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HOACHUTEJBHASA 3AIINCKA

Hean u 3axa4u yueOHOM JUCHUILITHHBI

eab yueOHOM U CHUILTHHBI — CO37]aHUE 0a3bl 7151 OCBOCHUS OCHOBHBIX HJICH
U METOJ0B COBPEMEHHON MEXaHWKHU U MPUKIATHON MaTEMAaTHKH, TOATOTOBKA BbI-
COKOKBJTM(DUITMPOBAHHBIX CIICIIHAIMCTOB, CIIOCOOHBIX CTABUTH U PEIIaTh 3a/1a4H U3
pa3IMYHbIX 00JIacTe HAYKU U TEXHUKU. DOpMHUPOBaHUE YCTAHOBKU HA TBOPYECKYIO
po(eCcCCUOHANIBHYIO IEATEbHOCTD; Pa3BUTHE MPO(HECCUOHATBLHOTO MBIIIJIEHUS, KO-
Topoe obecreunsio Obl OyayleMy CIEUATUCTY BO3MOKHOCTh CBOOOTHO OTIEpUPO-
BaTh MPO(PECCUOHAIBHBIMU 3HAHUSMU, BUJETH IPOOJIEMBbI U ONTUMAJIbHBIC ITyTH UX
pelieHus B CaMOCTOSITEIbHOM MpakTUYECKOM JesTeNbHOCTU. Pa3BuTHe 3HAHMIA,
KOMITETEHIIUM M HABBIKOB OOYyYalOIIMXCsl B OOJACTH YMCIEHHBIX METOJIOB MeEXa-
HUKH, COBPEMEHHBIX MAKETOB MPHUKIIATHBIX TPOTPaAMM.

3agaum yueOHOM QM CHUILIAHBI:

—  3HAKOMCTBO C COBPEMEHHBIMU TEXHOJOTUSIMU MPOBEICHUS YUCICHHOTO aHa-
Ju3a B MEXaHUKE,

—  3HAKOMCTBO CO CPEJICTBAaMU PaCIpPEICICHHBIX BRIUUCIICHUIA;

—  3HAKOMCTBO C COBPEMEHHBIMU COMNPSKEHHBIMU METOJAaMH YHCIECHHOIO aHa-
JMn3a;

—  OCBOEHME O0Ja4HbIX CPEJCTB HAIMCAHUS MPOrPAMMHOI0 KOJIa U 3aIlycKa pac-
YETOB;

—  OCBOCHHME COBPEMEHHBIX METOJIOB COOpa M aHalIM3a JIaHHBIX;

—  3HAaKOMCTBO M OCBOEHUE COBPEMEHHBIX MAKETOB MPUKIAAHBIX MTPOTPAMM JIJIsI
Pa3JIMYHBIX PA3JEI0B MEXAHUKHU.

MecTo y4eOHOi TMCUMIUINHBI B CUCTEME MTOATOTOBKHU CIEIUATINCTA C YIIIyO-
JICHHBIM BBICIIUM 00pa30BaHHEM (MarucrTpa).

Hucuummuaa «Modern numerical methods in mechanics» mocesiiiena usyue-
HUIO COBPEMEHHBIX YHUCJICHHBIX METOJOB MEXaHUKH, TOCTPOSCHUIO YHCICHHBIX MO-
JIeJIeH 1 aNrOpPUTMOB PEIICHHS 3a1a49 U3 PA3IMYHBIX Pa3/Ie]IOB MEXaHUKH Ha OCHOBE
MO/IXO0/I0B YHCJICHHOTO aHAJIN3a ¥ MOJCITUPOBAHUS.

VYyeOHast TUCIUILUIMHA BXOJUT B MOAYJIb “Actual issues of modern mechan-
ics” State Component.

PaccMmarpuBaroTCs KOHKPETHBIE TIPHIIOKEHUS U IPUMEPBI PEIICHUS 3a/1ad Me-
XaHUKHU C TOCTAHOBKOM IPAaHUYHBIX 33/1a4 U UCIOJIb30BAHUEM MTAKETOB YMCJICHHOTO
aHaIM3a.

YyeOHas mporpaMma COCTaBlIeHA C yUY€TOM MEXIPEIMETHBIX CBS3€i U Tpo-

rpamm 1o quctminimHaM: «Continuum mechanicsy, «Solid mechanicsy.

TpeboBaHusA K KOMIIETEHIIUSIM
Ocgoenue yueOnoi quctuminabl « Modern numerical methods in mechanicsy
JIOJDKHO 00ecriednTh (POPMHUPOBAHUE CICAYIOMIUX KOMIIETECHITUH!
YHUBEPCAJIBHBIC KOMIICTCHIIUU.
UC-5. Develop innovative receptivity and ability to innovate;
yriayoseHHble npogeccnoHaIbHbIe KOMIIETEHIINY:
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DPC-2. Apply numerical methods and software to applied and theoretical me-
chanics, be able to navigate modern algorithms of computer mathematics.
B pesynbrare usyuenus qucruruabl «Modern numerical methods in mechan-

ICS» MarucTpaHT JOJDKEH:
3HATH:

—  OCHOBHBIE TMOJXOABI K KIaCCH(UKAIUU COBPEMEHHBIX METOJIOB YHMCIICHHOTO
aHaIM3a B MEXAHUKE U OCHOBHBIE COBPEMEHHBIE TPYIIIbI YUCICHHBIX METOJOB
3a/1a4 MEXaHUKH;

—  OCHOBHBIE COBPEMEHHBIC TEHACHIINU U HAIIPABJICHUS pPa3BUTHUSI CEMENCTBA Me-
TOJOB CETOK, OCHOBHBIE JJOCTOMHCTBA U HETOCTATKH METOJOB CETOK, COBPEMEH-
HBIE pa3fiesibl MeXaHUuKU 3((HEKTUBHOTO UCIIOJIb30BAHUS METOJIOB CETOK;

—  OCHOBHBIE COBPEMEHHBIC TEHACHIIMU U HAIIPaBJICHUS pPa3BUTHUSI CEMENCTBA Me-
TOJOB MHTETPAJIIbHBIX YPABHEHUI U TPAHUYHBIX 3JIEMEHTOB, OCHOBHBIE JI0CTO-
WHCTBA Y HEIOCTAaTKH METOJI0B MHTEIPAJIbHBIX YPABHEHUM, COBPEMEHHBIE pa3-
JIeJIbl MEXaHUKH 3(PPEKTUBHOTO MCIIOIb30BAHUS METOJOB UHTETPAJIbHBIX YpaB-
HEHU;

—  OCHOBHBIEC COBPEMEHHBIC TECHACHIIMM U HAIIPABJICHUS Pa3BUTHUS CEMENCTBA Me-
TOAOB KOHEYHBIX JJIEMEHTOB, OCHOBHBIE JTOCTOMHCTBA M HEJOCTATKHA METOJOB
KOHEYHBIX 3JIEMEHTOB IPUMEHUTENIBHO K PA3JIMYHBIM KJIACCaM 3a7a4 MEXaHUKH;

—  OCHOBBI METOZA JUCKPETHBIX JIEMEHTOB, OCHOBHBIE JJOCTOMHCTBA U HEOCTATKH
METO/I0B IUCKPETHBIX 3JIEMEHTOB;

—  OCHOBHBIE HaIIPaBJICHUs Pa3BUTHUA U IIOCTPOCHUS YHUCIICHHBIX CXEM PELLIEHUs 3a-
Jla4 MEXaHUKHU Ha OCHOBE CMEIIIAHHBIX TEXHOJIOIMI, OCHOBHBIE CMEILIAHHBIE Me-
TOJBI YUCJIICHHOT'O aHAJIN3A 3a/1a4 MEXaHUKH.
yMeThb:

—  000CHOBaHHO BBIOMPATH YUCIEHHBINA METOI 11l paCCMaTPUBAEMOM 3a]]a4K Me-
XaHHKH;

—  KOPPEKTHO OCYILECTBIIATh IOCTPOCHUE YUCIIEHHON MOJEIIA B COOTBETCTBUE C
BBIOPAHHBIM YHCJIICHHBIM METOJIOM;

—  BBINOJIHATH YUCJICHHBIM aHAJIN3 COCTOSHUS AE(POPMUPYEMBIX TEJl CO CIOKHON
reoMeTpuen, CTPYKTypoil 1 OCOOEHHOCTSIMM, U CMEIIAHHBIMH TPaHUYHBIMU
YCIOBUSIMH.

BJIAICTh:

—  HaBBIKAMH ITOCTPOECHUS CETOYHOM, CTPYKTYPHOW M MEXAaHWYECKOW MOJEIIeH
YUCJIEHHOTO aHAJIN3a 3a/1a4 MEXAHUKH;

—  pa3pabOoTKH U OTJIAJAKU IPOrPaMMHOTO KOJia JUIsl YUCIEHHOTO aHaJIu3a;

—  UHTEpOpeTalMM U MPEACTABJICHHS PE3yJbTAaTOB pPacyeTOB B HEOOXOIMMOM
BHJIE.

CTpykTypa y4eOHOM 1M CHUNINHBI
HMucuumuinHa uzydaercs B 1 cemectpe. Becero Ha uzyueHue yueOHOM HCIIH-
mHbl « Modern numerical methods in mechanics» orBeneno:



— B OYHOM (popMe MoITydeHus yriryoJeHHOro Beiciero oopazoBanus: 90 yacos,
B TOM 4Huclie 54 ayAUTOPHBIX YaCOB, U3 HUX: JIEKIHH (B TOM YKCIIE TUCTAHIIMOHHO)
— 18 gacoB, mabopaTopHbIe 3aHATHS (B TOM YHCIIC JUCTAHITMOHHO) — 36 4acoB.
TpynoemMKkocTh yueOHON AUCIUILTUHBI COCTABIISAET 3 3aUETHBIC CIUHUIIBL.
dopMa MPOMEKYTOUHOM aTTECTAIIMH MO Y4eOHON AUCIHUILINHE — IK3aMEH.



SYLLABUS

Theme 1. Introduction to the discipline. General characteristics of numerical
methods of mechanics
About approaches to the classification of numerical methods. Modern classification
of numerical methods, their brief characterization. The main stages of building numerical
models of the selected groups of methods.

Theme 2. The finite difference method and its modern implementations

Basic principles of the finite difference method. Modern approaches to the construc-
tion of meshes. Finite volume method and other modifications of the finite difference
method. Cracking and nonlinear analysis in the finite difference method/finite volume
method. Modern packages that implement finite difference techniques.

Theme 3. Boundary element method and its modern implementations

Basic principles of the method of boundary elements, the method of boundary inte-
gral equations. Direct and implicit formulations of the method of boundary integral equa-
tions. Modeling of nonlinearity and inhomogeneous structure. Modeling of cracks. Al-
ternative formulations related to the boundary element method. Development of the
boundary element method. Modern packages realizing technologies of the boundary el-
ement method / method of boundary integral equations.

Theme 4. Finite element method and related methods
Basic principles of the finite element method. Modeling of nonlinearity and inho-
mogeneous structure. Modeling of cracks and discontinuities in solid deformable media.
Derived technologies of the finite element method, their characterization. Modern pack-
ages implementing finite element method technologies.

Theme 5. ""Meshless' methods
Basic concepts and principles of meshless methods. h-method and p-method
convergence. Examples of meshless methods, their characterization.

Theme 6. Advantages and disadvantages of continuum methods as applied to
the solution of ""'non-standard™ applied problems in mechanics
OcHOBHBIE IMPCUMYIICCTBA PA3JIMYHBIX KJIACCOB KOHTHMHYAJIBHBIX MCTOIOB M HX
HCAOCTAaTKM IIPpHU pCHICHUN paSHOO6paSHI>IX THUIIOB 3a4a4 MCXaHUKN

Theme 7. About discrete element methods. Explicit and implicit realizations of
the discrete element method
General concepts and provisions of discrete element method. Explicit and implicit
methods. Various implementations of the discrete element method. Discretization and
construction of blocks. Definition of links between blocks, representation of contacts.
Connection equations of block structures. Discrete element method. Method of discrete
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deformation analysis. Discrete element method for particle systems. Dynamic lattice
coverage models.

Theme 8. Hybrid models. Continuous and discontinuous conjugate methods
Basic definitions. Principles of hybrid models construction. Examples of tasks re-
alized on the basis of hybrid models. Classification of conjugate methods. Essence of
hybrid finite element/boundary element methods, discrete element/boundary element
methods. The main areas of use of various hybrid methods.

Theme 9. Neural network method. Numerical-experimental approaches.
Basic definitions. Types of neural networks. Methods of neural networks for
solving problems of mechanics. Examples.



YYEBHO-METO/IUYECKASI KAPTA YUYEBHOM JUCHMUITIJIMHBI
OuHas popma rosrydeHus: yriayOJIeHHOT0 BbICIIEro 00pa3oBaHMsl ¢ IPUMEHEHUEM JUCTAaHLIMOHHBIX 00pa30BaTEIbHbIX
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1 Introduction to the discipline. General characteristics of numerical methods | 1 Bompocsl mns ca-
of mechanics MOIIPOBEPKH, YCT-
About approaches to the classification of numerical methods. Modern classifica- HBIW OMPOC
tion of numerical methods, their brief characterization. The main stages of build-
ing numerical models of the selected groups of methods.

2 The finite difference method and its modern implementations 1 4 Bompocsl mnst ca-
Basic principles of the finite difference method. Modern approaches to the construc- MOIIPOBEPKH, YCT-
tion of meshes. Finite volume method and other modifications of the finite difference HBII Ompoc, pere-
method. Cracking and nonlinear analysis in the finite difference method/finite volume HHE 337124
method. Modern packages that implement finite difference techniques.

3 Boundary element method and its modern implementations 2 6 Bompocsl mns ca-
Basic principles of the method of boundary elements, the method of boundary MOTIPOBEPKH, YCT-
integral equations. Direct and implicit formulations of the method of boundary HBIH Ompoc, perire-
integral equations. Modeling of nonlinearity and inhomogeneous structure. Mod- HUE 3a/1a4. 3aimmTa
eling of cracks. Alternative formulations related to the boundary element method.
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Development of the boundary element method. Modern packages realizing tech-
nologies of the boundary element method / method of boundary integral equa-
tions.

Hay4HO-UCCIIe0-
BaTEIILCKUX ICCE

Finite element method and related methods 4 Bonpocel mus ca-
Basic principles of the finite element method. Modeling of nonlinearity and in- MOTIPOBEPKH, YCT-
homogeneous structure. Modeling of cracks and discontinuities in solid deform- HBIA OIPOC, pele-
able media. Derived technologies of the finite element method, their characteri- HUE 3a7a4
zation. Modern packages implementing finite element method technologies.
""Meshless™ methods 2 Bonpocer mns ca-
Basic concepts and principles of meshless methods. h-method and p-method con- MOITPOBEPKH, YCT-
vergence. Examples of meshless methods, their characterization. HBIH ompoc, perie-
HHUEC 3aJa4
Advantages and disadvantages of continuum methods as applied to the so- Bonpocer mns ca-
lution of ""non-standard™ applied problems in mechanics MOITPOBEPKH, YCT-
OCHOBHEBIE MNpeuMyieCTBa PA3JIMYHBIX KJIIACCOB KOHTHUHYAJIbHBIX METOA0B U UX HBIN OIIpoC
HCIOCTATKU IIPU PCIICHUH pa3H006paSHBIX THUITIOB 3a1a4 MCXaHHUKHU
About discrete element methods. Explicit and implicit realizations of the 10 Bompocsl mns ca-
discrete element method MOIIPOBEPKH, YCT-
General concepts and provisions of discrete element method. Explicit and im- HBIA OIpOC, pele-
plicit methods. Various implementations of the discrete element method. Dis- HUE 3a7a4. 3almTa
cretization and construction of blocks. Definition of links between blocks, rep- HAY4YHO-HCCIIeI0-
resentation of contacts. Connection equations of block structures. Discrete ele- BaTEIILCKUX ICCE
ment method. Method of discrete deformation analysis. Discrete element
method for particle systems. Dynamic lattice coverage models.
Hybrid models. Continuous and discontinuous conjugate methods 6 Bonpocer mns ca-
Basic definitions. Principles of hybrid models construction. Examples of tasks MOTIPOBEPKH, YCT-
realized on the basis of hybrid models. Classification of conjugate meth-ods. HBIA OIpOC, pele-
Essence of hybrid finite element/boundary element methods, discrete ele- HUE 3a/1a4. 3amura
ment/boundary element methods. The main areas of use of various hybrid HAY4YHO-HCCIIEeI0-
methods. BaTEJIbCKUX JCCe
Neural network method. Numerical-experimental approaches. 4 Bompocer nmns ca-

MOIIPOBEPKH, YCT-
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Basic definitions. Types of neural networks. Methods of neural networks for
solving problems of mechanics. Examples.

HBIN OIIpOC, pelie-
HUE 3a/1a4. 3alura
Hay4HO-HUCCIEN0-
BaTENIbCKUX ICCE

Bcero

18

36
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IlepeyeHb peKoOMeHAYeMbIX CPeICTB JUATHOCTHKHU
U MeToauKa GOPMHUPOBAHHMSA UTOIOBOM 0TMETKHU

OOBEKTOM TUAarHOCTUKU KOMIIETEHITUN MaruCTPaHTOB SBJISIOTCS 3HAHUS, YMe-
HUS, TIOJIyYCHHbIC MU B PE3YJIbTaTe U3yUeHUs YUeOHON AUCIUIUIUHGI. BhisiBieHue
y4eOHBIX JOCTHKEHU MaruCTpaHTOB OCYILIECTBISIETCA C TMOMOIIBI0 MEPONPUATUN
TEKYIIET0 KOHTPOJISI U IPOMEKYTOYHOM aTTECTALIUH.

JlnarHocTHKa pe3ysIbTaToOB yU4eOHOM JeATebHOCTH 1Mo AucuuiumHe «Modern
numerical methods in mechanics» mpoBoauTcs, Kak IpaBUIO, BO BpEeMs ayIuTOp-
HBIX 3aHATHN. [{J11 TMarHOCTUKHU UCIIOJIb3YIOTCS:

- BOIIPOCHI ISl CAMOIIPOBEPKHU;

- YCTHBIN OIIPOC;

- 3alIMTa HAYYHO-UCCIIEA0BATEIbCKUX JCCE;

- peuieHue 3a1a4.

OneHka 3a OTBETHI Ha JIEKIUAX (OMpOC) U 1a00PaTOPHBIX 3aHATUSAX BKIIOYAET
B c€0sl MOJIHOTY OTBETA, HAJIMYKME apTyMEHTOB, IPUMEPOB U3 MTPAKTUKHU.

KoHTpoibHbIE MeponpUsITUS TPOBOASTCA B COOTBETCTBUU C Y4€OHO-METOIU-
YECKOM KapTOU AUCUUILIUHBI.

JInsi MarucTpaHTOB, HNPOIYCTUBIINX KOHTPOJBHBIE MEPOIPUITUS WIH IOJY-
YUBIIMX HEYIOBJIETBOPUTEIBHYIO OTMETKY, PEIIEHUE O MOBTOPHOM IPOBEAECHUU
KOHTPOJIBHOTO MEPOTIPUSITHUSI BHIHOCUTCSI B COOTBETCTBUU € [10105%K€HNEM O pEUTHH-
rOBOW CHCTEME OIIEHKHM 3HAaHMUI O0ydaromuxcs Mo yuyeOHo# aucuuruimae B beno-
PYCCKOM roCy1apCTBEHHOM YHUBEPCUTETE.

dopmoli TPOMEXKYTOUHOM arrectanuu 1o aucnuiuimHe «Modern numerical
methods in mechanics» y4eOHbBIM m1aHOM MIPETYCMOTPEH IK3aMeEH.

[Ipu dhopmupoBaHUM UTOTOBOW OTMETKH MCTIOIB3YETCS PEHTHHTOBAsI CUCTEMA
OLICHKH 3HAHWUW MarucTpaHTa, Aaroilas BO3MOKHOCTb IPOCIEIUTh U OIIEHUTh JUHA-
MUKY TIpoliecca JOCTHKEHUS 1esiel o0ydeHus. PeTuHroBas cucrema mpemycMmar-
pHUBaET UCIIOJIb30BAHUE BECOBBIX KOA(P(HUIIMEHTOB B XOJ/€ MPOBEJACHUS KOHTPOJIb-
HBIX MEPOIPUATUN TEKYyIIEH aTTECTALNH.

[TpumepHbIe BecoBbIe KOI(DPUITUEHTHI, OTIPEACIISIFOITNE BKIa TEKYIICH aTTe-
CTallid B OTMETKY IIPU MPOXO0KACHUU TPOMEKYTOUYHON aTTECTALINHU:
@opMHUpOBaHUE OTMETKH 32 TEKYLIYIO aTTECTALHIO:

= OTBETHI HA YCTHBIN ompoc — 10 %;

- pemenue 3agaq — 20 %;

- 3aIyTa Hay9HO-UccienoBarenbckux acce — 70 %.

Ntorosas oTMeTKa MO TUCHMIUIMHE PACCUMTHIBAETCS HA OCHOBE OTMETKHU Te-
KyLIel aTTecTaluu (peUTUHIOBOM CUCTEMbI OLleHKH 3HaHUM) - 40% u 3K3aMeHalu-
OHHOM oTMeTKH - 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;
— npuoOpeTeHrne HaBBIKOB 3 (EKTUBHOTO BBIMOJIHEHHUS Pa3HBIX BUIOB Mpodec-
CHOHAJILHOW JEATEIbHOCTH;
— UCHOJIB30BAHUE MPOLEAYP, CIIOCOOOB OIICHUBAHUS, (PUKCUPYIOMIUX (HOPMUPO-
BaHUE MPO(HECCHOHANBHBIX KOMITETCHIIUH.

MeTtoauuyeckune peKOMeH A UU
10 OPraHU3ANMH CAMOCTOATEIbHOI PA00THI 00y4AIOIIMXCS

[Ipu n3yuenuun yueOHON TUCHUIUIMHBI CIIEyOIIUe (POPMBbI CAMOCTOSATEIBHOM
paboOThI:

— nouck (1o100p) 1 0030p JIUTEPATYPHI U IEKTPOHHBIX UCTOYHUKOB IO UH-
TUBUAYaTbHO 33JJaHHOU TIPpOoOIeMe JUCIUTIIHHEI;

— U3y4YeHUE MaTepualia, BHIHECEHHOTO Ha CAMOCTOSATEIbHYIO TPOPabOTKY;

— TOJITOTOBKA K JICKIHSIM B TaO0PAaTOPHBIM 3aHATHSIM;

— paboThl, MpeaycMaTPUBAIOIIKME MOJATOTOBKY: PELIEHUE 33Jay U 3alUThI
HAyYHO-UCCIIEI0OBATENLCKUX ICCE.

Tem cambIM, HMeeTCSl B BUly IIOCTEIIEHHOE MpEBpallleHne 00yueHusl B caMmo-
oOyueHue, Korja MaruCTpaHT JI0JKEH MOIy4yaTh 3HaHHS T1aBHBIM 00pa3oM 3a cueT
KpEaTUBHOW CaMOCTOSITENIbHON pabOThl, CAMOCTOSITENILHO OCYLIECTBIISAS MTOUCK HE-
00xoIMMO# nH(pOpMAIUU U CO3UTATENHHO MPOPaA0ATHIBAS €€ C TEM, YTOOBI BBITIOJI-
HUTH HEOOXOAMMBIE YMO3AKIIOUEHHS U MOJYYUTh PE3yIbTaThI.

B stom ciydae, BhITIONHSS y4eOHBIC 3a/1a4d, MaruCTPAHTBI CaMOCTOSITENIbHO
pUOOPETAIOT HOBHIE 3HAHMSI, HABBIKM M YMEHHSI (B YaCTHOCTH, YMEHUE aHATTU3UPO-
BaTh U MPUHUMATh PEUICHUS B HECTAHIAAPTHBIX CUTYAIUAX), YTO OUYEHb BAYKHO JJIS
¢ dexTuBHON Oyay1Iel CaMOCTOSITENIbHON MPOPECCUOHAIBHON AESTENbHOCTH.

IIpumepHasi TeMATHKA HAY4YHO-UCCJIEI0BATEIbCKUX JCCe

1.OCHOBHBIE IPUHILIMIBI METOIA KOHEYHBIX PA3HOCTEM.

2.CoBpeMeHHbBIE TTOAXOIbI K IOCTPOCHHUIO CETOK.

3.Metoa KOHEYHBIX 00bEMOB U MHBIE MOAU(HUKAIIMN METOJ1a KOHCUHBIX Pa3HO-
CTEH.

4.Y4er HamMuus TPEIIMH W HEJIIMHEHHBIN aHAll3 B METOJAEC KOHEUHBIX Pa3HO-
CTEN/METOIE KOHEUHBIX 00BEMOB.

5.CoBpeMEHHBIE MAKETHI, PEATU3YIOIINE TEXHOJIOTUH METOIa KOHEYHBIX Pa3HO-
CTEH.
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6.OCHOBHbBIEC MPUHIUITBI METOJIa TPAHUYHBIX 3JIEMEHTOB, METOJAa TPAHUYHBIX
MHTErPAJIbHBIX YPaBHEHUH.

7 Ilpsimast u HesiBHAST (DOPMYITMPOBKHA METO/Ia TPAHUYHBIX MHTETPATLHBIX ypaB-
HEHU.

8.MopenupoBaHuEe HENMHENHOCTH U HEOAHOPOIHOM CTPYKTYPBI.

9. MozaenupoBaHHe TPEIIHH.

10.AnprepHaTiBHBIC (HOPMYITHPOBKH, CBA3AHHBIE C METOJOM TPAHUYHBIX dJic-
MEHTOB.

11.Pa3BuTHE METOIA TPAHUYHBIX 3JIEMEHTOB.

12.CoBpeMeHHbIE TAKETHI, PEATTU3YIOIINE TEXHOJIOTHH METOJA TPAHUYHBIX 3JIe-
MEHTOB /METO/a TPAHUYHBIX HHTETPAILHBIX YPAaBHECHUH.

13.OcHOBHBIE TPUHIIUIIBI METOAA KOHEUYHBIX 3JIEMEHTOB.

14. MopnenvpoBaHuEe HENMMHENHOCTH U HEOAHOPOAHOW CTPYKTYPHI.

15.MoaenupoBaHue TPEIIMH U HAPYLICHUN B TBEPIBIX AeOPMUPYEMBIX Cpe-
Jax.

16.1Ipon3BOAHBIE TEXHOJOTHUM METOJA KOHEYHBIX 3JIEMEHTOB, UX XapaKTEPHU-
CTHKA.

17.CoBpeMeHHbBIE TAKETHI, PEATU3YIOLINE TEXHOJIOTUN METO/Ia KOHEUHBIX 3JIe-
MEHTOB.

18.001111e NoHATHS U MOJIO0KEHUS METOA TUCKPETHBIX 3JIEMEHTOB.

19.51BHBIE ¥ HESIBHBIE METO/IEL.

20.PaznuuHble pean3aluy MET01a JUCKPETHBIX 3JIEMEHTOB.

21.luckpeTrur3arys 1 MoCTPOCHHE OJIOKOB.

22.0npeneneHne CBI3ei MeXIy OJI0KaMu, PEICTaBICHUE KOHTAKTOB.

23.YpaBHEeHHUS CBA3€H OJOYHBIX CTPYKTYP.

24 Meton OTHEIIbHBIX DJIEMEHTOB.

25.Meton aHanmM3a TUCKPETHBIX JieopMalini.

26.Metoa AUCKPETHBIX 3JIEMEHTOB JJI1 CUCTEM YacTull. Moenu NOKPbITUS AU-
HaMHAYECKOU PEIIETKOM.

27.0cHoBHBIE ompezaeneHus. [I[pUHIUIBI MOCTPOEHUS] THOPUIHBIX MOJIEIICH.
[Tpumepsl 3a1a4, peann30BaHHbIX Ha Oa3e ruOpuaHbIX Mojenei. Knaccudukanus co-

IPSAKCHHBIX MCTOOOB.

IIpuMepHbIH IepeYeHb BONPOCOB K IK3aMEHY

1. Classification of numerical modeling methods in the framework of continuous

and discrete media models.

The main differences between continuous and discrete methods.

3. Basic modern continuum methods of numerical analysis in continuum me-
chanics (CM).

N
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4. The essence of the finite difference method (FDM). Technologies of modeling

the features of structure and nonlinear behavior of deformable media.

Modern modifications of the finite difference method.

Finite volume method.

The main differences, advantages and disadvantages of the finite difference

method (FDM) in comparison with the method of boundary integral equations

(BEM) and the finite element method (FEM).

8. Basic principles of the boundary element method (BEM).

Q. Explicit and implicit formulations of the boundary element method
(BEM).

10.Approaches to crack modeling using the boundary element method (BEM).

11.Modern techniques of the boundary element method (BEM).

12.Evolution of boundary element methods.

13.The main advantages and disadvantages of the boundary element method
(BEM) compared to the finite element method (FEM) and the finite difference
method (FDM).

14.Basic principles of the finite element method (FEM).

15.Basic equation of the finite element method (FEM). Global stiffness matrix.

16.Modeling of cracks in the finite element method (FEM).

17.The main advantages and disadvantages of the finite element method (FEM).

18.Basic derivative realizations of the finite element method (FEM).

19.Meshless ("Element-free™) methods.

20.Basic principles of discrete element methods (DEM) construction.

21.Main groups of discrete element methods.

22.Coupled/hybrid methods. Main groups of coupled methods.

23.Multiscale conjugate methods

24.Neural network methods.

25.Main stages of numerical modeling of mechanical processes on the basis of
modern software.

N o O
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MPOTOKOJI COIJIACOBAHUS YYEBHOM ITPOT'PAMMBI YBO
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IUTMHBI, C KOTO-
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COTJIaCOBAHME

HasBanue
dbenps

Ka-

[Tpennoxxenus: 06 u3me-
HEHUSX B COJICP)KaHUU
yu4eOHOI porpaMmbl
0 U3y4aeMor y4eOHOMI
TUCIUIUTNHE

Pemienune, npuns-
Toe  Kadeapowu,
pa3paboTaBIiieit

y4eOHyI0O  TIpO-
rpammy (C ykasa-
HUEM JIaHbl U HO-
Mepa IIPOTOoKoIIa)?

Continuum me-
chanics

Kadenpa teope-
THYCCKOU u
MIPUKJIIATHON Me-
XaHUKHU

HET

WN3meHenuit B co-
JIepKaHuu  y4deO0-
HOW MpOrpaMmbl
HE TpeOyeTcs
(nmpotoxon Ne 10
ot 19.05.2023).
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