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HOACHUTEJBHASA 3AIINCKA

Hesu u 3axa4u y4eOHOM AU CHUTIIUHBI

Heap y4eOHOH AUCHMILUIMHBI — CO3JaHuE 0a3bl JJIsi OCBOCHHUS OCHOBHBIX
uJel U METOJ0B COBPEMEHHON MEXaHUKU U MaTeMaTUKH, TOJATOTOBKA BBICOKOKBA-
TU(GUIUPOBAHHBIX CIICIIMAIMCTOB, CIIOCOOHBIX CTaBUTh M PEIIATh 3aJadd M3 Pas-
JUYHBIX 00JacTel HayKU U TeXHUKU. DOpMUPOBAHUE YCTAHOBKHU HA TBOPUYECKYIO
po(eCcCCUOHANIBHYIO IEATEbHOCTD; Pa3BUTHE MPO(HECCUOHATBLHOTO MBIIIIJIEHUS, KO-
Topoe obecreunsio Obl OyayleMy CIEUATUCTY BO3MOKHOCTh CBOOOTHO OTIEpUPO-
BaTh NMPO(PECCUOHAIBHBIMU 3HAHUSIMU, BUJETh IPOOJIEMBbI U ONTUMAJIbHBIC ITyTH UX
pELIEHUS B CAMOCTOSTEIIbHON MPAKTUYECKON JEATEIBHOCTH.

MeToa KOHEUHBIX 3JIEMEHTOB — OJIMH U3 OCHOBHBIX KYPCOB MHKEHEPHON Me-
xaHuKH. [Io okOHYaHUU Kypca CTYJIEHTHI JOJKHBI OBJIAJIETh OCHOBHBIMU ITPUHIIU-
MaMH ¥ MPOLEAYypPaMH METOJIa KOHEYHBIX JIEMEHTOB, 0a30BbIM METOJOM MPOCKTHU-
POBaHUSI PACUETHBIX KOJIOB KOHEUYHBIX AJIEMEHTOB U YMETh BBINOJHATH CTPYKTYP-
HBII aHAJIU3 C UCIOJIb30BAHUEM ITPOTPAMMHBIX CPEACTB KOHEUHBIX AJIEMEHTOB.

3agaum yueOHOM QM CHUIIUHBI:

— 03HAKOMJICHUE MAaruCTPaHTOB C OCHOBHBIMM METOJAMU U TEXHUKAMHU Me-
TOJa KOHEUHBIX 3JIEMEHTOB JJIs PEIICHUS TPUKIIAHBIX 3a7]a4 MEXaHUKH,

— (popMHpOBaHUE HABBIKOB PEIICHUS MPUKIIATHBIX MHKEHEPHBIX 3a]1a4 C UC-
MOJIb30BAHUE MATEMATUYECKUX MOJEIEN MEXaHUKH;

— UCIIOJIb30BaHNE KOMIIEKCHOTO TIO/IX0/1a K aHAJIU3Y HaIPSKEHHO-1epopMu-
POBAHHOTO COCTOSIHUSI MOJEIUPYEMOTO TBEPAOTO TENA.

MecTo y4eOHOH AUCHMILUIMHBI B CHCTEME MOATOTOBKM CHEHUAINACTA C
yTITyOJIEHHBIM BBICIIMM O00pa3oBaHUEM (MarucTpa).

Jucuumnuna «Finite Element Method» mocesitiena u3yueHuio Gu3nKo-maTe-
MaTUYECKUX TMOJXO0JI0B, OCHOBAHHBIX HAa OCHOBHBIX TOJOKEHHUSIX MEXaHUKH,
HaIpaBJICHHBIX Ha PEIICHUE 3a7a4 MOICIUPOBAHUS NEPOPMUPYEMOrOo TBEPOTO
TeJa, YUCIECHHOMY OMUCAHUIO HAIMPSKEHHO-e(POPMUPOBAHHOTO COCTOSTHUS TBEP-
JIBIX TEJ, MOJICIMPOBAHUIO M aHAJIM3Y MEXaHUYECKOTO MOBEJICHUS NP ICUCTBUU CH-
CTEMBI CUJIOBBIX HArpy30K.

YuyeOHas aucnuIniMHa BXoauT B MoayJdb «Numerical methods in modern
mechanics» koMIoHeHTa yupexieHus: 00pa30BaHHSI.

PaccmaTpuBaroTcs KOHKpETHBIE TPUIIOKEHHS Y IPUMEPDI PEIICHUS 3a7a4 Me-
XaHUKW MOJICTTUPOBAHUS 1e(HOPMUPYEMOT0o TBEPIOTO TEJIa, MOICTUPOBAHUIO U aHA-
JIM3Y MEXaHUYECKOTO MOBEICHUS IIPU JACHCTBUM CUCTEMbI CUIIOBBIX HAarpy30K.

VYyeOHast mporpaMma coCTaBj€Ha C yUeTOM MEXIPEAMETHBIX CBsI3ed U Mpo-
rpamM 1o auctuiumHaM: «Solid mechanicsy, «Continuum mechanics», «Modern
numerical methods in mechanicsy, «Partial differential equations» u «Matrix and

Numerical analysisy.

TpeGoBaHusI K KOMIIETEHIUSIM

OcBoenue yueOHoit quciumuiiabl «Finite Element Methody» momxao obecre-
YUTh (POPMUPOBAHUE CIICIYIONICH CMEeNHATM3UPOBAHHON KOMIETEHIIUH:



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

B pesynbrare uzydenus quctumuinael «Finite Element Method» marucrpant
JOJIKCH.

3HATb.

— MPOOJIEMaTUKY COCTaBJICHHSI MaTEMaTHUYECKUX MOJIEJIel U TOCTaHOBKHU T'pa-
HUYHBIX 3a1a4 OJId OIIMCaHUusA HaHpH)I(CHHO-I[G(bOpMHpOBaHHOFO COCTOAHHUA MOJAC-
JIMPYEMOTI'O T€JIa U CUCTEMBI TCJI,

YMeETh:

— YMCTD BBIIIOJIHATD HpOCTOﬁ KOHEYHO-DJICMEHTHBIN aHAJIN3 H, TAaAKUM 06pa-
30M, pa3BHUBATH CIHOCOOHOCTH HUCIIOJIL30BaTh MCTOJ KOHCYHBIX 3JICMCHTOB,

— IOHHUMATb TCKYIICC COCTOSAHHUC H 6yzlymee Pa3BUTHC MCTOJAa KOHCYHBIX
9JICMCHTOB U IIPOIrpaMMHOTO oOecrieueHus JJIA aHaJIn3a.

— COCTaBJISITh AJITOPUTMBI JIJISl pELIEHUS] CUCTEM aireOpandeckux, iudpdepen-
MUAJBbHBIX, MHTCI'PAJIbHBIX ypaBHCHHﬁ, OIMMCBIBAIOINX MCXAHNYCCKUC ITPOLCCCHI;

— IOJYy4YaTb aHAJIMTUYCCKUC PCHICHUSA JISI MOACJIBHBIX 3a/la4 U IIPOBOAUTH
aHaJIM3 IMOJYYCHHBIX peSYJ'IBTaTOB;

BJIaA€Th:

— [OJAXO0JaMHU K PCHICHHUIO MATCMAaTHYCCKHUX MOI[CJ'IGfI OCHOBHBIX 3a1a4 ME€Xa-
HUKU.

— OCBOUTBH OCHOBHBIC ITPUHIMUIIBI U PACYCTHBIC IIPOLUCAYPBI MCTOJd KOHCYHBIX
3JIEMCHTOB H, TAKNUM 06p330M, B ,Z[aJIBHefIIHCM OCBOUTDL OCHOBHBIC ITPUHIIUIIBI K MC-
TOJbI COBpeMeHHOﬁ BBIYUCIIUTEIbHOU MCXaHHKMH,

— OCBOUTH 0a30BBIN MCTOA IIPOCKTUPOBAHNA KOHCYHO-23JICMCHTHOI'O KOJa H,
TaKUM 06p2130M, HMCTb BO3MOXHOCTH HCIIOJIb30BATb KOHCYHLIC 3JICMCHTBI U IIPO-
rpaMMHpPOBAaTh IIPOCTBIC KOHCYHO-3JICMCHTHBIC KOAbI,

CrpykTypa yueOHOM 1M CHUTIIUHBI

JucruminHa u3ydaercsi Bo 2-M ceMmecTpe. Beero ero Ha n3ydeHue yueOHOM
mucuuruiesl «Finite Element Method» orseneno:

— B O4YHOM (popMe moayueHus yriayOJaeHHOro BhICIIero oopa3oBanus: 90 ya-
COB, B TOM 4HCJIe 52 ayJIMTOPHBIX Yaca, U3 HUX: JICKIIUH (B TOM YHUCJIE C PUMEHE-
HUEM JIMCTAHIIMOHHBIX 00pa3oBaTeiIbHBIX TexHosoruu, manee: JJOT) — 18 vacos,
JabopaTopHbIe 3aHATHS (B TOM YKCIIE C MPUMEHEHHEM JUCTAaHIIMOHHBIX 00pa3oBa-
TeJBHBIX TEXHOJOTHI) — 34 yaca.

TpynoeMkocTh y4eOHON AUCIUIUIMHBI COCTABIISAET 3 3aU€THBIC €TUHUIIBI.
dopma NIpOMEKYTOUHOM aTTECTAIUU 110 YYEOHOM TUCIUIUIMHE — 3a4ET.



SYLLABUS

Theme 1. Reviews of the basics of the Mechanics of Elasticity

Fundamental assumptions of the finite element methods. Three main types of equa-
tions in Elasticity. Plane stress/strain problems.

Theme 2. Theoretical basis of the finite element method
Theoretical basis of the finite element method, i.e., master the weighted residual
method and the variation principle. Principle of virtual work; i.e., the virtual displace-
ment/stress principle. Manually solve the differential equations using the introduced
methods.

Theme 3. Finite element analysis on bar element

Finite element analysis procedures on bar element. Properties of the shape function
and stiffness matrix of bar element. Coordinate transformation for a bar in the 2D space.

Theme 4. Finite element analysis on beam element

Finite element analysis procedures on beam element. Equivalent nodal forces for
beam element. Coordinate transformation for the beam element.

Theme 5. Finite element analysis on triangular element
Finite element analysis procedures on triangular element. Area, coordinate and the
shape functions of the triangular element. Properties of the global stiffness matrix of tri-
angular element. Equivalent nodal forces for the triangular element.
Theme 6. Finite element analysis on rectangular element
Finite element analysis procedures on rectangular element. Properties of the shape
function of the rectangular element. Iso-parametric elements. Commonly-used numerical
integration methods, the Gauss method.
Theme 7. Finite element analysis on 3D Lagrange elements
Finite element analysis procedures on 3D Lagrange elements. Shape functions and

displacement field function for any 3D Lagrange element. Concepts of mesh conver-
gence, Gauss points, etc.



Theme 8. Finite element analysis on high order elements

Shape functions and displacement field function for any high order Lagrange ele-
ment. Concepts of Lagrange element, the convergence, the accuracy, etc. Definitions of
compatible element, the incompatible element, etc.



YYEBHO-METO/IUYECKAS KAPTA YYEBHOM JTUCITATIINHBI
Ounas dopma noxyyeHus: yriayOJeHHOTO BhICIIEr0 00pa30BaHus ¢ MPUMEHEHUEM JUCTAaHIIMOHHBIX 00pa30BaTEIbHBIX
texHosorui (J10T)
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1 2 3 4 5 6 7 8 9
Reviews of the basics of the Mechanics of Elasticity 4 Bonpocel mis camo-
Fundamental assumptions of the finite element methods. Three main types of NPOBEPKH,  YCTHBIH
equations in Elasticity. Plane stress/strain problems OIIpOC
Theoretical basis of the finite element method 2 Bompocs! anst camo-
Theoretical basis of the finite element method, i.e., master the weighted residual IPOBEPKH,  YCTHBIH
method and the variation principle. Principle of virtual work, i.e., the virtual OTIpoC
displacement/stress principle. Manually solve the differential equations using
the introduced methods.
Finite element analysis on bar element 2 6 Bompocsr mnst camo-
Finite element analysis procedures on bar element. Properties of the shape func- NPOBEPKH,  YCTHBIN
tion and stiffness matrix of bar element. Coordinate transformation for a bar in OIIpoC, OTYET O Ja-
the 2D space. OoparopHoii paboTe
C YCTHOM 3aIlUTON

Finite element analysis on beam element 2 6 Bompocs! ast camo-
Finite element analysis procedures on beam element. Equivalent nodal forces IPOBEPKH,  YCTHBIN
for beam element. Coordinate transformation for the beam element.
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OTIpoC, OTYET MO Jia-
OopatopHoii paboTe
C YCTHOM 3aIlIUTON

Finite element analysis on triangular element 2 6 Bonpocer mis camo-
Finite element analysis procedures on triangular element. Area, coordinate and NPOBEPKH,  YCTHBIN
the shape functions of the triangular element. Properties of the global stiffness OIPOC, OTYET IO Jia-
matrix of triangular element. Equivalent nodal forces for the triangular element. OopaTopHoll paboTe
C YCTHOM 3al[UTON
Finite element analysis on rectangular element 2 6 Bompocs! aist camo-
Finite element analysis procedures on rectangular element. Properties of the IPOBEPKH,  YCTHBIH
shape function of the rectangular element. Iso-parametric elements. Commonly- OIpPOC, OTYET IO Jia-
used numerical integration methods, the Gauss method. 6oparopHoii pabote
C YCTHOM 3aIlIUTOMN
Finite element analysis on 3D Lagrange elements 2 6 Bonpocel mis camo-
Finite element analysis procedures on 3D Lagrange elements. Shape functions NPOBEPKH,  YCTHBIN
and displacement field function for any 3D Lagrange element. Concepts of OIpPOC, OTYET IO Ja-
mesh convergence, Gauss points, etc. OoparopHoii paboTe
C YCTHOM 3aIlMTON
Finite element analysis on high order elements 2 4 Bonpocer mns camo-
Shape functions and displacement field function for any high order Lagrange NPOBEPKH,  YCTHBIN
element. Concepts of Lagrange element, the convergence, the accuracy, etc. OIpoC, OTYET IO Jia-
Definitions of compatible element, the incompatible element, etc. OopaTopHoil paboTe
C YCTHOM 3aIllUTOMN
Bcero 18 34
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IlepeyeHb peKoOMeHAYeMbIX CPeICTB JUATHOCTHKHU
U MeToauKa GOPMHUPOBAHHMSA UTOIOBOM 0TMETKHU

OOBEKTOM JTUArHOCTUKM KOMIIETEHLIM MarvuCTPaHTOB SIBJISIOTCS 3HAHMS,
yYMEHUS, OJyUYCHHbIE UMH B PE3YJIbTaTe U3YUCHUSI YUEOHOU TUCHUTUIMHBI. BbIsSB-
JieHue y4eOHBIX JOCTHXKEHUN MarucTPaHTOB OCYILECTBISETCS C MOMOIIBIO MEpOo-
MPUATAN TEKYIIETO KOHTPOJIS U IPOMEXKYTOYHOM aTTECTALIUH.

JIMarHoCTHKa pe3yJIbTaTOB y4eOHOHW NEATeIBHOCTH MO auciuiuinae «Finite
Element Method» npoBoauTCs, Kak MpaBmiio, BO BpeMs ayJAMTOPHBIX 3aHATHHA. J[7s
JIMarHOCTUKH UCIIOJIb3YIOTCS:

- BOIIPOCHI ISl CAMOIIPOBEPKH;

- YCTHBIN OIIPOC;

- OTYETHI 10 TAOOPATOPHBIM PabOTaM.

OneHka 3a OTBETHI Ha JIEKUUAX (OMpOC) U J1a00PaTOPHBIX 3aHATUSAX BKIIOYAET
B c€0s OJIHOTY OTBETA, HAIMYKE aPTYMEHTOB, IPUMEPOB U3 MPAKTHUKHU.

KoHTpoJibHBIE MEPONTPUATHUSL IPOBOSATCS B COOTBETCTBUU C Y4eOHO-METOAM-
YECKOM KapTOM JUCLUIIINHEL.

JInsi MarucTpaHTOB, HNPOIYCTUBIINX KOHTPOJBHBIE MEPOIPUITUS WIH IOJTY-
YUBIINUX HEYJOBJICTBOPUTEIbHYIO OTMETKY, PEIICHHE O IOBTOPHOM IIPOBEACHUU
KOHTPOJIBHOTO MEPOIIPUATHUSA BBIHOCUTCS B COOTBETCTBUU € [1010keHnEM 0 penTHH-
rOBOHM CHCTEME OLICHKM 3HaHUN 0Oydaromuxcs o ydyeOHoW aucuuruivnHe B berno-
PYCCKOM IrOCyAapCTBEHHOM YHUBEPCUTETE.

dopmoit poMexKyTOUHOM aTtTectanuu 1o auciumuinHe «Finite Element
Method» y4eOHBIM TITAHOM TIPEYCMOTPEH 3a4eT.

[Ipu dopmupoBaHUM UTOTOBOW OTMETKHU HCIIOJIB3YETCS PEHUTHHTOBAsl CH-
CTEMa OIIEHKHU 3HAaHWI MaruCTpaHTa, AArolas BO3MOKHOCTh IPOCIEIUTh U OLICHUTh
JTUHAMUKY TpoIecca TOCTIKEHHS 1ieneil 00yuenus. PeiiTuHroBas cucrema npemy-
CMaTpUBAET HCIOJIb30BAHUE BECOBBIX KO3(PPHUIMEHTOB B X0Ji€ MPOBEACHUS KOH-
TPOJIBHBIX MEPOIPUITUN TEKYILEH aTTECTALINU.

[TpumepHBbIe BecoBble KO3 (PHUIIMEHTHI, ONIpeIeSIONINe BKIIa ] TEKYyIIen aTTe-
CTallMd B OTMETKY IIPU MPOXO0KACHUU TPOMEKYTOUHON aTTECTALINHU:

@opMHUpPOBaHUE OTMETKH 3a TEKYIIYIO aTTECTALUIO:
- OTBETHI HA YCTHBIN ompoc — 20 %;
— otuer no Jaboparopuoit padote — 80 %.

Htorosast oTMeTKa MO TUCITUIIJIMHE PACCUUTHIBAETCS HA OCHOBE OTMETKH Te-
KYyIlleW arTecTanuu (PEUTUHIOBOM CUCTEMBI OlIeHKH 3HaHuil) — 40 % 1 0TMETKHU Ha
3auete — 60 %.
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Onucanue MHHOBAIMOHHBIX MOJX00B M METOA0B K NMPENnoaBaHUIO
YueOHOM JUCHMILTHHBI

[Tpu opranuzanuu oOpa30BaTEIBHOIO MPOIECCa HCIOJB3YETCS NMPAKTHKO-
OpPMEHTHPOBAHHBIN MOAXO0/I, KOTOPBINA MPEIOIaraeT:
— OCBOCHUE COZiep)KaHue 00pa3oBaHMs Yepe3 pelIeHUs IPaKTHYECKUX 3a/1aY;
— MpuoOpeTeHrne HaBBIKOB 3(P(EKTUBHOTO BBHIIIOJIHEHUS Pa3HBIX BUIOB Mpodec-
CHOHAJILHOW JEATEIbHOCTH;
— UCHOJIB30BAHUE MPOLEAYP, CIIOCOOOB OIICHUBAHUS, (PUKCUPYIOMIUX (HOPMUPO-
BaHUE MPO(HECCHOHANBHBIX KOMITETCHIIUH.

IIpumepHasi TeMaTHKA JIA0OPATOPHBIX 3AHATHI

3ansarue 1. (theme 3) Finite element analysis of the uniform bar with constant cross
section.

3ansTtue 2. (theme 4) Finite element analysis of the uniform simply supported and
clamped beams.

3ansTue 3. (theme 5) Numerical analysis of the rigid body in plane stress state using
triangular finite elements.

3ansTue 4. (theme 6) Numerical analysis of the rigid body in plane stress state using
rectangular finite elements.

3ansrtue 5. (theme 7) Shape functions for 3D Lagrange elements.

3anstue 4. (theme 8) Mesh generation and convergence analysis.

MeToan4yeckne peKOMeHIAIMH 110 OPraHU3ANNHA CAMOCTOATEIbHOUM PadoThI
00y4yarouuxcs

1. CamocrosiTesibHasA padoTa B npouecce padoThl € JJUTEPATYPOH.

[IpocMoTpuTe KOHCIEKT cpasy mocie 3aHsaTui. llomerpTe Marepuan KoH-
CIEKTa JIEKLUUI, KOTOPbIN BbI3bIBAET 3aTPYIHEHHUS JIJISl TOHUMAaHMUSI.

[TonbITaliTech HANTHU OTBETHI HA 3aTPYAHUTEIIBHBIE BOMPOCHI, MCIOJb3YS
IpeIaraeMyro JUTEPATYpy.

Ecnu caMocTosiTeNnbHO HE yJalloch pa3o0paThesi B MaTepuaie, chopmyiu-
py#Te BONPOCHI U 00paTUTeCh Ha ONFIKAMIIEH JIEKIIMHU 3a MMOMOIIBIO K MPEno/iaBa-
TEJI0.

Kaxnayro Henemro peKOMEHIYETCS OTBOAUTH BpEMsl Uil TOBTOPEHUS
IIPOWJIEHHOTO MaTepHalia, IPOBEPssl CBOU 3HAHUS, YMEHHS U HaBBIKU 110 KOHTPOJIb-
HBIM BOIIPOCaM.

2. CamocTosiTeIbHAs padoTa M0 COCTABJIEHUIO KOHCIIEKTA.

1. CoGepute nuteparypy no teme. M3yunte TOT UCTOUYHHUK, TIJI€ OHA U3JIO-
YK€Ha HauOoJee MOJHO U HA COBPEMEHHOM YPOBHE.

2. Ilo ’TOMY UCTOYHHUKY COCTaBbTE MOAPOOHBIN IJIaH C YKa3aHUEM CTPAHUI]
KHHUTY, OTHOCAIIMXCS K ONPEIEICHHOMY MyHKTY IJIaHa.
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3. U3yuute npyrue uCTOUYHHUKU. Ecy B HUX BCTpeyaeTcs MaTepua Mo yxke
UMEIOIIEMYCSl IIYHKTY IUIaHA, 3allUIIUTE B IJIaHE U HOBBI MCTOYHUK C YKa3aHUEM
cTpanul. Eciu ke B ApyroM HCTOUHHUKE MaTEPHUAIl PACKPBIBAET TEMY C IPYTOM CTO-
POHBI, 100aBbTE €IIE MYHKT IUIaHA.

4. IIpoananu3upoBaB BCIO JIUTEPATYPY, COOPAHHYIO MO TEME, BbI MTOITYUUTE
OKOHYATEJBHBIH IJ1aH, 10 KOTOPOMY MOKHO ITMCAaTh KOHCIEKT, 00bEeINHSAS IO ITyHK-
TaM MaTepHual U3 pa3HbIX HCTOYHUKOB.

5. OTpenakTupyiTe COCTaBICHHBIN BAMU KOHCIIEKT, BHUMATEIIBHO IIPOUYTUTE
€ro U NmojJyMaiTe: - yJI0BJIETBOPSIET JIK BaC €ro OOIIMH IIaH; - XOPOIIIO JIM BOCTIPH-
HUMAETCSI CMBICIIOBAs, JIOTUYECKAS CBSI3b MEXKIY OTACIIBHBIMU AJIEMEHTAMH COJIEP-
YKaHUs; - YJa4yHO JIM WCHOJIb30BAaHbl LIUTAThHI, IPABUJIBHO JIM YCTAHOBJICHA CBS3b
MeXIy 000poTamMH peuur U (ppa3amu; - BEpHO JIU MOCTABJIECHBI 3HAKH MPETIMHAHUS B
LATATAX.

3. IToaroroBka Kk J1alOPATOPHBIM 3aHATUAM

Ha3nauenne n1abOpaTOpHBIX 3aHATHH - yrayOjaeHue U npopadoTKa TEOpEeTH-
YECKOIro MaTepHalia npeaMera MMyTeM PeryJIIpHOM U MIIaHOMEPHOM CaMOCTOSITENb-
HOI paOOThl CTYJEHTOB MarucTpaTypbl Ha BCEM MPOTSHKEHUU WM3Y4YEHUs YUEOHOU
JUcUUIUIMHBL. HenocpencTBeHHOe poBeieHre 1a00paTOpHOro 3aHATUs Ipearnoia-
raeT: peuieHue 3a/1a4d U ynpaKHeHuil o o0pasily; IpOBEICHUE aHAJIN3a PE3ybTa-
TOB; CUCTEMAaTH3AIMI0 MaTepUalia U MOArOTOBKA OTYETA O MPOBEECHHOM padoTe.

Hucmpykyusa:

N3yunTe HOpMAaTUBHBIE TOKYMEHTHI, 0053aTEIbHYIO U JOMOIHUTEIbHYIO JIU-
TepaTypy [0 pacCMaTpUBAEMOMY BOIIPOCY.

[IpouTnTE KOHCIIEKT JEKIHH 110 TEME.

BHUMaTENbHO M3y4YnTE MOPSAOK BBIOJHEHUS MHAMBUAYAJIBHON IpakTUye-
CKOM pabOThI WM alTOPUTM, IIPEICTABICHHBIN MPENO1aBaTEIIEM.

4. IloaroroBKa K 3a4eTy

BHuMarenbHO mpouynTanTe Marepuall MO KOHCHIEKTY, COCTABICHHOMY Ha
y4eOHOM 3aHSITUH.

[IpounTaiiTe TOT k€ MaTepuai Mo y4eOHUKY, yueOHOMY MTOCOOMUIO.

[TocTapaiitech pa3o0paThCsi ¢ HEMOHATHBIMH, B YACTHOCTA HOBBIMU TEPMHU-
HaMu. YacTo He3HaHHWE TEPMHHOJOTMU MEIIAET CTYJIEHTaM BOCHPUHHUMATh MaTe-
pHuaj Ha 3aHATUSAX HA TIOJDKHOM YPOBHE.

OTBeTbTE Ha KOHTPOJIBHBIE BONPOCHI I CaMOIPOBEPKH, MMEKOLIUECST B
y4ueOHHUKE.

Kpatko nmepeckaxure coaep:kKaHHE€ HU3y4EHHOTO MaTepHalla «CBOMMH CIIO-
BAMMY.

3ayunre «paboumne onpeeIeHNus» OCHOBHBIX MOHATUMN, 3aKOHOB.

OcBOMB TEOpETUUECKUI MaTepuall, NpecTynaiTe K BHIOJIHEHUIO 3aJaHui,
YIOPKHEHU; pEHICHUIO 3a/1a4, paCYy€TOB MO0 UHIUBUIYaIbHBIM 3aIaHUSM U T.JI.

IIpumepHbIii NepevyeHb BONPOCOB K 3a4eTy
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wooNoaRWNE

Weighted residual methods. Numerate and give the definition.

Essence of Collocation method. Give the definition.

Essence of Least squares method. Give the definition.

Essence of Galerkin method. Give the definition.

Essence of Variational principle. Give the definition.

Essence of Virtual displacement principle. Give the definition.

Essence of Virtual stress principle. Give the definition.

Essence of Least potential energy. Give the definition.

Essence of Least complementary energy principle. Give the definition.
Notify the finite element analysis procedure for bar element.

What is Discretization?

Displacement formulation for bar element.

What is it Boundary conditions. Give the definition. Examples.

Strain formulation for bar element. Give the definition.

Stress formulation for bar element. Give the definition.

Potential energy formulation for bar element. Give the definition.

Shape function for bar element and it properties.

Stiffness matrix for bar element and it properties.

Coordinate transformation of bar element.

Notify the FEA procedure for beam element.

Elemental equivalent nodal forces for beam element. Give the definition.
Coordinate transformation of beam element. Give the example.
Treatment of boundary condition for beam element.

Displacement formulation for beam element.

Strain formulation for beam element. Give the definition.

Stress formulation for beam element. Give the definition.

Potential energy formulation for beam element. Give the definition.
Shape function for beam element and it properties.

Stiffness matrix for beam element and it properties.

Elemental equivalent nodal forces for beam element. Give the definition.
Effect of numbering on assembled (global) stiffness matrix for beam element.
Stiffness equation in the global system. Give the definition and example.
FEM procedure using triangular element.

Shape function of triangular element. Give the definition.

Global stiffness matrix of triangular element. Give the definition.
Equivalent nodal forces of triangular element. Give the definition.
Notify the FEM procedure for triangular element.

Displacement field formulation for triangular element.
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MPOTOKOJI COIJIACOBAHUS YYEBHOM ITPOT'PAMMBI YBO

HaszBanue nucnu- | Hazanue  ka- | [Ipennoxxenust 06 uzme- | Pemenue, mpuHs-
IUIMHBI, C KOTO- | heapbl HEHUSIX B COJlep)KaHUM | Toe  Kadenpoii,
poit  Tpebyercs y4eOHOM MporpamMMbl pa3paboTaBIieit
COTJIACOBAaHUE 0 U3y4aeMou y4eOHOU | y4eOHYIO npo-
JUCLUTIINHE rpammy (C ykasa-
HUEM JIaHbl U HO-
Mepa IIPOTOoKoIIa)?
OtcyTtcTByeT
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JOINOJTHEHUSA U PI?.MELHEHPIH K YYEBHOM ITPOI'PAMME
11O U3YYAEMOHU YUEBHOU JTUCIHUIIJIMHE
Ha / yueOHbIi roj

NoNe JloMOJIHEHHST 1 N3BMEHEHUS OcHoBaHue
T

VYyebHas nporpaMma rnepecMoTpeHa u 0100peHa Ha 3aceTaHuu Kadeapbl
(mpoToxoi Ne oT 20 1.

3aBenyrommii kaheapoun
11-p ¢u3.-MaT. HAVK,
npodeccop M.A. )KXypaBkoB

(cremeHb, 3BaHME) (romuce) (M.0. ®amumms)

YTBEPXJIAIO
Jlexan ¢akynbrera
I-p dbu3z.-MaT. HayK,

npodeccop C.M. bocskos
(creneHb, 3BaHKE) (moamuce) (M1.0. damunus)
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