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1. Hesb 1 n1aHupyeMble pe3yJbTAaThbl 0CBOCHHS IMCHHIJIHHbI

[{enpro OCBOEHUS TUCIUTIINHBI SBISETCS POPMUPOBAHUE CIEAYIOMUX KOMITETECHITUH:

OIIK-1 Cnocoben ¢opMynupoBaTh IENM UM 3aJadyd  HUCCIEIOBAHUSA, BBIABISITH
NPUOPUTETHI pEIIeHUs 3a7ad, BBIOUPATh U CO3[aBaTh KPHUTEPUU OIEHKU pPE3yJIbTaTOB
HCCJICTOBAaHUM;.

OIIK-10 Cmocoben paspabaTbiBaTh (DU3UKO-MEXaHUYECKHE, MaTeMaTHYeCKHue |
KOMIIBIOTEPHBIE MOJIENH TPU PEUICHHH HAay4YHO-TEXHUYECKHX 3aJady B 00JIACTH MPUKIIATHON
MEXaHUKH;.

[IK-2 CmocoOeH caMOCTOSATEIbHO BBITIOJNHIATh HAy4YHBIE HCCIEAOBaHUS B 00JacTh
NPUKIIATHON MEXaHUKH, PEllaTh CIOKHbIE HAYYHO-TEXHUYECKHUE 3aJlayd, KOTOPBIE AJISI CBOETO
U3y4YeHUs] TpeOyIOT pa3paboTKU M MPUMEHEHUS MAaTEMaTHYECKHMX M KOMIIbIOTEPHBIX MOJIENEH,
NPUMEHEHHUS TMPOTPAMMHBIX CHCTeM MynbTuauciuimimHapaoro anammza (CAE-cucrem
MHPOBOTO YPOBHS).

Pesynbpraramu 0CBOEHUS AMCLUIUIMHBI SBIISIOTCS CICAYIONINE UHAUKATOPBI TOCTHKEHUS
KOMIIETEHLIHM:

HNOIIK 1.1 3Harh coBpeMEHHbIE TPOOJEMBI W 3aJaddl TMPUKIAJTHON MEXaHUKH,
MPUOPUTETHBIC HAMIPABJICHUS HAYYHBIX U MPUKJIAAHBIX paboT B 0071aCTH MPUKIATHON MEXaHUKH,
MOJXObI U METOIbI (OPMYITUPOBKH KPUTEPUEB OLIEHKU PEHICHUs 3a7ad B 0071aCTU MPUKIIATHON
MEXaHUKH

HNOIIK 1.2 VYmers dopMmyaupoBaTh MEIW W 3a0a4¥ HCCICJOBAaHUS TPH PEUICHUHU
NPUOPUTETHBIX 3a7a4 NPUKIATHOW MEXaHWKH, BBIOMPATh W CO3/1aBaTh KPHUTEPUU OICHKU
peLIeHHH 3a/1a4 NPUKIAJHON MEXaHUKHU

NOIIK 1.3 Bragers HaBblkamMu (OPMYJIMPOBKH LEJNed M 3aJad HUCCICHOBaHHUS TpU
pElIeHUH TPUOPUTETHBIX 3aJay MPUKIAAHON MEXaHUKH, BBIOMpATh M CO37aBaThb KPUTEPHUH
OLICHKM pELICHUH 3a1a4 PUKIIAJHON MEXaHUKH

HNOIIK 10.1 3nate coBpeMeHHbIE (U3UKO-MEXaHUYECKHE, MaTeMaTHYeCKHue |
KOMIIBIOTEPHBIE MOJIEIH TPU PEIICHUU aKTyallbHBIX HAyYHO-TEXHHYECKHX 3a]a4 B 00JacTH
MPUKJIAAHON MEXaHUKHU

HNOIIK 10.2 VYmerp paspabaTbiBaTh (U3UKO-MEXaHWYECKHE, MaTeMaTH4YecKue u
KOMIIBIOTEPHBIE MOJIENH TPU PEUICHHH HAay4YHO-TEXHUYECKHX 3aJady B 00JACTH MPUKIIATHON
MEXaHUKH

HOIIK 10.3 Braaetr METOIUKON pa3pabOTKH (HPU3UKO-MEXaHUIECKUX, MATEMaTHIECKUX
U KOMIBIOTEPHBIX MOJENEH MPHU PEIICHUH HAyYHO-TEXHHYECKHUX 3a7a4 B 0OJIACTH MPUKIIATHOU
MEXaHUKH

NIIK 2.1 3Harh: MareMaTH4YECKHE U KOMIIBIOTEPHBIE MOJIENH, IIPOrPAMMHBIE CHCTEMBI
mynbTuaucuuminHapHoro ananuza (CAE-cucteMbl MHpPOBOrO YpOBHS), HCHOJb3yeMbIE IS
pelIeHus MOCTaBICHHBIX HAYYHO-TEXHUYECKUX 3a7a4

UIIK 2.2 YMerh €aMOCTOSITEIBHO BBITIONHATh HAY4YHBIE HCCICAOBAHUS B 00JacTH
MPUKIIATHON MEXaHUKH, PEllaTh CIOKHbIE HAYYHO-TEXHUYECKUE 3aJlayd, KOTOPBIE JJISI CBOETO
U3y4YeHUs] TPeOyIOT pa3pabOTKU M MPUMEHEHHUS MAaTeMaTHYECKHMX U KOMIIbIOTEPHBIX MOJIENEH,
NPUMEHEHHUS TMPOTPAMMHBIX CHCTeM MynbTuauciuimimHapHoro anammza (CAE-cucrem
MHPOBOTO YPOBHS)

UIIK 2.3 BrniageTs HaBbIKaMU CaMOCTOSTENILHOTO BBIMOTHEHUSI HAYYHBIX UCCIIEIOBAHUM B
o0JacTy MPUKJIaIHON MEXaHUKHU, PELICHHS CIIOKHBIX HAYYHO-TEXHUYECKUX 3a7a4

2.3ana4m 0CBOCHUA JUCHHUIIMHBI

— OcBouTh amnmapaT COBPEMEHHBIX METOJOB MOJEIMPOBAHMS B MEXaHUKE U (U3HKE
TBEPJIOTO TeJla Ha OCHOBE MOJIX0/1a YaCTHII.

— Hayuutbcst mpUMeHATh MOHATUIHBIN anmnapaTr MOAEIUPOBAHUS B MEXaHUKE U (U3UKE
TBEpJOTO TeJa Ha OCHOBE IMOAXOJAa YaCTHUI[ JUIsl pEHIeHHs MPaKTUUYEeCKUX 3ajad
npohecCuOHaNBbHOM NeSTENbHOCTH.



3. MecTo TUHCUMILIMHBI B CTPYKTYpe 00pa30BaTeJIbHON MPOrpaMmbl

JucuumimHa otHocuTed K biioky 1 «/lucturuinael (Moynn).
JlucruniamHa OTHOCHTCS K 4YacTH 0Opa3oBaTelbHOM MpOTrpaMMbl, (HOpMHUPYEeMOi
Y4aCTHUKaMU 00pa30BaTeNbHBIX OTHOIICHUH, SABISICTCS 0053aTEIbHOM I U3yUCHHSL.

4. Cemectp(bl) ocBOeHHS M (popMa(bl) MPOMEKYTOYHON ATTECTAUMM 0 JUCHHUIIIIMHE

Bropoii cemecTp, 3a4eT ¢ OLICHKOU

5. BxoaHble TpeOOBaHUS AJIS OCBOEHH S AU CUUIIMHBI

JUist yCHemHoro 0OCBOCHUs AUCHUIUINHBI TPEOYIOTCSI KOMIIETEHIIUH, C(OPMHUPOBAHHBIE B
XO0JIe OCBOEHHsI 00pa30BaTEIbHBIX IPOrPaMM IPEIIECTBYIOLIETO YPOBHS 00pa30BaHuUs.

JUisi  yCHEemHOro OCBOGHHSI JUCHMIUIMHBI TpeOYyIOTCs pe3ysibTaThl OOY4YeHHS IO
CJIEYIOIIMM JUCLUILUINHAM: BpanucauTenpHas MEXaHUKAa U KOMIIBIOTEPHBIA MH)KHHUPHHT.

6. S13bIk peanu3zanun

Pycckuii

7. O0BbeM TUCHUILIAHBI

OO6m1ast TpyA0€MKOCTh TUCIMIUIMHBI COCTABIISIET 4 3.€., 144 4acoB, U3 KOTOPBIX:
-nekruu: 10 y.

-maboparopHsie: 18 4.

O0BeM caMoCTOSTENbHON pabOTHI CTy/IEHTA ONPEAEIICH yUeOHbBIM IIIIAHOM.

8. Conepxxanue IMCHUIJIMHBI, CTPYKTYPUPOBAHHOE 110 TeMaM

Tema 1. OCHOBHbBIE TOHSITHS.

[TonsTe Moaenu u MojenupoBaHus. OCHOBHBIE METOJIbI YUCIECHHOTO MOJECIUPOBAHMS,
npuMeHsieMble B (M3MKE M MeXaHuKe TBEPAOro Teia. UTo Takoe MOJENbh W MOJCIUPOBAHHUE.
Tunsl moaeneit. KomneroTepHoe MmonenupoBanue. J[MCKpeTHbIE U KOHTHHYaJIbHBIE MOJEIU B
¢du3uKe 1 MEXaHUKE.

Tema 2. MeToa MOJIEKYISIPHON JTUHAMUKH.

OCHOBHBIE TOJIOKEHUS METOJla MOJEKYJISPHOM JIUHAMUKH. YPaBHEHUS JBUKCHHUS.
Bri6op rpaHununbix ycnoBuid. Cnemuduka 3amgaHWs HadadbHBIX yclIoBHM. [loTeHIManb
MEXaTOMHOTO B3auMmojelcTBusa. [lapHoe npuOMIKEHWE W MHOTOYACTHYHBIC TOTCHIIMATIBL.
AJNTOPUTMBI YHCJICHHOTO HWHTETpUpOBaHUS. PacueT MakpOCKONMUYECKHUX CBOMCTB aTOMHBIX
cucteM. MeTronbpl W TporpaMmbl Ui aHalIW3a pe3yiabTaToOB MojaenupoBaHus. [Ipumepst
MPUMEHEHHUS METO0/1a MOJIEKYJISIPHOM THHAMUKHU.

Tewma 3. MeToabl Me304acTHIL.

Meron wme3ouactunr A.M. KpuBnoBa. Ynpyrue XapakTEepUCTHKU Uil Pa3IMYHbBIX
ynakoBOK dacTull. Merox otaenbHbIX 3memMeHToB [ILA. Kynpamma. Cuiabl MeX4acTUYHOIO
B3aMMOJICUCTBUSI B YIOPYTUX M YIOypyromjacTUueckux cpemax. Meroxg wmezowactui [.I1.
Octepmaiiepa, 0cOOEHHOCTH OMMCAHUS TUCCUITATUBHBIX MPOLIECCOB.

Tema 4. MeTo KJIETOYHBLIX aBTOMATOB.

OcHOBHBIE TIOJIOKEHUS | OoIpeneneHus MeToaa. Kinaccudukarus KIeTOUHBIX aBTOMATOB.
[TonsitTue axTUBHOM cpenpl. THUIBI KIETOYHBIX aBTOMATOB, MCIOJNb3YEMbIX IpPHU OMNHUCAHUU
pacnpocTpaHeHuss BO30YXKIEHUI B aKTUBHBIX cpeaax. | a3oJuHaMHyYecKue KIIETOYHBIC
asromatel. HHP wu FHP wmomemn. IlpobGrnembr MonenupoBanusi TpPEXMEPHBIX —3ajad.
MonenupoBanue neopMupyeMoro TBEPIOTO Tela (YIpyTrue BOIHbI, pa3pylIeHUE).

Tema 5. MeTo MOABUIKHBIX KJIETOYHEIX aBTOMAaTOB.

[IpoGneMbl pa3BUTHS TUCKPETHOrO mMOAaXoAa B MexaHuke. OCHOBHBIE MOJIOKECHUS
metona. Pasmep u ¢dopMa MOABMKHBIX KIETOYHBIX aBTOMATOB. YPaBHEHUS [BHKEHUS Kak



ypaBHEeHUs nepeHoca. OyHKIUN OTKJIMKA [EHTPATBHOIO M TaHT€HIIMAIBHOTO B3aMMOACHCTBHUSI.
O06BémMHas cocTaBisIoONas B3auMoeiicTBUA. MoAennpoBaHue pa3pylIeHUs KaK MEepeKIIOUCHHS
coctosiHusl map. COBMECTHOE HCIOJIb30BAHUE METOJIa MOJBHKHBIX KJIETOYHBIX ABTOMATOB W
YUCJIEHHBIX METOJIOB KOHTUHYAJIbHON MEXaHHKH.

Tema 6. becceTouHble METOAbI KOHTUHYAJIBHOM MEXAHUKH.

lManpoauHamMuKa CrIaXEHHBIX YacTHIl. AITOPUTM OOOOMIEHHBIX YacTHIl. TOYEeUHBI
METOJT KOHCYHBIX JJIEMEHTOB.

9. Tekymuii KOHTPOJIb O TUCHUIINHE

Texkymmii KOHTPOJb MO IUCHMILIMHE HPOBOJUTCA IyTEM KOHTPOJS IOCEHIAeMOCTH,
YaCTUYHOTO OIpOca 00YYaIOIIMXCs U pa300pa BhI3BIBAIOUINX TPYIHOCTh B IOHUMAaHUU BOIIPOCOB
C HCIOJb30BAaHMEM AaKTHBHBIX M WHTEPAaKTUBHBIX (OpM O0OydeHUs BO BpeMs 3aHATHI,
BBINIOJIHEHUH WHAWBUIYANbHBIX 3a1aHuil (pedeparoB) u Quxcupyercs B (opMe KOHTPOIBHOM
TOYKU HE MEHEE OJIHOTO Pa3a B CEMECTP.

OneHouHble MaTepuaiabl TEKYLIETO KOHTpOJd pa3MenieHsl Ha caite TI'Y B pasgene
«udopmarnus 06 o6pa3oBaTenbHON Mporpamme» - https://www.tsu.ru/sveden/education/eduop/.

10. ITopsiaok npoBeieHUsI H KPUTEPUH OLCHUBAHUSA NIPOMEKYTOYHOM aTTecTallnu

3adeT ¢ OIEHKOW BO BTOPOM CEMECTPE MPOBOIUTCS B MUCHbMEHHOH (opMe Mo OujeTam.
DK3aMEHAIMOHHBIA OMJIET COCTOMT U3 JBYX dacTei. [IpomomKuTenbHOCTh 3aueTa ¢ OLEeHKOH 1
yac.

OneHouHble MaTepuallbl UIsl IPOBEAEHUS NIPOMEKYTOYHON aTTECTAllMM pa3MEIIEHbl Ha
cahte TI'Y B pasmene «Mudopmanus o0  oOpa3oBaTeNbHOM  TporpamMmey -
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00€ecIIeueHue

a) DJEKTPOHHBIM y4eOHBIN Kypc MO JUCHUIUIMHE B 3JIEKTPOHHOM YHUBepcutere «iDO» -
https://Ims.tsu.ru/course/view.php?id=226

6) OueHouHBIE MaTepHalbl TEKYIIEro KOHTPOJIS M IMPOMEXKYTOUYHOH arTecTaluu I10
JUCLUTUIMHE.

12. Ilepevyenn y4yeOHOM auTepaTypsl U pecypcos cetu UHTEepHeT

a) OCHOBHas JUTEpaTypa:

— Pur M. HaHOokOHCTpyHpOBaHHE B HayKe U TEXHHMKE. BBelneHre B MUp HaHOpacyeTa. —
Ilep. ¢ anrn. — Mkesck: HULL «PerynspHas u xaotuyeckas guHamuka», 2005. — 160 c.

— Kpusnos A.M. JlebopmupoBanue u pa3pymeHre TBEPABIX Tell ¢ MUKPOCTPYKTYpPOi. —
M: ®U3MATIIUT, 2007. — 304 c.

— Tpy6euxoB /I.M1. Benenue B cuHepretuky. Xaoc M CTpyKTypbl.— M: Eauropuan
YPCC,-2004.— 235 c.

—Icaxwe C.I'., Cmonun A.10., Imutpues A.U., lllunsko E.B., Kopocrenes C.}0. Meton
MOJIBUKHBIX KJIETOUYHBIX aBTOMATOB KaK HalpaBleHUE TUCKPETHON BBIYMCIUTEIBHON MEXaHUKU
// YeobrmeBckuit 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 I.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) JOMONHUTENbHAS TUTEPATYpA:

— 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. Onate, D.R.J. Owen and T. Zohdi
(Eds.). 2017. P. 767-777.

— 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

— BBesieHre B MaTeMaTH4YeCKOe MOJenrpoBanue. Y4yebnoe nmocooue / B.H. Amuxmun u
ap. lox pen. I1.B.Tpycosa.— M.: Uatepmer Umxunupunr. 2000. — 336 c.

— Marematnyeckoe moxaenupoBanue: [Ipodmemsr u pesympratel.— M: Hayka, 2003.—
478 c.

—I'ynn X., To6ounuk . KomnbroTepHoe MoaenupoBanue B pu3nKe: B 2-X yacTsax. YacTp
1. ITep. ¢ aarn. — M: Mup, 1990. — 349 c.

— Octepmaiiep I'.I1. Meton ME30CKOITMYECKUX YACTHUII 1A OIUCAHUS
TEPMOMEXaHUYECKHX U (PUKUMOHHBIX mpoueccoB // dusznueckas Me3zomexanuka. — 1999. —
Ne6. — C. 25-32.

— ITottep /1. Boruncnurensubie MeTos! B pusuke. — M.: Mup, 1975. - 218 c.

— Ocrtepmaitep ['.II., IlomoB B.JI. MHoOroyactTuyHbie HEpPaBHOBECHBIE MOTEHIIUAIBI
B3aMMOJIeCTBYS B MeToe yactull // Guznueckas Me3zomexanuka. — 1999. — Ne6. — C. 33-39.

B) pecypchbl cetu HTEpHET:

— OTKPBITHIC OHJIAH-KYPCHI

— OnektpoHHass Oubmuoreka «EqWorld — Mup wMarematuyeckux ypaBHEHHiD» B
HNucturyre npobnem mexannku PAH (http://eqworld.ipmnet.ru/ru/library/mechanics.htm).

— https://www.wolframscience.com/

— https://www.itascacg.com/

13. Ilepeyenb HH(POPMAIIMOHHBIX TEXHOJIOT M

a) JIMIIEH3NOHHOE U CBOOOJIHO PACTIPOCTPAHIEMOE MPOTPAMMHOE 00ECTICUCHHE:
— IIporpammsl nakera LAMMPS;
— IIporpamma MCA2D Load Test.

0) H(pOPMAIIMOHHBIE CIIPABOYHBIC CHCTEMBI:

— DNEeKTpOHHBIN KaTajuor Hayunoit O6ubnmorexu Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DNeKTpoHHas oubnuoreka (peno3uTOpHii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— EnnHoe okHO nocryna K o0pas3oBareiabHbIM pecypcam — http://window.edu.ru

14. MaTepnainbHO-TeXHH4YeCKOe o0ecrevyeHne

AyauTopun IS TPOBEIACHUS 3aHATHM CEMHUHApPCKOrO THIMA, WHIWBUAYAIbHBIX |
TPYIIOBBIX KOHCYJbTALUN, TEKYILIErO0 KOHTPOJIS U MPOMEXKYTOUHON aTTECTAIUU.



[TomereHust a1 CaMOCTOSTENbHONW PaOOThI, OCHAIIEHHBIE KOMIBIOTEPHON TEXHUKOW U
JOCTYNIOM K ceTH HMHTepHeT, B AJIEKTPOHHYI0 MH(DOPMAIMOHHO-00pAa30BaTENLHYIO Cpely U K
MH()OPMAITMOHHBIM CIIPABOYHBIM CHCTEMaM.

Jliis mpoBeneHust 1a00paTOPHBIX PabOT W BBIMNOJHEHUS WHIUBUAYATHHOTO PACUETHOTO
3amanus TpedyeTcss KoMmmbroTepHbId Kitace [I9BM ¢ mukponporieccopom He Hmke Intel Core 13,
o0wsémom 13V ne mensbie 200 I'b, 06séMom O3V He MenbIie 2 I'b (koMIbIOTEpHBIN KITACC).

15. Undopmanus o paspadorunkax

Atop: Cmomun Amnekcedr IOpweBuu, a.¢.-m.H., mpodeccop, mpodeccop kadeapsl
MeXaHUKH Jieopmupyemoro Teepaoro tena TI'Y.
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