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1. leab ¥ nIaHUpPYyeMble Pe3yJabTAaThl 0CBOEHUS THCIUILIMHbI

[lenbio 0OCBOEHUS AUCHHUILINHBI SBJISETCS POPMUPOBAHUE CIAEAYIOIIUX KOMITETEHIIUI:

OIIK-1 Cnocobern ¢opMynupoBaTh [eMHM © 3aJa4d  HUCCICIOBAHHS, BBIBIATH
OPUOPUTETHl pEIleHus 3ajad, BBIOMPATh U CO3[aBaTh KPUTEPUU OLEHKU pPE3yIbTaToOB
HCCIICIOBAHUIA;.

OIIK-10 Cmocoben pa3pabarbiBaTh (PH3UKO-MEXaHUYECKHE, MAaTeMAaTHYeCKHUE |
KOMITBIOTEPHBIE MOJEIH IPH PELICHHH HAyYHO-TEXHMYECKHX 3a7ady B 00JaCTH HPUKIIAJIHOU
MEXaHHKHU;.

[1K-2 CnocobGeH caMOCTOATENbHO BBIONHATh HAy4yHBIE HCCIENOBaHUA B 00JacTu
MPUKIATHON MEXaHUKH, peuiaTh CIOXHbIE HAYYHO-TEXHUYECKHE 3a/lauM, KOTOpbIE NJIsl CBOETO
u3ydeHusi TpeOyIoT pa3pabOTKH M NMPUMEHEHHUS MAaTEeMAaTUYEeCKUX U KOMITBIOTEPHBIX MOJEICH,
OPUMEHEHUS TMPOTPaMMHBIX CHUCTeM MyabTuaucuumuHapaoro anammuza (CAE-cucrem
MHUPOBOT'O YPOBHS).

PesynbpraramMu ocBOEHUS IUCLUIUIMHBI SIBISIIOTCS CIENYIOIINE UHANKATOPBI JOCTHXKEHHUS
KOMIIETECHIINH:

HOIIK 1.1 3nate coBpeMeHHBbIE MPOOJEMBI M 33Ja4d TPUKIAJHOW MEXaHHKH,
IIPUOPUTETHBIE HANIPABJICHUS HAYYHbIX U IMPUKJIAJHBIX paOdOT B 00JIACTH NMPUKIAAHON MEXaHUKH,
MOJIXO/bI M METO/1bI (POPMYITMPOBKH KPUTEPHEB OLEHKU PELICHUA 3a/1a4 B 00JIaCTH IMPUKIIAIHON
MEXAHUKHU

NOIIK 1.2 YMmerp ¢opMyaupoBaTh LEIHM W 3aJaud HCCICJOBAHUS TPH PELICHUU
IPUOPUTETHBIX 3a/ad NPUKIAJAHOW MEXaHMKH, BBIOMpaTb M CO34aBATh KPUTEPUU OLIEHKU
pELICHNUH 3a/1a4 NPUKJIAJHON MEXAaHUKHU

HNOIIK 1.3 Bnagerp HaBbikaMu (GOPMYIUPOBKH IEJ€H M 3amad HMCCIEIOBAHUS TPHU
pelIeHNH TPUOPUTETHBIX 3a1ad TNPHUKIATHOW MEXaHWKH, BBIOMpATh M CO3/1aBaTh KPUTEPUH
OLICHKHU pENIEHU 3a71a4 MPUKIIATHOW MEXaAaHUKHI

HNOIIK 10.1 3nate coBpeMeHHbIE (U3UKO-MEXaHUYECKHE, MaTeMaTHYeCKue U
KOMITBIOTEPHBIE MOJEIM IMPH PEIICHUH AKTYyaJlbHBIX HAyYHO-TEXHHYECKHMX 3a7ad B 00JIaCTH
MPUKJIAJHON MEXAHUKHU

HNOIIK 10.2 VYmerp pa3pabareiBath (HU3UKO-MEXaHUYECKHE, MaTeMaTHYeCKUe |
KOMITBIOTEPHBIE MOJEIH IPH PEIICHUH HAyYHO-TEXHMYECKHX 3a7ad B 0O0JACTH NPUKIIAJIHOU
MEXAHUKHU

NOIIK 10.3 Brnagets MeToauKON pa3paboTku (pU3MKO-MEXaHHUECKUX, MAaTEMaTHYECKUX
Y KOMIIBIOTEPHBIX MOJIEJIEH NP peIIeHUN Hay4YHO-TEXHUYECKUX 3a/ad B 00J1aCTH MPUKIIAJIHON
MEXAHUKHU

UIIK 2.1 3HaTh: MaTeMaTHYECKUE M KOMITBIOTEPHBIE MOJIENN, MPOrPAMMHBIE CUCTEMBI
MyapTUAMCIMIIIMHApHOro aHanu3a (CAE-cucteMbl MHpPOBOrO YpOBHS), HMCHOJIb3YEMbIE IS
PEILICHH TOCTABJICHHBIX HAYYHO-TEXHUYECKUX 3a1a4

UIIK 2.2 YMeTb CcaMOCTOSTENIBHO BBINOJNHATH Hay4HblE HCCIEIOBaHHS B 00JacTu
IIPUKJIAJHON MEXaHHWKH, pelIaTh CIO0XKHBIE HAYYHO-TEXHUYECKUE 3a/1a4M, KOTOPBIE NIl CBOETO
u3ydeHusi TpeOyIoT pa3pabOTKH M NMPUMEHEHHUS MAaTEeMAaTHYECKUX U KOMITBIOTEPHBIX MOJEICH,
IPUMEHEHHUs IPOrpaMMHBIX CUCTeM MyabTUAMcUUIUIMHapHOro aHanu3a (CAE-cucrem
MHUPOBOT'O YPOBHSI)

UIIK 2.3 Brnanets HaBbIKAMHU CaMOCTOSITEILHOTO BBITTOJTHEHUSI HAYYHBIX UCCIICIOBAaHUN B
00J1aCTH MPUKIIATHON MEXaHUKH, PELICHHUS CIIOKHBIX HAYYHO-TEXHUYECKUX 3a/1a4

2. 3aga4uy ocBOEHHS JUCIHUILINHLI

— OcBoOUTH afmnapar COBPCMCHHBIX MCTOAOB MOACIHPOBAHUA B MCXAHUKC U (1)I/I3I/IKG
TBEPJIOTO TeJla Ha OCHOBE MTOIX0/[a YACTHII.

— HayuuThbcst mpuMeHATh MOHATUHHBIN amnmapar MOJAEIMPOBAHUS B MEXaHUKE U (pusuke
TBEPIOrO Tella Ha OCHOBE IIOJIXOJA YacTUI[ JUIsl PEIICHHS NPAaKTHYECKUX 3amad
npodecCHOHATBLHOMN 1eATEIEHOCTH.



3. MecTo AMCHMIIMHBI B CTPYKTYpe 00pa30BaTe/IbHON MPOrpaMMbl

Jucrumnnuaa oTHOCUTCS K brioky 1 «/lucuurminabl (MOTyIn)».
JlucummiuHa OTHOCUTCS K 4YacTH O0pa3oBaTelbHOW MPOrpaMMbl, (OPMUPYEMOi
y4acTHUKaMU 00pa30BaTeNIbHbIX OTHOIICHUMH, SIBIISIETCS 00513aTENbHOMN I U3YUEHUS.

4. Cemectp(bI) ocBOeHHS B (popMa(bl) MPOMEKYTOYHON ATTECTALMH 110 AUCHHILIMHE

Bropoii cemecTp, 3a4eT ¢ OLIEHKON

5. BxoaHble TpGﬁOBaHHH AJI 0CBOCHUA NUCHUIIJIMHBI

Jljis ycTienrHoro OCBOCHUSI JUCIUILIMHBI TPeOYIOTCS KOMIIETEHLIUH, CPOPMUPOBAHHBIE B
XO0/JIe OCBOEHHS 00pa30BaTeIbHBIX IPOTPaMM MPEIIECTBYIOLIETO YPOBH 00pa30BaHuUs.

JUis  yCcHemHoro OCBOEHUS AUCHUILIMHBI TpeOyroTcsl pe3yibTaThl OOyuYeHHUs [0
CJEIYIOIIMM TUCHUIUTMHAM: BriuncauTenbHas MeXaHUKa U KOMITbIOTEPHBIA WHKUHUPHUHT.

6. SA3bIk peanu3zanuu

Pycckuit

7. O0beM TUCHHUILINHDI

OO01ast Tpy10€MKOCTh TUCHHUTUINHBI COCTaBIseT 4 3.€., 144 JacoB, U3 KOTOPBIX:
-nmexmuu: 10 g.

-nabopatopHsie: 18 4.

O0BeM caMoCTOATETEHON PaOOTHI CTYACHTA ONPEEIICH YICOHBIM TIJIAHOM.

8. Conep:xkaHue TMCHUILIMHBI, CTPYKTYPHPOBAHHOE M0 TeMaM

Tema 1. OcHOBHBIE TOHATHS.

ITonstue mongenu u mMojenupoBaHus. OCHOBHBIE METOJIbl YHCIEHHOTO MOJECINPOBAHMS,
npuMeHsieMble B (U3MKe U MeXaHuKe TBEpAOro tena. UTo Takoe MOJeNb M MOJEIHPOBAHHUE.
Tunsl mozxeneii. KomnerorepHoe MozaenupoBaHue. JIMCKpEeTHbIE M KOHTHHYAJIbHBIE MOJEIN B
bu3NKe 1 MEXaHUKeE.

Tema 2. MeTo MOJIEKYISIPHON TMHAMUKH.

OCHOBHBIE TMOJIOKEHUS METOJa MOJIEKYISIPHOM JUHAMUKH. YPABHEHUsS JBUKCHMUS.
Breibop rpanmusbix ycnoBuil. Chnenmduka 3amaHus HadalbHBIX YycIOBHM. [loTeHumabl
MeXaToMHOro B3aumojelcTBusa. [lapHoe npubnmkeHHe M MHOTOYACTUYHBIE IMOTEHIIMATIBL.
ANTOpPUTMBI YHCIEHHOIO HWHTETPUPOBaHUA. PacueT MaKpOCKONHMYECKMX CBOWMCTB ATOMHBIX
cucteM. MeTtonbpl W IporpamMmsl Ui aHaldM3a pe3ynbTaTOB MojenupoBaHus. [Ipumepst
IPUMEHEHHS METO0/1a MOJIEKYJIIPHON TMHAMUKHU.

Tema 3. MeToabI ME30YACTHIL.

Meton wmeszouactuny A.M. KpusnoBa. VYhopyrue XapakTepUCTHKH JUIsl pa3iIM4HbIX
ynakoBOK 4actull. Meton otraenbHbix snemMeHToB IILA. Kynpamma. Cuibl MeX4aCTHYHOTO
B3aUMOJCUCTBUS B YIPYIMX M YIypyroIIaCTUYECKHX cpenax. Merox wmesouactun [I.II.
Ocrepmaiiepa, 0COOCHHOCTH ONTMCAHUS TUCCUTIATUBHBIX TIPOIIECCOB.

Tema 4. MeTox KJIIETOYHBIX aBTOMATOB.

OcHoBHbIE TTOJIOXKEHUS U orpeaenaeHus Metona. Kinaccudukanus KIeTOUHbIX aBTOMATOB.
[lonsTne axTUBHON cpenbl. TuUMbl KIETOYHBIX ABTOMATOB, HMCIOJIB3YEMBIX IIPU ONHCAHUU
pacnpocTpaHeHusi BO30YXKIEHHII B aKTUBHBIX cpeAax. ['a3oauMHamMuuecKue KIIETOUHBIE
aptomatsl. HHP u FHP wmonemu. Ilpobnembl MonenupoBaHUs TpEXMEPHBIX —3a/ad.
MoaenvupoBanue aehopMHPYEMOTO TBEPAOTO Tema (YIPyrue BOJIHBI, pa3pyIICHHE).

Tema 5. MeTon nOABUKHBIX KJIIETOUYHBIX aBTOMATOB.

[IpoGnembl pa3BUTUS TUCKPETHOrO Moaxoda B MexaHuke. OCHOBHbBIE MOJIOXKEHUS
merona. Pasmep um ¢(opmMa MOIBMKHBIX KIETOYHBIX aBTOMATOB. YPaBHEHHs MABIKEHHS Kak



ypaBHeHUs nepeHoca. OYHKIMU OTKIMKA HEHTPAIBHOTO M TaHT€HIIMAIBHOTO B3aMMOJICHCTBHS.
OO0BEMHAs coCTaBJIAIONIAs B3aUMOJICHCTBUSI. MOIeTMpOBaHUE Pa3pyIICHUST KaK TMEPEKIIOUEHUS
coctossust map. COBMECTHOE HCIOJIb30BAaHWE METO/A MOJBMXKHBIX KJIETOYHBIX aBTOMATOB U
YUCJIEHHBIX METO/I0B KOHTUHYAJIbHON MEXAHUKHU.

Tema 6. becceTounble METObI KOHTUHYAIBHON MEXAHUKH.

IMaapoaHamMuKka CTIaQXEHHBIX YacTHIl. AJTOPUTM OOOOMIEHHBIX YaCTHUIl. TOYECUHBIN
METO/1 KOHEUHBIX 3JIEMEHTOB.

9. Tekymmii KOHTPOJIb MO TUCHUILIHHE

Texymuit KOHTPOJIb MO AUCHUIUIMHE MPOBOJUTCS ITYTEM KOHTPOJIS IOCEIIAeMOCTH,
YaCTUYHOTO OIMpoca 00yyaroluXcsi U pa30opa BhI3BIBAIOIINX TPYIHOCTh B IOHUMaHUHU BOIIPOCOB
C WCMOJH30BAHUEM AaKTHBHBIX M WHTEPAKTUBHBIX (GOpM OOydeHUss BO BpeMs 3aHATHI,
BBITIOJITHCHUH WHIUBUAYAIbHBIX 3amanuil (pedepaToB) u ukcupyercs B ¢GopMe KOHTPOJIHHOU
TOYKU HE MEHEe OJIHOTO Pa3a B CEMECTP.

OueHouHble MaTepuajabl TEKYILEro KOHTPOJA pa3MelleHsl Ha caiite TI'Y B pasnmene
«Mudopmarms 06 oOpa3oBaTeabHOM mporpammey - https://www.tsu.ru/sveden/education/eduop/.

10. llopsaaok npoBeeHUs] U KPUTEPUH OLIEHUBAHUSA MPOMEKYTOYHOM aTTecTalluu

3aueT ¢ OLEHKOH BO BTOPOM CEMECTpE MPOBOIUTCS B MUCHBMEHHOU (hopme mo Ouieram.
DK3aMEHAIMOHHBIA OWUJIET COCTOUT M3 ABYX yacTel. [IpomomKUTebHOCTh 3a4eTa ¢ OLeHKOM 1
yac.

OrneHouyHble MaTepHaIbl ISl TPOBEACHUS MPOMEKYTOUHON aTTECTallii pa3MeIIeHbl Ha
caiire TI'Y B pasmene «Mudpopmanus 00  oOpa3oBarenbHOl  mporpamme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOOAMYECKOE 00ecIIeUeHHue

a) DJIEKTPOHHBIH y4eOHBIN KypC IO AMCIHUILUIMHE B 3JIEKTPOHHOM yHHBepcuTere «iDO» -
https://Ims.tsu.ru/course/view.php?id=226

0) OtleHOUHBIE MaTepHabl TEKYIIETO KOHTPOJIS M IMPOMEKYTOYHOW AaTTECTAllUU TI0
JUCLIAIIIIMHE.

12. Ilepeyenn yueOHoiIi JuTEepaTypbl u pecypcoB ceTu UHTepHeT

a) OCHOBHas JuTEparypa:

— Put M. HaHOKOHCTpyHpOBaHUE B HayKe U TEXHUKE. BBegeHUe B MUp HaHOpacyera. —
[lep. ¢ anrn. — Mxesck: HULL «PerynspHas u xaotuueckas AMHaMuka», 2005. — 160 c.

— Kpusnos A.M. JlepopMupoBanue u pa3pynieHUe TBEPABIX T€ ¢ MUKPOCTPYKTYpPOH. —
M: ®U3SMATIINUT, 2007. — 304 c.

— Tpy6OenkoB /.M. BBeaenue B cHHEpPreTwKy. Xaoc W CTPYKTyphl.— M: Emutopman
YPCC,-2004.— 235 c.

— Ilcaxpe C.I'., Cmonun A.1O., Imutpues A.W., uneko E.B., Kopocrenes C.1O. Meron
MOABUKHBIX KJIICTOYHBIX aBTOMATOB KAaK HAIIPABJICHUC I[HCerTHOﬁ BBEIUMCIUTEIBHON MEXaHUKU
// Yeobrmenckuii coopuuk. 2017. 1. 18, Ne 3(63). C. 439-460. https://doi.org/10.22405/2226-
8383-2017-18-3-439-460

— Thompson, A.P., Aktulga, H.M., Berger, R., et al. LAMMPS - a flexible simulation
tool for particle-based materials modeling at the atomic, meso, and continuum scales // Comp.
Phys. Comm. — 2022. —v. 271. — 10817. https://doi.org/10.1016/j.cpc.2021.108171

—Smolin A.Yu., Smolin L.Yu., Shilko E.V., Stefanov Yu.P., Psakhie S.G. Coupling of
Discrete and Continuum Approaches in Modeling the Behavior of Materials / in “Handbook of
Mechanics of Materials” S. Schmauder, C.-S. Chen, K. K. Chawla, N. Chawla, W. Chen, Y.
Kagawa Eds. Springer Singapore. 2019. https://doi.org/10.1007/978-981-10-6884-3 35


https://lms.tsu.ru/course/view.php?id=226

— Psakhie S.G., Smolin A.Yu., Shilko E.V., Dimaki A.V. Modeling the Behavior of
Complex Media by Jointly Using Discrete and Continuum Approaches / in “Handbook of
Mechanics of Materials” S. Schmauder, C.-S. Chen, K. K. Chawla, N. Chawla, W. Chen, Y.
Kagawa Eds. Springer Singapore. 2019. https://doi.org/10.1007/978-981-10-6884-3 79

0) IOMOSHHUTENbHAS JIUTEpaTypa:

—Salman N., Wilson M., Neville A. and Smolin A.Y. Implementation of MCA in the
framework of LIGGGHTS // V International Conference on Particle-based Methods -
Fundamentals and Applications. P. Wriggers, M. Bischoff, E. Ofiate, D.R.J. Owen and T. Zohdi
(Eds.). 2017. P. 767-7717.

— Shilko E.V., Psakhie S.G., Schmauder S., Popov V.L., Astafurov S.V., Smolin A.Yu.
Overcoming the limitations of distinct element method for multiscale modeling of materials with
multimodal internal structure // Computational Materials Science. — 2015. — V. 102. — P. 267-
285. https://doi.org/10.1016/j.commatsci.2015.02.026

— BBenenue B mareMatudeckoe MojenvupoBanue. YuebHoe mocodue / B.H. Amuxmuna u
np. llox pen. I1.B. TpycoBa.— M.: Untepmer Unxunupunr. 2000. — 336 c.

— Maremarunueckoe moxenupoBanue: IlpobGiembr u pesynbratel.— M: Hayka, 2003.—
478 c.

—T'ynn X., To6ounuk 1. KomnbsiotepHoe moaenupoBanue B pusnke: B 2-x yacTsax. Yactp
1. Ilep. ¢ anra. — M: Mup, 1990. — 349 c.

—Ocrepmaitep  I'.Il.  Merog  ME30CKONMYECKHMX  YaCTUILl Ui  ONHUCAHUSA
TEPMOMEXAHUYECKUX U (DPUKIIMOHHBIX TporieccoB // duszmueckas Me3zomexanuka. — 1999. —
Ne6. — C. 25-32.

— I[Mottep /1. Beruncnurensubie MeTObI B pusuke. — M.: Mup, 1975. — 218 c.

— Ocrepmaitep ['.I1., IlomoB B.JI. MHorouactuuHble HEPABHOBECHBIE MMOTEHIMAIIBI
B3anMOJENCTBUA B MeToe yacTull // ®usnueckass Meszomexanuka. — 1999. — Ne6. — C. 33-39.

B) pecypchl cetn MIHTepHeT:

— OTKPBITBIE OHJIAHH-KYPCBI

— DnextponHass OwuOmuoreka «EQWorld — Mup wmaremaTHuecKuX ypaBHEHHiI» B
Wucruryre npobiem mexanuku PAH (http://eqworld.ipmnet.ru/ru/library/mechanics.htm).

— https://www.wolframscience.com/

— https://www.itascacg.com/

13. Ilepeuenb MHGPOPMALMOHHBIX TEXHOJIOT U

a) JIMLIEH3UOHHOE U CBOOOIHO PacIpOCTpaHsIeMoe IIPOrpaMMHOE 0OecrieueHue:
— IIporpammer maketa LAMMPS,;
— IIporpamma MCA2D Load Test.

0) nH(MOPMAIIMOHHBIE CIIPABOYHBIE CHUCTEMBI:

— DIEKTPOHHBIN KaTajor Hayuanoit OnoOIMOoTEKH Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DneKkTpoHHAas OoubmoTeKa (pertozuTopwHii) Ty -

http://vital.lib.tsu.ru/vital/access/manager/Index
— EnmnHoe okHO gocTtyna K 06pa3oBarensHBIM pecypeam — http://window.edu.ru

14. MaTepuaJbHO-TeXHHYECKOE 00ecneuyeHue

Aynmutopun i TPOBEACHUS 3aHATUA CEMHHAPCKOTO THUIA, WHIWBUIYAIbHBIX U
rPYNIOBBIX KOHCYJIbTALUM, TEKYIIETrO KOHTPOJISA U MPOMEXKYTOUYHON aTTECTALUH.



[TomerieHust U1 cCaMOCTOSITENIbHONW pabOTHI, OCHAIIEHHBIE KOMIBIOTEPHOW TEXHUKOW U
JOCTYNOM K cetu MHTepHeT, B 3JIEKTPOHHYIO HH(OPMAIMOHHO-00pa30BaTeIbHYIO CpEly U K
UH(POPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Jls mpoBenieHUs 1a0OpaTOpHBIX padOT M BBINOJHEHHS] MHIAMBHUYaIbHOIO Pacdye€THOIO
3agaHus Tpedyercst KoMmbioTepHbli kiace [I9BM ¢ mukponpoueccopom He Huxe Intel Core 13,
o6bémomM I13Y ne mensbiie 200 I'b, 06péMmom O3Y He menbie 2 I'b (koMIbrOTEpHBIH Ki1ace).

15. Uudopmanusi o pa3padboTunkax

Aptop: Cmomun Anekceét HOpweBuu, a.¢.-m.H., mpodeccop, mpodeccop kadeaps
MexaHuku neopmupyemoro tBepaoro tena TI'Y.
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