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1. EJIb OCBOEHMA JUCIIUITJIMHbI

Jucnunnuza «MoJenupoBaHUue KOHCTPYKUMH M MaTEpUAIOB» BXOAHUT B IIPOrpaMMy
MarucCTparypasl «bammcTnyeckoe IMPOCKTUPOBAHNEC KOCMUUYCCKHX KOMIIJICKCOB H CHCTEM) IIO
Hanpasienuto 01.04.02 «[IpuknagHas MmareMaTHKa U UHOOPMATHKa» U M3Y4aeTcsl BO 2 ceMecTpe
1 xypca. Iucuummmny peanusyet Kadenapa Byza-Ilaptaépa. JuciumnianHa cocTOUT U3 7 pa3ienoB
u 18 Tem u HanpaBiieHa Ha u3yuenne mathematical foundations of material models, approximation
to real behavior, elastic models, elasto-plastic models, modeling of kinetics and microstructure,
analysis of material failure, and models of elastic damage.

Ienpto ocBocHms auciuiuaael sBisgercs the formation of fundamental knowledge and
skills in applying problem-solving methods necessary for professional activities, and increasing
the overall level of students’ literacy in Structures & Materials Modelling. After completing the
course, students will be able to discuss the terms elastic-perfectly plastic, kinematic hardening,
isotropic hardening, Bauschinger effect, and hysteresis loop; identify appropriate failure criteria
relevant to simulation for structural materials; specify appropriate material properties and
constitutive laws for models that are consistent with the materials and environments being
analysed; assess the significance of simplifying material behaviour on the objectives of analyses;
and assess the need for verification of material models.

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHUSA JUCIHUITJIMHDbI

OcBoenue qucuuIuIMHBL «MOJIEIMpOBaHUE KOHCTPYKLUI M MaTepualioB» HAIpPaBICHO Ha
(bopmupoBaHUe y 00yJarOMIUXCS CICAYIONIMX KOMIIETCHIUH (YaCTH KOMITETEHIINN ):

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00y4arOWuxcs npu 0ce0eHuu
OUCYUNTIUHBL (Pe3VTbmambvl 0C80eHUS OUCYUNTUHDL)

I/IHI[P[KaTOp])l JOCTHIKCHUS KOMIICTCHIUHN

Iudp Komnerenuus o
(B paMKax JaHHOUW NHUCUUTUINHBI)

VK-1.1 AnamuzupyeT 3a1a4y, BbIAeTss ee 0a30BbIe
COCTaBIISIONINE;;
VK-1.2 OcymecTBisieT MoucK HHPOPMAIUH JIJIST pEIICHHS
Cnoco0eH oCyIIecTBIsATh YK bop P
. MOCTaBJIEHHOH 3a/1a4M M0 PA3IUYHBIM THIIaM 3aIPOCOB, ITpeIaraeT
KpUTHUYECKUI aHaIn3
. BapHaHTHI PEIICHUS 3a/1a41, aHATU3UPYET BO3MOXKHBIE
MPOOJIEMHBIX CHTYyaIllil Ha
YK-1 MOCJIEICTBHS UX UCTIOIE30BAHIS;;
OCHOBE CHCTEMHOT'0 TIOAXO0/a,
VYK-1.3 AHanmu3upyert myTH pelreHus mpodiem
BBIPA0ATHIBATH CTPATETHIO
- MHPOBO33PEHYECKOT0, HPAaBCTBEHHOTO W JINYHOCTHOTO XapakTep Ha
OCHOBE HCIOJIH30BaHUS OCHOBHBIX (procodckux uaei u
KaTeropuii B UX HCTOPHIECKOM Pa3BUTHH U COITUAIIBHO-
KYJIBTYPHOM KOHTEKCTE.;

OI1K-2.1 Ucnonb3yeT pe3ynbTaThl MPUKIATHON MaTEeMaTUKH JIS
OCBOCHUS, /IaNTAllMX HOBBIX METOJIOB PEIIeHU 3a7a4 B 00JacTh
Crioco0eH COBEpIICHCTBOBATE I |TPO(EeCCHOHATEHBIX HHTEPECOB;;

OITK-2 peannu30BbIBATH HOBBIE OIIK-2.2 Peanm3yeT U COBEPIIEHCTBYET HOBBIE METOIBI PELICHHUS
MaTeMaTH4eCKHe METOIbI MPUKJIAIHBIX 32/1a4 B 00JIaCTH MPO(ECCHOHATIBHOM IeSTeTFHOCTH;,
pemenus npukaaaaeix 3aga4 - |OIMK-2.3 [IpoBoaANT KauecTBEHHBIN M KOIMYECTBEHHBIIN aHAIN3
MOJY4EHHOT'O PELIEHHUS C LENbI0 OCTPOSHHS ONTUMAIILHOTO
BapuaHTa.;
OIIK-3.1 Pa3zpabaTpiBacT MaTeMaTHYECKUE MOJICIIH B O0JIACTH
Cnoco6eH pa3pabaTbIBaTh MPUKJIQJIHONW MaTeMaTHKN U HH(POPMaTHKY;;
MaTeMaTUYECKUE MOJEIU U OIIK-3.2 AHanu3upyeT MaTeMaTHUECKUE MOJIENHU ATl PEIIECHHs
OIK-3 IIPOBOJUTH UX aHAIU3 PU MPUKJIAIHBIX 33734 PO(eCCHOHANIBHOMN eI TeIbHOCTH;;
peleHny 3a1a4 B 00acTi OIIK-3.3 Pa3zpabarbIBacT M aHAIN3UPYET HOBBIE MaTeMaTHUECKHE
po¢ecCHOHATBHOM MOJIENHN JIJIs peIIeHIsI MTPUKIIAIHBIX 3a/1a9 PO ECCHOHATHLHON
JEATETbHOCTH JEATEIFHOCTH B 00IACTH MPHUKJIAIHON MAaTEMaTUKU
MH(POPMATHKH. ;
T1K-3 Crioco0OeH yJacTBOBATh B ITK-3.1 3HaeT OCHOBHBIE MaTEMATHIECKHIE METOJIBI H COBPEMEHHBIS
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I/IH}II/IKaTOPLI JOCTHIKCHHUSI KOMIIETCHIINHN

Mudp Komnerennus o
(B paMKax JaHHOUW TUCUUTUIMHBI)
MIPOBEICHUH HAyIHBIX HHCTPYMEHTAJbHEIE CPEICTBA B 00IACTH OAILTHCTHIECKOTO
WCCIICIOBaHUN M pa3padOTKe  |MMPOEKTHPOBAHUS KOCMUYECKHX KOMIUIEKCOB U CHCTEM;;
MIPOeKTHHIX pemeHunit B oomactu |[1K-3.2 Bnameet 6a30BbIMH 3HAHUSMU TI0 CTaHAAPTaM, HOpMaM H
0aJUTMCTUKY, THHAMUKH U TIpaBUJIAMH pa3pabOTKH MPOCKTHBIX pelIeHui B 001acTi
YIpaBJICHUS TTOJIETAMH OaITMCTHKY, AMHAMUKH W YIIPABICHHUS MTOJIETAMH KOCMUYECKUX
KOCMHYECKHX allapaToB anrmaparos;;
[1K-3.3 YMmeeT npuMeHsITh MaTeMaTH4eCKHEe METOBI 1
COBpPEMCHHBIC HH(POPMAITMOHHBIC TEXHOJIOTUH MPH MPOBEACHUU
HAYYHBIX UCCIICIOBAHUI U Pa3padOTKe MPOCKTHBIX PEIICHUN B
00acTi OAJUTHCTUKY, THUHAMUKHU U YIIPABICHUS MOJICTAMU
KOCMUYECKHX amnaparos.;
ITK-5.1 3HaeT oTpaboOTaHHBIC U IPUMEHSIOIINECS METOTUKH, B TOM
YHCJIe U3 AHTJIOSI3BIYHBIX UCTOYHHUKOB, JUISI HCCIIEIOBAHUS
Crioco0OeH aHaIM3UPOBATH, B TOM | 0aJUIMCTHYECKUX M TUHAMUYIECKUX XapaKTEPUCTHK IIPH
YHCIIe Ha aHTJINHCKOM SI3bIKE,  |MOJEIHPOBAHIH TPACKTOPHHA MOJETOB KOCMUYECKUX allapaToB;;
METOIUKHU UCCIIEJOBAHUS [IK-5.2 Ymeer pa3pabaTeIBaTh 1 MOJCPHU3UPOBATH METOIUKA
[K-5 OaIUTUCTHYECKUX 1 HCCIICIOBaHMA OATUTMCTHYSCKUX ¥ TUHAMUICCKUAX XapaKTePUCTHK

JMHAMHYIECKUX XapaKTEPHCTHK
TIPU MOJICITUPOBAHIH TPAEKTOPHH
II0JIETOB KOCMUYECKHX aIllapaToB

MPU MOJICTTUPOBAHUN TPACKTOPHIA MOJIETOB KOCMUYECKUX
anmnapaTos;;

I1K-5.3 Bnageer MeTogaMHu U ITOAXOAAMHU K UCCIEIOBAHUIO
GaUCTHYECKUX M TUHAMUYECKUX XapaKTePUCTHUK IIPU
MOJICIMPOBAHHIH TPACKTOPHIA MOJICTOB KOCMUYECKUX alllapaToB.;

3. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIl BO

Jucuumnuza «MoaenupoBaHue KOHCTPYKIMM M MaTepUaioB» OTHOCUTCS K 00s3aTelbHOU

yactu 650ka 1 «/{ucuumnianasl (MOIyn)» 00pa3oBaTenbHOM MPOrpaMMbl BBICIIIETO 0Opa30BaHHUS.

B pamkax oOpa3oBaresnbHOM HporpaMMbl BbICHIEr0 0Opa30BaHUS OOydarolIMecs TakKKe
OCBaMBalOT JApyrue JUCHUIUIMHBI W/ MIM  TPAKTHKH, CHOCOOCTBYIOIIME  JIOCTHIKEHUIO
3allJIAaHUPOBAHHBIX PE3yJIbTATOB OCBOCHUS JUCLUUIUIMHBI «MoOaenupoBaHUE KOHCTPYKLUUN U
MaTepHaIoBy.

Tabnuya 3.1. Ilepeuenv xomnonenmos OIl BO, cnocobcmsyrouux 00CMUNICEHUIO
3aNIAHUPOBAHHBIX PE3YIbMAMO8 0CE0eHUsL OUCYUNTUHDL
Mudg Haumenosanne pgpf::l";;i:yn;(:)mn:u HC Hnorfﬁliill{ll(/);fone JIU
P KOMIeTEeHINH et *Hy ’ et *Hy ’
NMPpaKTUKHU NMPAKTUKHU
Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
RUDN Muission Control
Center) / HUP;
CrnocoGeH OCyIIEeCTBISITh Databases; Practical Tralnlng a_nd
N . . . Research in Dynamics and
KPUTHYECKHUN aHAIN3 Machine Learning and Big Data
. e Control of Space Systems
MPOOJIEMHBIX CHTYalluil Ha Mining**; . .
YK-1 - (online from RUDN Mission
OCHOBE CUCTEMHOI0 From Data Acquisition to Data
i Control Center) / HayuHo-
MOJIX0/1a, BRIPa0aTHIBAT Treatment**; )
cTpaTeruio )ICI\/'ICTBI/II‘/’I I/ICCJ'IG,HOBa".I‘CJ'IBCKa.H _pa60m,
Technological Training;
Pre-Graduation Internship in
Industry;
System Design;
Dynamics and Control of
Space Systems;




IpenmectB " Moca "
HIngp Haumenosanne zmcf[jlnrm:lilbl}l;;:)lzl:y:u, zmcunorfmil:lill(/);auou‘;fﬂn,
KOMIIETEeHIHH - -
NPAKTHKHU NPAKTHKHU
Pre-Graduation Internship in
CnocobeH Industry;
COBEPIIICHCTBOBATD U Technological Training;
PEATH30BBIBATH HOBBIC System Design;
OIIK-2 .
MAaTeMaTHIECKNAE METOBI On-board Energy;
PEIICHUSI TPUKIIATHBIX Dynamics and Control of
3amad Space Systems;
System Design;
On-board Energy;
CriocobeH pa3pabaThIBaTh Dynamics and Control of
MaTeMAaTHYCCKUEC MOJICITH U Space Systems;
MIPOBOJIMTH X aHAJIH3 TIPH Programming; Project "Drone Systems
OIIK-3 : ;
pelIeHnn 3a1a4d B 00JIacTu Engineering. Part 2";
npodeccHoHANbHON Pre-Graduation Internship in
NEeSATENbHOCTH Industry;
Technological Training;
Pre-Graduation Internship in
Industry;
Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Interpretation (online from
RUDN Mission Control
Crioco0OeH y4acTBOBAThH B Center) / HUP;
MPOBEJICHUH HAYYHBIX Practical Training and
UCCIe/IOBaHui U pa3paboTke Applied Mechanics and Research in Dynamics and
K-3 MPOEKTHBIX PEIICHUN B Engineering**; Control of Space Systems
001acTH OAITMCTUKH, Systems Engineering**; (online from RUDN Mission
JMHAMUKHU U YIIPaBJICHHS Control Center) / Hayuno-
I10JICTaMHU KOCMUYECKHUX uccieaoBarTeiabCKas pa60Ta;
anmnapaToB Technological Training;
System Design;
On-board Energy;
Dynamics and Control of
Space Systems;
Project "Drone Systems
Engineering. Part 2";
Pre-Graduation Internship in
Industry;
Practical Training in
Receiving Remote Sensing
Data from Satellites and its
Cnocob6eH aHaM31pOoBaTh, B Interpretation (online from
TOM YHCJI€ Ha aHTITUHCKOM RUDN Mission Control
SI3bIKE, METOJIMKU English Language; Center) / HUP;
HCCIIeIOBaHUS Applied Mechanics and Practical Training and
K-5 OaJUTHCTHYECKHUX U Engineering**; Research in Dynamics and
JMHAMHYECKUX Systems Engineering**; Control of Space Systems
XapaKTepUCTHUK IPH Russian as a Foreign Language; (online from RUDN Mission
MOJETUPOBAHUU Control Center) / Hayuno-

TpaeKTOpI/Iﬁ II0JICTOB
KOCMHYCCKHX armnaparoB

HCCJICA0BATCJIbCKaA pa60Ta;
Technological Training;
System Design;

On-board Energy;
Dynamics and Control of
Space Systems;




* - 3aIIOJIHAETCS B COOTBETCTBUH ¢ MaTpuiei kommereHui u CYIT OIT BO
** - 3JICKTUBHBIC TUCIUIUINHBI /TIPAKTHKH



4. OFbEM JUCHUILIVNHBI U BUJIbI YYEBHOM PABOTHI

OO1m1ast TPYA0EMKOCTh UCIUILTUHBI «MOoJIeTupoBaHie KOHCTPYKIIMN H MATEPUATIOBY COCTABIICT «S5» 3a4ETHBIX CMHHII.
Tabnuya 4.1. Buowl yuebHOU pabomvl no nepuooam 0C80eHUsi 00pA308amMenbHOU NPOSPAMMbL 8blCUIe20 00pA308aHUsL Ol OYHOU (HOpPMbL
0OyueHusl.

Buja yueOHoii padoThl BCETIO, ak.u. CeMec2T pCED)
Koumaxmmnas paboma, ax.u. 90 90
Jlexrun (JIK) 36 36
Jlabopartopusie pabotsl (JIP) 18 18
IMpaktryeckue/cemunapckue 3ansatus (C3) 36 36
Camocmosmenvras paboma 00y4arOWuxcs, ax.u. 54 54
Koumponw (ax3amen/3auem c oyenkoil), ax.u. 36 36
OO01asi TPYI0E€MKOCTh THCHHILTHHBI aK.4. 180 180
3a4.e/1. 5 5




5. COAEPKAHUE JTUCIUIIJIMHbI

Tabauya 5.1. Codepoicanue oucyuniunvl (MoOYas) no 8U0am y4eonol pabomoi

Homep HaumenoBanmue pazaesna Bn "
pasiena O — HaunmeHnoBanue TeMbl Copep:xaHue TeMbl yueOHoit
padoThI*
Purpose of material models in structural analysis. Requirements:
physical basis, mathematical consistency, predictive capability, TIK. JIP
1.1 |Need for and requirements of material models |computational efficiency. Role of material models in design, safety C’3 ’
assessment, and life prediction. Calibration and validation against
Pasnen 1 |Introduction experimental data
Idealizations and simplifications in material modelling.
Assumptions: homogeneity, isotropy, continuity, small TIK. JIP
1.2 |Approximation of real behaviour deformations. Limitations of idealized models. Trade-offs between C’3 ’
model accuracy and computational complexity. Treatment of
heterogeneity and imperfections.
Linear elasticity: Hooke's law, proportionality between stress and
strain. Range of applicability and limitations. Non-linear elasticity:
. . - hyperelasticity and hypoelasticity. Strain energy functions for JIK, JIP,
21 Linear and non-linear elasticity hyperelastic materials: Neo-Hookean, Mooney-Rivlin, Ogden C3
models. Applications to rubbers, biological tissues, and large-
Pasmen 2 |Elastic models defo_rr_ngtion ma‘FeriaIs. —— - -
Definition of anisotropy: direction-dependent material properties.
Types of anisotropy: orthotropy, transversely isotropy, full
29 |ani anisotropy. Representation of anisotropic elastic constants using JIK, JIP,
. nisotropy - . . .
compliance and stiffness matrices. Material symmetry planes. C3
Examples: composites, wood, crystalline materials, biological
tissues. Transformation of properties with coordinate rotation.
Definition of yield as onset of permanent plastic deformation.
Isotropic yield criteria for metals: Tresca criterion, von Mises
31 |Yield criteria criterion. Pressure_—dependent yield criteria f(_)r s_oils an_d polymers: JIK, JIP,
' Drucker-Prager criterion, Mohr-Coulomb criterion. Yield surface C3
representation in principal stress space. Experimental determination
Paspmen 3 |Elastoplastic models of yield parameters.
Flow rule relating plastic strain increments to stress state.
Associated flow rule: plastic flow direction normal to yield surface.
. . . . X JIK, JIP,
3.2 |Plastic flow models Non-associated flow rule for pressure-sensitive materials. Dilatancy 3
and compaction during plastic deformation. Hardening rules:
isotropic hardening, kinematic hardening, mixed hardening.




Homep
pasnena

HaumeHnoBaHnue pa3aeia
JUCHUIIINHBI

HaumeHoBaHue TeMBbI

Coaep:xanue TeMbl

Bun
y4eOHoi
padoThr*

Hardening functions and evolution equations.

3.3

Associated plasticity

Definition and mathematical formulation of associated plasticity.
Normality condition. Advantages: uniqueness, stability, existence
theorems. Energy dissipation in associated plasticity. Limitations:
overestimation of dilatancy for frictional materials. Examples of
materials following associated flow: metals under certain
conditions.

JIK, JIP,
C3

3.4

Rheology

Definition of rheology as study of flow and deformation of
materials. Viscosity and viscoelasticity. Mechanical analog models:
Maxwell model for stress relaxation, Kelvin-Voigt model for creep,
Standard Linear Solid model. Creep compliance and relaxation
modulus. Time-dependent material behaviour. Application to
polymers, asphalt, biological tissues.

JIK, JIP,
c3

35

Concrete plasticity model

Specific features of concrete behaviour: pressure sensitivity, brittle-
ductile transition, post-peak softening. Concrete yield surfaces:
Drucker-Prager cap model, Willam-Warnke model. Compression
and tension asymmetry. Modelling of strain softening and
localization. Implicit and explicit integration schemes for concrete
plasticity.

JIK, JIP,
c3

Pasnen 4

Kinetics and microstructure
modelling

41

Simulation of hydration kinetics

Process of cement hydration and its influence on material
properties. Kinetic models for hydration reactions. Degree of

hydration and its evolution over time. Heat release during hydration:

adiabatic temperature rise. Coupling between hydration kinetics and
mechanical property development. Numerical methods for solving
kinetic equations.

JIK, JIP,
c3

4.2

Thermodynamic stability in the pore structure

Pore structure development during material formation.
Thermodynamic equilibrium conditions in porous media. Capillary
pressure and surface energy. Phase transitions within pores:
freezing, evaporation, condensation. Influence of pore size
distribution on material behaviour. Hygrothermal coupling effects.

JIK, JIP,

4.3

Modelling the hardened properties of the
microstructure

Relationship between microstructure and macroscopic properties.
Homogenization methods: direct homogenization, mean-field
methods, full-field methods. Representative volume element
concept. Prediction of stiffness, strength, permeability, thermal
conductivity from microstructure. Image-based modelling using
micro-CT data. Multiscale modelling approaches.

JIK, JIP,
c3




Bun

Homep HaumenoBanmue pasgeia .
HaumMmeHoBaHHue TeMbl Couepma}me TEMBbI yqeﬁﬂon
pasaeia TUCIHUIIITHHBI -
padoThI
Material instability as precursor to failure. Loss of ellipticity and
localization of deformation. Bifurcation theory applied to TIK. JIP
5.1 |Loss of stability constitutive models. Neutral loading and material softening criteria. o
) . A ) . S C3
Methods for detecting onset of instability in numerical simulations:
eigenvalue analysis, acoustic tensor determinant.
Paznen 5 | Analysis of material failure Diffuse failure: distributed damage without formation of a single
dominant crack. Local failure: strain localization into narrow bands.
. . Factors promoting shear bands versus compaction bands. JIK, JIP,
5.2  |Diffuse and local failure i - . . .
Regularization techniques for mesh dependency in strain-softening C3
materials. Non-local models, gradient-enhanced models, and
viscous regularization.
Mechanisms of stiffness degradation: microcracking, void
Degradation of stiffness due to progressive coalescer_lce, fibre breakage. Relationship be_zt\_/veen damage varla_\ble JIK, JIP,
6.1 damage and elastic modulus. Coupled damage-plasticity models. Evolution 3
g of Poisson's ratio during damage. Experimental measurement of
stiffness degradation.
Pasnen 6 |Elastic damage models Definition of scalar damage factor ranging from zero for intact
material to one for fully damaged material. Phenomenological
6.2 |Scalar damage factor Versus physmally-l:_)ased damago_a laws. Effects of loading history on | JIK, JIP,
damage accumulation. Comparison of Mazars damage model, C3
Lemaitre damage model, and other formulations. Calibration of
damage parameters from experiments.
Extension of material models from uniaxial to multiaxial stress
states. Three-dimensional formulation of yield criteria, flow rules,
L X L) : JIK, JIP,
7.1 Incorporation into general stress space and damage laws. Mapping of stress invariants to model behaviour 3
under combined loading. Treatment of complex loading paths and
load reversals.
L . Numerical implementation of material models in finite element
Pasnen 7 | Incorporation into analysis analysis. Stress update algorithms: elastic predictor, plastic
Approximations on implementation into corrector. Return mapping a_lgorlthms for plasticity. C0n§|stent JIK, JIP,
7.2 . tangent operator for quadratic convergence. Implementation
analysis software C3

considerations for implicit and explicit solvers. Material subroutines
in commercial software. Verification and validation of
implementation.

* - zanosnHsercs Toasko 1o OUHOM dopme obyuenus: JIK — aexyuu,; JIP — nabopamopnvie pabomel; C3 — npaxmuyeckue/ceMunapcrue 3ausamusi.




6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Tun aynuropun

OcHaleHue ayauTopun

Cneuunajau3supoBaHHoe
yueOHoe/1adopaTopHoe
obopynoBanme, IO u
MaTepuabl 1J1s1 0CBOCHHSA
AUCHUTLTAHBI
(mpu HE0OXOAUMOCTH)

JlexumnonHnas

Aynuropus JUIs IPOBEICHUS 3aHATUI
JICKIIMOHHOTO THIIa, OCHAIICHHAS
KOMIUICKTOM CIEIUATH3UPOBAHHON MEOeIH;
JIOCKOH (9KpPaHOM) U TEXHHYECKUMU
CpeJICTBAMU MYJIbTHMEIHA MTPE3CHTAIIHIA.

KomMnbsrorepHslii
KJ1acc

KomnbroTepHslil Ki1acc 1 IpOBeAECHUS
3aHSTUN, TPYNIIOBBIX U MHIAWBUIYaJIbHBIX
KOHCYJIbTAIMH, TEKYIIETr0 KOHTPOJIS U
MIPOMEXYTOUHOM aTTecTaluu, OCHAILlEHHAs
NEePCOHATIBHBIMU KOMIIbIOTEPAMH (B
KOJIMYECTBE  IIT.), JOCKOW (3KpaHOM) U
TEXHUYECKUMU CPEICTBAMH MYJIbTUMEIUA
IIPE3CHTALMM.

CemuHapckas

AyauTopus Juisl IPOBEICHUS 3aHATUN
CCMHUHAPCKOI'0 TUIlA, TPYHIIOBBIX U
VHJIMBU1YaJIbHBIX KOHCYJIBTAINH, TEKYILETO
KOHTPOJIA U POMEKYTOUHOM aTTECTALUH,
OCHAIICHHAs] KOMILJIEKTOM
CHeIMaTu3UPOBAHHON MeOeH U
TEXHUYECKUMHU CPEACTBAMU MYJIbTUMEANA
MIPE3EHTALNMN.

Jns
CaMOCTOSITEIbHON
paboTsl

AymuTopus Ui CaMOCTOSITENIbHONW paboThI
oOydJaroruxcst (MOXKET UCTIOJIb30BATHCS IS
MIPOBE/ICHUS] CEMUHAPCKUX 3aHATUH U
KOHCYJIbTAIIHi ), OCHAIIEHHAS KOMIIEKTOM
CreLMaNIN3UPOBaHHON MeOenu U
KoMImbroTepami ¢ goctynoM B QUOC.

* - ayIUTOPHS AJII CAMOCTOSATENbHOM paboThl oOyuaromuxcs ykassiaercs OBA3ATEJIbHO!

7. YYEBHO-METOIMYECKOE
JUCHHUITVIMHbBI

OcHoenas tumepamypa:
1. “An Introduction to the Use of Material Models in FE”, Nawal K Prinja and Anup K

Puri, NAFEMS

n HHPOPMAIIMOHHOE OBECIIEYEHHE

2. “Materials Science and Engineering An Introduction”, William D. Callister, Jnr.

3. “Modelling of Concrete Performance — Hydration and Microstructure”, K. Maekawa

4. “Numerical Modelling of Concrete Cracking”, G. Hofstetter and G. Meschke
Hononnumenvnas aumepamypa:

1. “Nonlinear Finite Element Analysis of Solids and Structures”, Crisfield MA, John

Wiley & Sons.

2. “Constitutive Modelling of High Performance Concrete”, Fédération linternationale du

10




Béton (fib) — State of the art report.
Pecypcwr ungopmayuonno-menexommyHuKayuoHHou cemu « Mnmepuemy:
1. ObC PYIH u croponnue ObC, Kk KOTOPBIM CTYI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMH 3aKJIFOYCHHBIX JIOTOBOPOB
- DnekTpoHHO-O6ubMoTeunas cuctema PY/IH — ObC PYIH
http://lib.rudn.ru/MegaPro/Web
- OBC «YHuBepcurerckas Oubauorexa onnan» http://www.biblioclub.ru
- OBC IOpaiit http://www.biblio-online.ru
- OBC «KoncynbraHT cryfenta» www.studentlibrary.ru
- OBC «Tpounkuit MOCT»
2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI
- QJIGKTPOHHBIN (POH]] TPABOBOI U HOPMATUBHO-TEXHUYECKOH TOKYMEHTAIIUU
http://docs.cntd.ru/
- mouckoBas cuctema Suaekc https://www.yandex.ru/
- mouckoBas cucreMa Google https://www.google.ru/
- pedeparuBHas 6a3a nanubix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yyebno-memoouueckue mamepuanwvl 0151 camocmosmenbHol pabomul 00y4arOWUXC NPU
0CB80EHUU OUCYUNTUHBL/MOOYIS*:
1. Kypc neknuii mo qucuuruimae «MoJenupoBaHie KOHCTPYKIIUH H MAaTEPUAIIOB Y.

* - Bce yueOHO-METOANYECKHE MaTepHallbl Uil CaMOCTOATENbHOM paboThl 00ydaromuxcs
pa3MenarTcs B COOTBETCTBUHM € JEMCTBYIOUM NOPsAKOM Ha cTpanule aucuuiuinasl B TYHUC!
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