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1. leab ¥ nIaHUpYyeMble Pe3yJabTAThl 0CBOEHUS THCIUIIMHbI

[lenbio 0OcBOEHUS AUCHUIUINHBI SBISETCS (POPMUPOBAHUE CIEAYIOIIUX KOMITETEHIUH:

OIIK-1 Cnocobern ¢opmMynupoBaTh [EIH H 33Ja4d  HUCCICAOBAHHS, BBISBISTH
OPUOPUTETHI peIIeHusl 3a7ad, BBHIOMPATh M CO3JaBaThb KPUTEPUH OLIEHKH pE3yJbTaTOB
HCCIICIOBAHUIA;.

[IK-2 Cnoco0GeH camMOCTOSITeNbHO BBHIMOJHATh HAyYHbIE HCCIEAOBaHMUS B oO0jacTu
IIPUKIIAIHOM MEXaHUKH, pellaTh CI0XKHbIE HayYHO-TEXHUYECKUE 3a/lauM, KOTOPBIE JJIsI CBOETO
U3y4eHUs TpeOyloT pa3paboTKHU M MPUMEHEHHs] MaTeMaTHUYEeCKHX M KOMIIbIOTEPHBIX MOJEIEH,
IPUMEHEHUS MPOTrpaMMHBIX CHUCTEM MyjdbTHUAMcUUIUIMHapHOro aHanu3za (CAE-cucrem
MHUPOBOT'O YPOBHS).

[IK-4 CnocobeH mnpuMeHATh (U3NKO-MATEMaTUYECKH —ammapar, TeOpETHYECKHE,
pacyeTHble M HKCIIEPUMEHTAIBHBIE METOJbl HCCIEIOBAHUM, METOJbl MAaT€MAaTHYECKOro |
KOMITBIOTEPHOT'O MOAEIMPOBAHUS B TIpoliecce Mpo(hecCHOHAIBHON AeITEeTbHOCTH.

Pe3ynbraramMu 0CBOEHUS IMCUUIUIMHBI SBIISIOTCS CIEIYIOIINE UHAUKATOPBI TOCTHKEHUS
KOMIIETECHIINN:

HNOIIK 1.1 3HaTh coBpeMEHHblE MpOOJEMbl M 3aJaud NPUKIATHOW MEXaHUKH,
IPUOPUTETHBIE HANIPABJICHUS HAYYHbIX U MPUKJIAJHBIX paboT B 00JaCTH MPUKIIAAHON MEXaHUKH,
MOJXO/bl U METO/bI POPMYIUPOBKH KPUTEPUEB OLIEHKU PELICHUS 33134 B 00JIaCTU NMPUKIIAAHON
MEXaHUKHU

HNOIIK 1.2 Ymerp ¢opMyIupoBaTh IENH W 3aJa4d HCCICIOBAHUS TPU PCHICHUH
IOPUOPUTETHBIX 3aJlady NPUKIAJHOW MEXaHWKM, BBIOMpAaTh M CO3/1aBaThb KPUTEPUM OLEHKU
pELICHUH 3a/1a4 NPUKIATHON MEXaHUKHU

NOIIK 1.3 Bnagers HaBblkamMM (GOPMYJIMPOBKHM LieJiel W 3ajad HCCIeNOBaHUSA INpU
pelIeHNH TPUOPUTETHBIX 3a]a4 MPUKIATHOW MEXaHWKH, BBIOMpATh M CO3/1aBaTh KPUTCPUH
OLICHKH PELICHUH 3a]1a4 IPUKJIaJHON MEXaHUKU

NIIK 2.1 3Harh: MaTeMaTH4YECKUE U KOMIIBIOTEPHBIE MOJENH, IPOrpaMMHBIE CUCTEMBbI
MyabTUIUCIMIUIMHApHOTO aHann3a (CAE-cucteMbl MUpPOBOTO YpPOBHS), HCHOJb3yeMble IS
pelIeHUs [TOCTABJIEHHBIX HAYYHO-TEXHUUYECKUX 3a/1a4

UIIK 2.2 YMeTb CcaMOCTOSITENIbHO BBINOJHATh HAayYHBIE MCCIEIOBAHUSA B OOJIACTH
NPUKIATHOM MEXaHUKH, pellaTh CIO0XHbIE HayYHO-TEXHUYECKUE 3a/lauM, KOTOpbIE JIJISl CBOETO
u3ydeHus: TpeOYyIoT pa3pabOTKM U NMPUMEHEHHs MaTeMaTHYeCKUX M KOMIIBIOTEPHBIX MOJeneil,
NPUMEHEHUS TMPOTrpaMMHBIX CHUCTeM MyJdbTHUAMcUUIUIMHapHOro aHanu3za (CAE-cucrem
MHUPOBOT'O YPOBHSI)

NIIK 2.3 BrnageTs HaBBIKAMH CaMOCTOSATEIBHOTO BBITTOJTHEHHUS! HAYYHBIX HCCIIEIOBAHUMN B
00J1aCTH MPUKIIATHON MEXaHUKH, PELICHUS CIIOKHBIX HAyYHO-TEXHUYECKUX 3a]1a4

UIIK 4.1 3nats Qu3uMKo-MaTeMaTH4eCKUll anmapaT, TEOPEeTUYECKHE, pacueTHble U
DKCIEPUMEHTAJIbHBIE METOABI MCCIENOBAHUM, METOJbl MAaTEMATHYECKOTO U KOMIIBIOTEPHOTO
MOJIEJTMPOBAHUS, IPUMEHSIEMBIE B IIPOLIECCE MPOPECCUOHATBHON AESITETbHOCTH

UIIK 4.2 VYwmerp mnpuMeHATh (U3MKO-MaTeMaTHUECKUIl amnmapar, TeopeTHYecKHe,
pacueTHble M DSKCIEPUMEHTAIbHbIE METOJbl HCCIEAOBAHUNA, METOJbl MaTeMaTHYecKOro u
KOMITBIOTEPHOT'0 MOJETMPOBAHHUS B Tpoliecce Mpo(hecCHOHAIBHON eI TeIbHOCTH

UIIK 4.3 Bnagerb HaBbIKaMH MpUMEHEHHs (PU3MKO-MaTeMaTHYECKOro arrmapara,
TEOPETUYECKUX, PACUETHBIX M OKCIEPUMEHTAIBbHBIX METOJOB HCCIEJOBaHMs, METOA0B
MaTeMaTUYeCKOr0 W KOMIIBIOTEpPHOTO MOJIEIMPOBaHUS B Ipoliecce MpodeccruoHalIbHON
JESTEIBHOCTH

2. 332]3‘11/1 O0CBOCHUSA NUCHUIIJIMHBbI

— OcBoHTH amnrmapartr COBpEMCHHBIX MCTOAOB MOACIIMPOBAHUA B OMoMexXaHHUKE Ha OCHOBE
noaxoJaa 4aCTHII.



— HayunuTtbcst IpUMEHATH NTOHATUNMHBIN alapaT COBPEMEHHBIX METOJ0B MOJEIUPOBAHUS
B OHMOMEXaHHMKE Ha OCHOBE IIOXO/a YaCTHIl JUISl PEIICHUS MPaKTHYCCKUX 3a/ad
npodeCcCHOHATBLHOMN 1eATETbHOCTH.

3. MecTO AUCHUIJIMHBI B CTPYKTYpe 00pa30oBaTeibHOI MPOrpaMMbl

Jucuunnuna otHocuTes K biioky 1 «/lucuurminael (MOIyIIN)».

JluciumianHa OTHOCHTCS K 4YacTH 0Opa30oBaTelbHON MporpamMMmbl, (OpMHPYEMOit
y4acTHUKaMU OOpa30BaTEIbHBIX OTHOLICHWM, TpeiaracTcs OOydJalomuMcs Ha BBIOOP.
HucnurnmuHa BXoauT B Moayib IIpodeccrnonanbubiii Mmoaynnp No2 «MexaHuKa OMOKOMIIO3UTOB,
MOJIy4eHUE U MOJICTUPOBAHUE UX CTPYKTYPBI U CBOMCTBY.

4. Cemectp(bl) ocBOeHHs U GopMa(bl) MPOMEKYTOUHON aTTECTANMH MO TUCIHUILJINHE

Tperuii cemecTp, 3a4eT C OLIEHKOMN

5. BxoaHble TpeOoBaHMSsI AJIsl OCBOEHUN THCIUTIITHHBI

JUji ycrienHoro OCBOGHUS JUCIUILIMHBL TPEOYIOTCS KOMIETEHLIUH, CPOPMUPOBAHHBIE B
XO0/Ie OCBOEHHs 00pa30BaTeIbHbBIX IPOrpaMM IPEALIECTBYIOIIETO YPOBHS 00pa30BaHusl.

JUis yCcHemHOro OCBOEHHUS JAUCHUIUIMHBI TpeOYyIOTCs pe3ysbTaTbl OO0Yy4YeHHs IO
CJIEAYIOUIMM AMCUUIUIMHAM: PacdeTsl Ha MPOYHOCTh B OMOMEXaHUKe; AHATOMUS YEJIOBEKa.

6. SI3bIK peaju3anuu

Pyccknii

7. O0BbeM TUCUMILIHHBI

OO61ast TpyA0eMKOCTh IUCHUIUIMHBI COCTaBIsieT S 3.€., 180 yacoB, U3 KOTOPBIX:
-nexuuu: 12 4.

-IpaKTUYECKUE 3aHATHs: 26 4.

O6beM caMOCTOATENILHON pabOThI CTY/IEHTA OIpeeeH YIEOHbIM IJIaHOM.

8. Conep:xkaHue TMCHUILUIMHBI, CTPYKTYPHPOBAHHOE 110 TeMaM

Tema 1. OCHOBHBIEC TOHSATHS.

[Tonsitue monenu u monenupoBanusi. OCHOBHBIE METOAbl YUCIEHHOIO MOJIEIUPOBAHMS,
MpuUMeHsieMble B (PU3MKE W MEXaHWKe TBEpAOro tena. YTo Takoe MOJENb U MOJACIUPOBAHUE.
Tuner mozaeneli. KomnelorepHoe MoaenupoBaHue. J[UCKpeTHbIE U KOHTUHYAJIbHBIE MOJEIH B
¢bu3nKe U MEeXaHMKe.

Tema 2. MeTos MOJIEKYISIPHOIN THHAMUKH.

OCHOBHBIE TMOJIOKEHUS METOJIa MOJEKYISIPHOM JIUHAMUKH. YPAaBHEHUS JBHKCHHUS.
Bei6op rpannunbix ycnoBuid. Cnemnuduka 3amaHus HadaJdbHBIX ycIOBUM. [loTeHIMambI
MEXaTOMHOTO B3auMoneicTBus. IlapHoe mnpuOIMKEeHHEe M MHOTOYAaCTUYHBIE ITOTEHLUAIIBI.
ANTOPUTMBI YHCJIEHHOTO HWHTETpUpOBaHUS. PacueT MakpOCKONMMYECKHUX CBOMCTB aTOMHBIX
cucreM. Meronel M HporpaMmbl U aHaiu3a pPeE3yiabTaToB MonaenupoBaHus. [Ipumepsl
IIPUMEHEHHUS METOJAa MOJIEKYJIIPHON THHAMUKHU.

Tema 3. MeToapl ME30YACTHIIL.

Meron wme3ouactunr A.M. KpusnoBa. Ymnpyrue XapakTepUCTHKH [UIsl Pa3IMUYHBIX
ynakoBOK 4actull. Meton otraenbHblx snemMeHToB [ILA. Kynpamra. Cuibl MeX4aCTHYHOTO
B3aUMOJICMCTBUSL B YHOPYIMX M yOypyromiacTH4eckux cpeaax. Merong wmeszouactun [I1
Ocrepmaiiepa, 0COOCHHOCTH ONTUCAHUS TUCCUTIATUBHBIX MPOIIECCOB.



Tema 4. MeTox KJIETOYHBIX aBTOMATOB.

OcHoBHbIE TTOJIOXKEHUA U onpeneieHus metona. Kinaccuduxaims kieTouyHbIX aBTOMATOB.
[TonsaTne axkTHUBHOM cpeabl. THUIBI KIETOYHBIX ABTOMATOB, MCIOJIB3YEMBIX IPU OIMCAHUU
pacrnpocTpaHeHUs] BO30YXICHM B aKTUBHBIX cpenax. [ a3oAMHAMUYECKUE KIIETOYHBIC
asromarel. HHP w FHP wmopemu. IIpobnembl MonenupoBaHusi TpEXMEPHBIX —3ajad.
MonenupoBanue ehopMUpyeMoro TBEPAOTo Teja (ynpyrue BOJIHbI, pa3pylieHHe).

Tema 5. MeTo TOIBMKHBIX KJIETOYHBIX aBTOMATOB.

[IpoGneMbl pa3BUTHS TUCKPETHOTO MOAX0Aa B MexaHuke. OCHOBHBIC TIOJIOKEHUS
Meroma. Pasmep um ¢dopma MOABMKHBIX KJICTOYHBIX aBTOMATOB. YPaBHEHMsI JBIKCHUS Kak
ypaBHeHUs nepeHoca. OyHKIUMU OTKIMKA [EHTPATBbHOTO U TAHTE€HIUAIBLHOTO B3aUMOJCHCTBUSI.
OO0BEMHAs coCTaBJIAIONIAs B3aUMOJCHCTBUA. MOeTMpOBaHUEe Pa3pyIICHUS KaK TEPEKITIOUCHUS
coctossausi nap. COBMECTHOE HCIOJIb30BAaHUE METO/A TMOJBUXKHBIX KJIETOYHBIX aBTOMAaTOB U
YUCJICHHBIX METOI0B KOHTHHYAJIbHON MEXaHHKHU.

Tema 6. becceTounble METO/IbI KOHTUHYaJIbHON MEXaHUKH.
IManpoauHamMuKa CriQXCHHBIX YacTHUIl. AJTOPUTM OOOOMEHHBIX dYacTUI. TOYCUHBIHA
METOJI KOHSUHBIX DJICMCHTOB.

9. Tekyumuii KOHTPOJIb MO AUCHUIIUHE

Texymuii KOHTPOJb IO JUCIMIUIMHE TMPOBOJAUTCSA ITyTEM KOHTPOJISA TOCEIIAEMOCTH,
YCTHOT'O OIPOCA, BHIMOJIHEHUH MHIMBUAYaIbHbBIX 3a1aHuii (pedeparoB) u Gpukcupyercs B Gopme
KOHTPOJILHOM TOYKH HE MEHEE OJHOTO pa3a B CEMECTP.

OueHouHble MaTepuajabl TEKYIIETO KOHTPOJs pa3MmemieHbl Ha caiite TI'Y B pazugene
«Hudpopmarust 06 o6pasoBaTensHOM Iporpamme» - https://www.tsu.ru/sveden/education/eduop/.

10. HOpﬂI{OK MPOBECACHUSA U KPUTCPUHU OLICHUBAHUSA l'[pOMe)KyTO'lHOﬁ aTTeCTallumn

3ayer ¢ OLIEHKOM B TPEThEM CEMECTpe MPOBOJUTCA B MUCBMEHHOH (opme 1o Ouseram.
DK3aMEeHaIlMOHHBIN OUJIET COCTOUT U3 JIBYX yacTei. [IpomomKuTenbHOCTh 3a4eTa ¢ OLeHKOH 1
qac.

OneHouyHble MaTepHallbl JUIsl TPOBEACHUS MMPOMEKYTOUHOM aTTeCTallMd pa3MEIlleHbl Ha
caire TI'Y B pasnmene «MHdpopmauus 00  oOpa3oBarenbHOM — mporpamme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YueOHO-MeTOOAMYECKOE 00ecIeueHne

a) DJIEKTPOHHBIN Y4eOHBIN KypC 1O AUCIHILIMHE B JIEKTPOHHOM yHUBepcuTeTe «iDOy -
https://Ims.tsu.ru/course/view.php?id=24746

0) OrleHOYHBIE MaTepHalibl TEKYHIEro KOHTPOJIS M IMPOMEKYTOYHOM aTTECTAllUU 10
JUCLIUIINHE.

12. Mlepeuens y4ueOHOI TUTEpPaTYpHI U pecypcoB ceTu UHTEepHeT

a) OCHOBHas JIUTEpaTypa:

— Pur M. HaHokoHCTpyHpoBaHuE B HayKe M TEXHHUKE. BBeleHHe B MUp HaHOpacdera. —
ITep. ¢ anrn. — Mkesck: HULL «PerynsapHas n xaotuueckast tuHamukay, 2005. — 160 c.

— Kpusnos A.M. JlepopmupoBanue U pa3pylieHHe TBEPIbIX TeJl C MUKPOCTPYKTYpPOH. —
M: ®U3MATIIAT, 2007. — 304 c.

— JlockytoB A.1O., Muxaiinos A.C. Beenenue B cunepretuxky.— M: Hayka, 1990.— 272 c.

— Tpy6eukoB [I.M1. Benenue B cuHepretuky. Xaoc M CTpyKTypbl.— M: Enutopuan
YPCC,-2004.— 235 c.

— Icaxwe C.I'., Cmonun A.1O., Imutpues A.H., llunsko E.B., Kopoctenes C.1O. Meton
MOJIBUKHBIX KJIETOYHBIX aBTOMATOB KaK HAalpaBlIeHUE TUCKPETHON BBIYMCIUTEIBHON MEXaHUKU


https://lms.tsu.ru/course/view.php?id=24746

// YeObrmeBckuit coopruk. 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

— 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) IOTOTHHUTENbHAS 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

— BBenenne B maremMatuueckoe MojenupoBanue. YuebHoe nocobue / B.H. Amuxmun u
ap. lox pen. I1.B.TpycoBa.— M.: Untepmer Umxunupunr. 2000. — 336 c.

— Maremartuueckoe MoxaenupoBanue: [Ipo6iemsr u pesynbratel.— M: Hayka, 2003.—
478 c.

—T'yan X., To6ounuk 1. KomnerotepHoe MoaenupoBanue B pusuke: B 2-X dacTsax. YacTb
1. Iep. ¢ aurn. — M: Mup, 1990. — 349 c.

— Ocrepmaitep  I'.IL Merox ~ ME30CKONMYECKHX  YacTHLl  JJId  OINHUCAHUA
TEPMOMEXaHHYECKNX W (PUKIMOHHBIX mporeccoB // dusndeckas Mesomexannka. — 1999. —
Ne6. — C. 25-32.

— Ilorrep /1. Beruncnurenbuble MeTob! B pusuke. — M.: Mup, 1975. — 218 c.

— Ocrepmaitep ['.I1., IlomoB B.JI. MHorouactuuHble HEpPAaBHOBECHBIE MOTEHIHAIbBI
B3aUMOJIeHCTBHA B MeTo e yacTull // @usndeckas Mesomexanuka. — 1999. — Ne6. — C. 33-39.

B) pecypchbl cetu HTepHeT:

— OnektpoHHast Oubnuoreka «EqWorld — Mup MaremaTHuecKuxX YypaBHEHHil» B
Wuctutyre npodnem mexanuku PAH (http://eqworld.ipmnet.ru/ru/library/mechanics.htm).

— https://www.wolframscience.com/

— https://www.itascacg.com/

13. llepeyenb HHPOPMALMOHHBIX TEXHOJIOT U

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

0) UH(POPMAIIMOHHBIE CIIPABOYHBIE CHCTEMBI:

— DNEeKTpOHHBIN KaTauaor Hayunoi 6ubnoTexkn Ty -
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DneKTpoHHas oubnmoreka (peno3uTopHii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index



— Enunoe okHO mocTyiia kK 00pa3oBaTenbHbIM pecypecam — http://window.edu.ru

14. MaTtepua/jibHO-TEXHUYECKOe o0ecreyeHue

Aynuropun JUis TPOBENEHUS 3aHITHH CEMHUHApPCKOTO THIA, WHIAUBUAYAIbHBIX U
TPYIIIOBBIX KOHCYJIbTAIIMN, TEKYIIIETO KOHTPOJIS U TPOMEKYTOUHOM aTTeCTalllu.

[TomemieHust 111 caMOCTOSTENbHON pabOThI, OCHAIICHHBIE KOMITBIOTEPHOW TEXHUKON U
JOCTYTIIOM K ceTH VIHTEepHET, B 3JIEKTPOHHYI0 WH(OPMAIMOHHO-00pa30BaTEIbHYIO Cpely U K
MH(OPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Jlnst mpoBeieHUs MPAKTUYECKUX 3aHSATUN U BBIMOIHEHUS WHIUBUYAIBHOTO PACYETHOTO
3aanus Tpedyercs KoMIbloTepHbIH Kiacc [I9BM ¢ mukpormporneccopom He Huxe Intel Core 13,
00némom I13Y e menbmre 200 I'b, 066éMmoM O3Y He menbie 2 I'b.

15. Undopmanus o paspadorunkax

Cmomun Anekceir IOpbeBuu, a.¢.-M.H., mpodeccop, npodeccop kKadeapbl MEXaHUKU
nedopmupyemoro tBepaoro tena TI'Y.



