Brenner S.C., Scott L.R. Mathematical Theory of Finite Element Methods. New York: Springer Science+Business Media, 2008.—397 p.
Johnson C. Numerical solutions of partial differential equations by the finite element method/ Cambridge-New York: Cambridge University
Press, 1987.-278 p.

Pecypcm I/IH(l)OpMaLII/IOHHO-TeHeKOMMyHHKaHHOHHOﬁ CCTN «I/IHTepHeT»
https://courceforge.net/projects/ani2d/

WNHdpopMalinoHHbIE TEXHOJIOTHH, UCTIONb3YEMbIE B IpoLiecce 00yueHHs

IlepeyeHb MPOrpaMMHOIo obecredeHus

[Tporpammusiii mpoaykt Red Hat Enterprise Linux Server for HPC Compute Node for Power, LE, Self-support
I[Tporpammusiii mpoaykt Red Hat Enterprise Linux Server for HPC Head Node for Power, LE, Standard
Oneparnnonnas cucrema SUSE Linux Enterprise Server 11 SP4 for x86_64

Onepanuonnas cuctema Red Hat Enterprise Linux Server 5.0 for x86_64

Onepanuonnas cuctema SUSE Linux Enterprise Server 10 SP3 for ppc64

Onepanunonnas cucrema Ubuntu 18.04.

[Iporpammuoe obecneuenue g Buptyanusanuu Oracle VM VirtualBox

Oneparnuonnas cucrema ALTLINUXMATEStarterkit 9 nmunensusGPL

[Mporpammusnii npoxykt JetBrains IntelliJ IDEA Community Edition Free Educational Licenses
[Mporpammusiii npoxykt JetBrainsPyCharm Community Edition Free Educational Licenses
[Mporpammusnii npoxykt JetBrainsCLion Community Edition Free Educational Licenses
Iporpammustii mpoaykt UPPAAL (http://www.uppaal.org/) akamemudeckas JIMIEH3US

14



13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23.
24,
25.
26.

a e

[Tporpammusrii mpoaykT Java 8 (64-bit)Oracle Corporation

[Mporpammusrii mpoaykt Java SE Development Kit 8(64-bit) Oracle Corporation
[IporpamMMHBIil IPOTYKT NetBeans IDE 8.2 NetBeans.org

[Tporpammusrii mpoaykT Dev-C++ Bloodshed Software

[Mporpammusrii mpoaykTCodeBlocksThe Code::Blocks Team

[Tporpammusiii ipoaykt Free Pascal 3.0.0Free Pascal Team

[IporpaMMHBIN TPOIYKT Python 3.5.1 (64-bit)Python Software Foundation
ITporpammusiii ipoaykt R for Windows 3.2.2 R Core Team

IMporpammusiii mpoayktHaskell Platform 7.10.3 Haskell.org

Onepannonnas cucrema Microsoft Windows 7 kopriopaTuBHas akageMudecKast THIECH3HSI
Onepanmonnas cucrema Microsoft Windows 10 Education akagemudeckas JULieH3Us
ITporpammusiii mpoaykt Microsoft ProjectProfessional 2013 akagemuueckas muieH3us
[porpammuslii mpoaykt Microsoft VisioProfessional 2013 akanemudeckast TUIICH3HS
[Mporpammusiii npoxykrMicrosoft VisualStudioProfessional 2013 - RUS [Pycckuii (Poccust)] akagemuueckast JTUICH3HSI

Ilepeyenb npodeccnoHAIbHBIX 023 JTAHHBIX U HHPOPMANUOHHBIX CIIPABOYHBIX CHCTEM

http://www.edu.ru — mopran MuHnrcTepcTBa 00pa3oBanusi U Hayku PO

http://www.ict.edu.ru — cucrema ¢enepanbpHbix 00pa3oBateabHbIx mopTaioB «MKT B o6pazoBanum»
http://www.openet.ru - Poccuiickuii mopTran OTKphITOr0 00pa3oBaHUsI

http://www.mon.gov.ru - MunuctepcTBo 00pa3zoBanus U Hayku Poccuiickoit denepanuun
http://www.fasi.gov.ru - denepaibHOE areHTCTBO IO HAYKE M MHHOBAIIUSIM

MATEPHUAJIBHO-TEXHUYECKAS BA3A

Jlnis mpenogaBaHus JUCUUIUIMHBL TpeOyeTcs Kilacc, 000pyI0BaHHBIA MHTEPAKTUBHOM MM MEJIOBOW JOCKOM U CpeCTBAMH UHTEPAKTUBHOW BUIEO-
TPaHCIALUY.
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12. A3BIK IPEIIOJJABAHUS
Pycckuit
13. PABPABOTYMK ITPOI'PAMMBI, ITPEIIOJIABATEJIb

1.¢.- M.H., podeccop AuapeeB Bragumup bopucorud
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OIIeHO‘lHLIe cpeacrea nJis HpOMe)KyTO'lHOﬁ aTTecTAllMY N0 JUCHUILINHE «MeTo KOHEYHBIX 3JIEMEHTOB»

HpOMe)KYTO‘-IHaSI arrecranus COCTOUT U3 MHAUBHUAYAJIBbHOI'O CO6CC€I[OB8,HI/I$I, IPOBECPAOUICTO HpI/IO6p€T€HHBIe 3HaHWA.

CpeI[CTBa JJI1 ONCHUBAHUA MJIAHUPYCMBIX PE3YJIbTATOB O6y‘-I€HI/ISI, KPUTCPUH U IIOKA3aTCIIM OLUCHHUBAHUA TPHUBCICHBI HUKC.

pnioxenne

PE3YJIBTAT KPUTEPUMU u IIOKA3ATEJIM OHEHUBAHUA PE3YJIBTATA OBYYEHUSA OIEHOYHBIE
OBYYEHUA U3 COOTBETCTBYIOIIMX KAPT KOMIIETEeHIUH CPEACTBA
1 2 3 4 5
Heynose-
HeynosierBopurelib-
TBOPHUTEIb- 1o YaoB1eTBOPUTEILHO Xopowo OT1aunyHo
HO

3HaTh: OtcyrctBue | @parmentapusle npea- | B nenom copmupo- | ChopmupoBanssie, Ho | ChopMHUpOBaHHBIE UHIVBUAYaJIb-
OCHOBHBIE TO/I- | 3HaHUH CTaBJICHUs 00 OCHOB- BaHHbIE, HO HEMOJIHBIE | CO/EpKALLUE OTAENb- | CUCTEMATUYECKUE HOe cobeceno-
XOJIBl K I0- HBIX TIOJX0Jax K I0- 3HaHUS 00 OCHOBHBIX | HbIe MPOOEBl 3HAHUS | 3HAHUS 00 OCHOBHBIX BaHUE
CTPOEHHIO pa- CTPOEHHIO pabOTOCHO- | MMOAXO0JAaX K IOCTpoe- | 00 OCHOBHBIX MOJXO- | MOJAXOJaX K  IO-

6oTOoCcnoco0- COOHBIX CXEM METO/a HUIO pabOTOCIOCOOHBIX | JaX K IOCTPOEHUIO | CTPOEHUI0  paboTo-
HBIX CXEM Me- KOHEYHBIX JIEMEHTOB CXEM METOJa KOHEUHBIX | pab0TOCIIOCOOHBIX CIIOCOOHBIX CXEM Me-
TO/1a KOHEYHBIX JJIEMEHTOB CXEM METOJa KOHEY- | ToJa KOHEYHBIX JJIe-

AJIEMEHTOB HBIX JJIEMEHTOB MEHTOB

Ymetp OtcyrctBue | @parmentapHsle yme- | B ienom chopmupo- Ccdopmuposannoe, Ho | ChopMHupoBaHHOE WUHIUBUAYaJIb-
MIPaBUJILHO YMEHHH HUS IPaBUIIBHO CTa- BaHHOE, HO HE CUCTe- coJiepiKaliee OTAeNb- | CHCTEeMaTH4ecKoe HOe cobeceno-
CTaBUTb 3a/1a- BUTH 33/1a4M, TpeOylO- | MaTHUYECKOe yMEHHe HbI€ IPOOeNbl yMEHHE | YMEHHE MPaBUIbHO BaHUE

4u, TpeOyromiue 1€ pelieHus, U aHa- MPaBWJIbHO CTaBUTH 3a- | MPABUJIBHO CTaBUTH CTaBUTh 3aJa4H, Tpe-
pelieHus, u JU3UPOBATh MOTPeOu- nauu, TpeOyrolye pe- | 3a1auu, Tpedyromue Oyrolye pemeHus, u

aHaAJIM3UPOBATh TEIbCKUE KaUeCTBA KO- | LIEHUS, U aHATU3UPO- pellleHus], ¥ aHaJU31- | aHAJIM3UPOBATh I0-

noTpeOuTeNb- HEYHOMEPHBIX MOJIENIeH | BaTh MOTPEOUTENILCKUE | POBATh MOTPEOUTENb- | TPEOUTENbCKUE Kaye-

CKHeE KayecTBa KauecTBa KOHEYHOMEp- | CKHME KauecTBa KOHEUY- | CTBa KOHEYHOMeEp-

KOHEYHOMED- HBIX MOJIeJeH HOMEPHBIX MOJIEIeH HBIX MOJIeen

HEIX MoJeiei

Bnanets OrcyrcTBue | ®@parMeHTapHOE Bia- B nennom chopmupo- Ccdopmuposannoe, Ho | ChopMHupoBaHHOE WUHIUBUAYaJIb-
TeOpUen U HaBBIKOB JICHUE TEOPHUEH U NPAK- | BAHHOE, HO HE CHCTe- coJieprKaliee OTAENIb- | CHCTEMaTHYeCKOe Hoe cobecelo-
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MPAKTUKOM MO-
CTPOEHUS Me-
TO/IOB KOHEY-
HBIX 3JIEMEHTOB

THUKOI IOCTPOCHUSA ME- MaTHYCCKOC BJIaACHUC HBIC np06enH BJIaac- BJIaJICHUC Teopneﬁ u BaHHUC

TOJ0B KOHCYHBIX dJIe- TEOPUEN U IPAKTUKON HUE TEOPUEU U NIpaK- | IPAKTUKOU ITOCTPOE-
MEHTOB IIOCTPOECHHSI METOJI0B THUKOHN IIOCTPOEHUS HUS METOJOB KOHEU-
KOHEUYHBIX 3JIEMEHTOB METO0B KOHEUHBIX HBIX 3JIEMEHTOB
JJIEMEHTOB

@oHIbI OLIEHOYHBIX CPEICTB

HpI/IMepHLIe MNPAKTHICCKUE KOHTPOJIbHBIC 3aIaHUA 1JISI TEKYHIECI0 KOHTPOJISA YCIIEBAEMOCTH.

Choucox BOIIPOCOB AJIsd HHAUBUAYAJBHOI'O coﬁeceuonaﬂl/m Ha l'[pOMC)KyTO‘IHOﬁ aTrTreCcranuu.

1)

2)
3)
4)
5)
6)

7)
8)
9)

3aaya MUHUMH3AIMH KBAIPAaTHYHOTO PyHKIIMOHAIA. BaprannonHnoe ypaBaeHrne. O0001IEHHOE peIleHue.

['naBHBIE U €CTECTBEHHBIE TPAHUYHBIE YCIOBHA. Y CJIOBHE Ha pa3pbiBe KOAPPUIIMEHTOB /Uil 0000IIEHHOTO PELICHHUS.

Mertoast Putiia u IN'anepkuna. Cucrema Putnia-I"anepkuna u ee pa3penmmMocTs.

MKDS mns O/1Y BTOpOro nopsiika Ha JTMHEWHBIX YJIEMEHTAaX.

MKD - uHX’eHepHBbIH MOIXO/I.

Marpuna KecTKOCTH U BEKTOP Harpy3kH 3j1eMeHTa. [ 1o0anpHble MaTpylla KECTKOCTU U BEKTOp Harpy3ku. MaTpuiia KuHemaTruye-
CKHX CBSI3EH.

TexHonorust cOopku. MaTpuia HHAEKCOB. YUeT rpaHUYHbIX yCI0BUH (CHATHE "(IaxxkoB").

Martpuiia )KecTKOCTH ¥ MaTpHIla MacChl KBaAPATUYHOIO AJIeMeHTa. BekTop Harpysku.

OpmutoB KyonuHslit anement. MKD it 3amaun 06 usrubde opyca.

10) MKD nj1st cHCTeMBI ypaBHEHHUIA.

11) bapunieHTpU4eCcKre KOOPIUHATHI U UX CBOWCTBA. VIHTErpupoOBaHUE 10  TPEYTOJIbHUKY OapUIIEHTPHUUECKOTO OJTHOUJICHA.
12) Marpwiia ’KeCTKOCTH U BEKTOP Harpy3KH TPEYroJIbHOTO JTHHEHHOTO 3JIEMEHTA.

13) lHBapnaHTHOCTH MaTPHIIBI )KECTKOCTH.

14) TIpumep cOOpKHU B TBYMEPHOM ClIydae.

15) TpeyrosbHbIE 3JIEMEHTBI BBICOKOTO TIOPSIIIKA.

16) ITpssMOYTOJIbHBIE DIEMCHTHI.

17) OcHoBHBIE cBO¥icTBa MpHOIMKEHHOTO penieHus. Jlemma Cea.

18




18) Orienka KBaapaTUIHOM (HOPMBI U COMYTCTBYIOIIHE OI[CHKH.

19) Onenka untepnossiuuu ¢pynkuuit w3 $H*2 (0,1)$ 8 $ L 2 (0,1)$ u B SHM1 (0, 1)$.

20) Onenka Tounoctd uHTeposuu Gyuxuii u3 $H”s (0,1)$.

21) DxBuBasieHTHas HopmupoBka $H”s (0,1)8$.

22) Bropas skBuBaneHTHas HopmupoBka $H”s (0,1)$.

23) Ornenka ckopoctu cxoaumoctd MKD B $H”1 (0,1)$ u B SL_2 (0,1)S.

24) HeratuBubiec HopMbl. Cxoaumocts MKD B $HM {-5}$.

25) Cynepcxonumocts MKD B y3nax.

26) Perymsipras Tpuanryssius. Cxogumocts MKD Ha TpeyroabHHUKaXx.

27) Jlemma Ctpenra. OOpaTHbIC HEpaBSHCTBA.

28) OtieHKa TOYHOCTH KBAAPATYPHOH (HOPMYIIBI, HCIIOIB3yEMOM IS BBIYMCICHHUS 3JIEMEHTOB MaTPHIIbI KECTKOCTH.
29) JlemMa 0 HEBBIPOXKICHHOCTH KBAJIPATHYHOMN (POPMBI, MOTYICHHOM C UCTIOIB30BAHUEM KBAIPATYP.
30) Teopema o cxomumocTu KBaapatypaoro MKD.

31) N3onapamerpuyeckue KBapaTHYHbIC KOHEYHBIC JJICMEHTBI.

32) BolurcieHrue MaTPHIIbI )KECTKOCTH H30MapaMeTPHUYECKOTO 3JIEMEHTa Ha PEIIEPHOM TPEYroJbHUKE.
33) M3onapamMeTprUUeCcKue YETHIPEXYTOIbHBIC DIEMEHTHI.

HpnMepnoe NMPAKTHIECCKO€ KOHTPOJBbHOC 3a/IJaHUEC AJIsL l'[pOMe)KyTO‘IHOi;I aTTeCTallum.

ITK3 ITA. Haiitu xoneunoanementHoe u3 $\tilde S*h$ pemrenne cnenyrorieii 3axaun:

$$ -u"=x, 0<x<1, u(0)=0, u'(1)=0,$$

rae $\tilde S*h$ ects mpocTpaHCTBO KYCOUHO-TUHEHHBIX, IMHEHHBIX HA

$[0, 1/2]$ una $[1/2, 0]$ HenpepsiBHBIX (HYyHKIUI, oOpainaromuxcs B Hy b mpu $x=08.

MeTtoauyeckue MaTepuaJbl /sl IPOBeJAeHUS NMPOLe1YyP OLleHUBAHMS Pe3y/1bTATOB 00y4YeHUs!

BrinonHenue AOMAaIIHUX 3aJaHUN JUIS TEKYILLET0 KOHTPOJIS YCIIEBAEMOCTH U DK3aMEHALIMOHHOIO 3aIaHUsl IIPOMEXYTOYHOIO KOHTPOJIS
OLICHMBAETCA MO NMATUOAIIBLHON cucTeme. VITorosas olieHKa BHIYMCIISETCS KaK cpe/iHee apu(MeTHYeCcKoe MOIyYeHHbBIX Pe3yIbTaTOB.
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