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1. Ilean U MuIaHUpYeMBbIe Pe3yIbTATHI 0CBOCHHUS THCIUIIIHHBI

[lenbio 0OcBOEHUS AUCUUILINHBI SBJSETCS POPMUPOBAHUE CIAEAYIOIUX KOMITETEHIIHUI:

—OIIK-1 — Cnocober ¢opMynupoBaTh IENH U 3ala4d HCCICIOBAHUS, BBISBISTH
OPUOPUTETHl pEIleHus 3ajad, BBIOMPATh U CO3[aBaTh KPUTEPUU OLEHKU pE3yIbTaToOB
HCCIICIOBAHUIA;

—IIK-2 — CriocoOeH camMOCTOATENHbHO BBIMOJIHATH HAyYHBIE HCCIEAOBAHHUS B 00JIaCTH
MPUKIIATHON MEXAaHUKH, PEIIaTh CIOKHbIE HAYYHO-TEXHUYECKUE 3aJlayd, KOTOPBIE IJISI CBOETO
U3y4eHUs TpeOyloT pa3paboTKU M MPUMEHEHHUS MAaTeMaTHYECKHUX U KOMIIbIOTEPHBIX MOJIENEH,
OPUMEHECHHUS TPOTPAMMHBIX CHUCTeM MynbTuaucuuimimHapHoro anammza (CAE-cucrem
MHPOBOTO YPOBHS);

—IIK-4 — CrnocobeH npuUMEHATh (PU3MKO-MaTeMaTHUECKUI amnmapar, TeOpeTHUYECKHe,
pacyeTHble M JKCHEPUMEHTaJIbHbIE METOJbl HCCIEIOBaHHUM, METOAbl MaTeMaTH4YEeCKOro H
KOMIIBIOTEPHOT'0 MOJICTTUPOBAHUS B TIpoIiecce MpodecCHOHABHOM 1eITeThHOCTH.

Pe3ynbraramMu OCBOEHUSI AUCIUIUIMHBI SBIISIOTCS CIAEAYIONINE UHIUKATOPHI TOCTHUKEHUS
KOMIIETECHITNH:

NOIIK-1.1 3nate coBpeMeHHbIE TPOOJIEMbI MW 3aJauyd NPUKIAJAHOM MEXaHMKH,
MPUOPUTETHBIE HAMIPABJICHUSI HAYYHBIX U MPUKJIAAHBIX paboT B 0071acTU MPUKIIATHON MEXaHUKH,
HOJXO/bI M METO/bI (POPMYITMPOBKH KPUTEPHEB OLEHKU PELICHUS 3a/1a4 B 00JIACTH IMPUKIIAIHON
MEXaHUKH.

NOIIK-1.2 VYmerp ¢dopMynupoBaTh LEIM W 3a7aydl HMCCICAOBAHUS NpPU PEUICHUU
NPUOPUTETHBIX 3a7ady MPUKIATHOW MEXaHUKH, BBIOMpATh U CO3/1aBaTh KPUTEPUU OLEHKU
pELIECHNUH 3a/1a4 NPUKIAJHON MEXAHUKMU.

NOIIK-1.3 Bnagers HaBbikamMu (HOPMYJTUPOBKM IENIed M 3a7ad HCCIEIOBAHUS IPHU
pEeIICHUH TPUOPUTETHBIX 3313y MPUKIATHON MEXaHUKH, BBIOMPATh M CO3JaBaTh KPUTEPHH
OLICHKHU pEelIeHUH 3a7a4 NPUKIIATHON MEXaHUKH.

NIIK 2.1 3Harh: MareMaTH4YECKHE U KOMIIBIOTEPHBIE MOJIENH, IIPOrPAMMHBIE CHCTEMBI
mynapTUANCHUIIMHApHOTO aHanu3a (CAE-cucremMbl MHpPOBOrO YpOBHS), HCHOJIb3yeMble s
pelIeHus: MOCTaBICHHBIX HAYYHO-TEXHUYECKUX 3aau.

HIIK 2.2 YMeTrh €aMOCTOSITEIBHO BBITIONHATh HAYYHBIE HCCICAOBAHUS B 00JacTH
IIPUKIAHOM MEXaHHUKH, pellaTh CIOXHbIE HAYYHO-TEXHUYECKUE 3a/ladM, KOTOPBIE NJIsl CBOETO
U3y4eHUs TpeOyloT pa3paboTKU M MPUMEHEHHUS MAaTEMaTHYECKHMX U KOMIIbIOTEPHBIX MOJIENEH,
NPUMEHEHHUS TPOTPAMMHBIX CHUCTeM MynbTuauciuimimHapHoro anammza (CAE-cucrem
MHPOBOTO YPOBHS).

NIIK 2.3 BrnageTs HaBbIKaMU CaMOCTOSTEIILHOTO BBIIOTHEHUSI HAYYHBIX UCCIIEIOBAHUM B
o0JacTy MPUKJIAIHON MEXaHUKHU, PELICHHS CIIOKHBIX HAyYHO-TEXHUYECKUX 3a/a4.

UIIK 4.1 3Harte (U3MKO-MaTeMaTHUYECKUW ammapar, TEOpEeTHYECKUE, pacueTHble U
SKCHEPUMEHTAIBHBIE METOJBl MCCIEJOBAHUN, METOJbl MATEMATHYECKOTO U KOMIIBIOTEPHOTO
MOJICIMPOBAHMsL, IPUMEHSIEMbIE B TIpoliecce MPo(ecCHOHANTBHOM e TeTbHOCTH.

HIIK 4.2 VYmerp npuMeHATh (PHU3NKO-MAaTEMAaTUUECKHI ammapar, TEOPETHYECKHE,
pacyeTHble M DJKCHEPUMEHTAJIbHBIE METOJbl HCCIEIOBaHUM, METOABl MaTeMaTHYECKOIO H
KOMIIBIOTEPHOT'0 MOJIETTMPOBAHUS B Ipolecce MpodeccnoHabHOM 1eATeIbHOCTH.

UIIK 4.3 Bnagers HaBbIKAMH TPUMEHEHHUS (U3NKO-MAaTEMAaTHYECKOrO amnmapara,
TEOPETHUYECKUX, PACYETHBIX M OKCIEPUMEHTAIbHBIX METOJOB HCCIEAOBAHUS, METO/]0B
MaTeMaTHYECKOr0 M KOMITBIOTEPHOTO MOJEIHPOBAHUS B Ipolecce MNpodhecCHOHAIbHOM
JIeATEIbHOCTH.

2.3ana4m 0CBOCHUA JUCHHUIINHBI

— OcBouTh amrmapartr COBPEMCHHBIX MECTOAOB MOJACIIMPOBAHUSA B OHMOMEXaHHMKe HAa OCHOBE
nmoaxoaa 4aCTHil.



— Hay4nTbcst IpUMEHATH MOHATUHMHBIN anmapaTr COBPEMEHHBIX METOIOB MOJEIUPOBAHUS
B OHMOMEXaHMKE Ha OCHOBE MOAXOAa YacTUI[ JUIsd pCIICHHS IPAKTUYECKHUX 3ajad
npodecCHOHATBLHOMN 1eATEIEHOCTH.

3. MecTO JUCUMIVIMHBI B CTPYKTYpPe 00pa30BaTeIbHON NMPOrpaMmbl

JucuuniuuHa otHocuTes K bioky 1 «Jlucuuminzel (Moxynn)».
JlucrumniamHa OTHOCHTCS K 4YacTH 00Opa3oBaTelbHON MporpaMMbl, (HOpMHUPYEMOit
Y4aCTHHKaMU 00pa30BaTeNbHBIX OTHOIICHUH, TpeiaraeTcsi 00y4aromumcs Ha BBIOOp.

4. Cemectp(bl) ocBOeHHs U (popMa(bl) MPOMEKYTOUYHOM ATTECTANUM 0 JUCHHUIIIIMHE

Cemectp 3, 3a4eT C OLIEHKOM

5. BxoaHble TpeOOBaHUS AJIS OCBOEHH S AU CUUNIMHBI

JUisi  yCHEemHOTrO OCBOGHHsI JUCHMIUIMHBI TpeOYIOTCS pe3ylbTaThl OOY4YeHHS IO
CJIEAYIOLIMM AUCUUIUIMHAM: PacdeTsl Ha MpOYHOCTh B OMOMEXaHUKe; AHATOMMUS YellOBEKa.

JUisi yCHemHoro OCBOCHUS AUCHUIUINHBI TPEOYIOTCSI KOMIIETEHIIUH, C(OPMHUPOBAHHBIE B
XO0/Ie OCBOEHHS 00pa30BaTeIbHBIX IPOrpaMM IPEIIECTBYIOLIETO YPOBHS 00pa30BaHHUs.

6. SI3bIk peanu3zanun

Pycckuii

7. O0BbeM TUCHUILIAHBI

OO6m1ast TpyI0EMKOCTh TUCIUIUIMHBI COCTABIISIET S 3.€., 180 4acoB, U3 KOTOPHIX:
-nekuun: 12 9.;

-IIpakTUYECKUE 3aHATUsA: 26 4.;

— nabopatopHsie paboTsI: 0 u.

O0BeM caMoCTOSTENbHOM paboTHI CTyIEHTa ONpeeIeH YUeOHbBIM IIIIAHOM.

8. Conepxxanmne TMCUUNIMHBI (MOAYJIs1), CTPYKTYPUPOBAHHOE 10 TeMaM

Tema 1. OCHOBHbBIE TOHSITHSI.

[Tonsite Monenu u MonenupoBaHus. OCHOBHbIE METOJIbI YUCIECHHOTO MOJECIUPOBAHMS,
npuMeHsieMble B (U3MKE M MeXaHuKe TBEpAOro tena. UTo Takoe MOJENbh W MOJCIUPOBAHHE.
Tunsl moaeneit. KomneroTepHoe MmonenupoBanue. J[MCKpeTHbIE U KOHTHHYaJIbHbIE MOJEIU B
¢du3uKe 1 MEXaHUKE.

Tema 2. Metoa MONIEKYIIpPHOU TUHAMUKH.

OCHOBHBIE TOJIOKEHUS METOJIa MOJEKYJISIPHOM JUHAMUKH. YPaBHEHUS JIBUKCHHUS.
Bri6op rpannunbIX ycnoBuid. Cnemuduka 3amdaHWs HAdadbHBIX yclIoBHM. [loTeHIManbl
MEXaTOMHOTO B3aumojelcTBusa. [lapHoe npuOMKEHWE W MHOTOYACTHYHBIC IOTCHIIMATIBL.
AJNTOPUTMBI UYHCJIEHHOTO HWHTErpUpOBaHUS. PacueT MakpOCKONMUYECKUX CBOWCTB aTOMHBIX
cucteM. MeTronpl W TporpaMmbl Ui aHalIW3a pe3yibTaToB MojenupoBaHus. [Ipumepst
MPUMEHEHHUS METO0/1a MOJIEKYJIIPHON TUHAMUKHU.

Tewma 3. MeToabl Me€304acTHIL.

Meron wme3ouactunr A.M. KpuBnosa. Ynpyrue XapakTEPUCTHUKU Uil Pa3IAYHbBIX
yIakoBOK yacTul. Merox otaenbHbIX 3nemeHToB [ILA. Kynpamna. Cuiabl MeX4acTUYHOIO
B3aMMOJICUCTBUSI B YOPYTrUX M YIYypYyromjacTUUeckux cpemax. Merog wme3owactuin [.I1.
Octepmaiiepa, 0cOOEHHOCTH OMMCAHUS TUCCUITATUBHBIX MPOLIECCOB.

Tema 4. MeTo KJIIETOYHEBIX aBTOMATOB.

OcHOBHBIE TIOJIOKEHUS U OTlpeeneHus MeToa. Knaccudukaiius KIeTOUHbIX aBTOMATOB.
[TonsitTue axTuUBHOM cpenpl. THUIBI KIETOYHBIX aBTOMATOB, MCIOJB3YEMbIX MpPH OMHCAHUU



pacnpocTpaHeHuss BO30YXKICHHI B aKTUBHBIX cpeAax. | a30quHaMHYecKue KIIETOYHBIC
asromatel. HHP wu FHP wmomemn. IIpobGrmembr MomenupoBanus TpEXMEPHBIX 3ajad.
MonenupoBanue nehopmMupyeMoro TBEPAOTO Tena (YIpyrue BOIHbBI, pa3pylieHUe).

Tema 5. MeToa NOABUKHBIX KJICTOYHBIX aBTOMATOB.

[IpoGneMbl pa3BUTHS TUCKPETHOrO mMoaxoda B MexaHuke. OCHOBHBIE TMOJIOKECHUS
metona. Pasmep u ¢dopMa MOABMKHBIX KIETOYHBIX aBTOMATOB. YPaBHEHUS [BH)KEHHUS Kak
ypaBHeHUs nepeHoca. OyHKIUU OTKIIMKA HEHTPAIBHOTO M TAHTCHIIMAIBHOTO B3aUMOJICHCTBHUS.
OO0BEMHAs cOCTaBJIAIONIAs B3aUMOJICHCTBUsI. MOIeTMpOBaHKUE Pa3pyIICHUST KaK TMEPEKIIOUEHUS
coctossHust map. COBMECTHOE HCIOJIb30BAaHUE METO/AA MOJBMKHBIX KJIETOYHBIX aBTOMATOB U
YUCJIEHHBIX METO/I0B KOHTUHYAIbHON MEXAHUKHU.

Tema 6. becceTounble METObI KOHTUHYAIbHON MEXAHUKH.

[MuapoauHamMuKka CriaaXEHHBIX YacTHIl. AJTOPUTM OOOOMIEHHBIX YaCTHUIl. TOYECUYHBIN
METO/1 KOHEUHBIX 3JIEMEHTOB.

9. Tekymumii KOHTPOJIb MO TUCUMUIIJIMHE

Texkymmii KOHTPOJb MO IUCIHMILIMHE MPOBOIUTCS IMyTEM KOHTPOJS IMOCEHIaeMOCTH,
YaCTUYHOTO OIMpOoca 00ydaroluXxcsi U pa3dopa 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 MaTepUajbl TEKYILEro KOHTPOJA pa3MelleHsl Ha caiite TI'Y B pasnmene
«Hupopmarnmst 06 oOpazoBaTensHON mporpamme» — https://www.tsu.ru/sveden/education/eduop/.

10. ITopsiaok NpoBeieHUsI H KPUTEPHUH OLCHUBAHUSA NIPOMEKYTOYHOM aTTeCTalluu

3ayeTr TPOBOIUTCA B MHChbMEHHOH (opme 1Mo Omieram. DK3aMEHAIIMOHHBIA OuieT
COCTOMT M3 IBYX yacTel. [IpogomxurensHoCTh SK3ameHa 1,5 vaca.

OrneHouyHble MaTepHaIbl ISl TPOBEICHUS MPOMEKYTOUHOM aTTECTallMi pa3MeEIIeHbl Ha
caiite TI'Y B pasmene «Mudpopmammus o0  oOpa3oBaTeNbHOM  HporpaMme»  —
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMUYECKOE 00€ecIIeueHue

a) DNEeKTPOHHBIN y4eOHBI Kypc 1O JUCIUIUIMHE B OJCKTPOHHOM YHUBEPCHTETE
«Moodle» — https://moodle.tsu.ru/course/view.php?1d=24746

0) OrieHOUHBIE MaTepHANIbl TEKYIIEro KOHTPOIS M MPOMEXKYTOYHOM aTTeCcTaluul IO
nucrturmuae (https://www.tsu.ru/sveden/education/eduop/).

12. Ilepedyenn y4yeOHOlM JuTEepaTypsbl U pecypcos cetn UHTEepHeT

a) OCHOBHas JUTEpaTypa:

— Pur M. HaHOKOHCTpyHpOBaHHE B HayKe M TEXHHUKE. BBeneHue B Mup HaHOpacyeTa. —
Ilep. ¢ anrn. — MkeBck: HULL «Perynsipras u xaotuueckas guHamuka», 2005. — 160 c.

— Kpusnos A.M. JlebopmupoBanue u pa3pyuieHHe TBEPABIX Tell ¢ MUKPOCTPYKTYPOM. —
M: ®USMATIIAT, 2007. — 304 c.

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

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

— Ilcaxpe C.I'., Cmonun A.1O., Imutpue A.W., uneko E.B., Kopocrenes C.1O. Meron
MOJABUKHBIX KJIETOUHBIX aBTOMATOB KaK HAMPAaBJICHUE JUCKPETHON BBIYUCIUTEIBHOW MEXaHUKU
/I Yeoprmenckuii coopruk. 2017. 1. 18, Ne 3(63). C. 439-460. https://doi.org/10.22405/2226-
8383-2017-18-3-439-460


https://www.tsu.ru/sveden/education/eduop/
https://www.tsu.ru/sveden/education/eduop/
https://moodle.tsu.ru/course/view.php?id=24746
https://www.tsu.ru/sveden/education/eduop/

— 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

— 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) JOMONIHUTEIBHAS 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

— BBenenne B MaTeMaTH4YeCKOe MOJenupoBanue. YdyeObHoe nmocooue / B.H. Amuxmun u
ap. lox pen. I1.B. TpycoBa.— M.: Uatepmer Umxunupunr. 2000. — 336 c.

— Marematuyeckoe moxaenupoBanue: [Ipobmemsr u pesynbratel.— M: Hayka, 2003.—
478 c.

—TI'ynn X., To6ounuk . KomnbroTepHoe MoAenupoBanue B PU3HKe: B 2-X yacTsax. YacTp
1. Iep. ¢ aarn. — M: Mup, 1990. — 349 c.

— Octepmaiiep I'.I1. Meton ME30CKOITMYECKUX YACTHUII TUTS OIIMCAHUS
TEPMOMEXaHUYECKUX W (PUKIMOHHBIX mpoueccoB // dusznueckas Me3zomexanuka. — 1999. —
Ne6. — C. 25-32.

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

— Octepmaitep ['.II., IlomoB B.JI. MHoOrodyactuyHbie HEPaBHOBECHBIE MOTEHIIUAIBI
B3aMMOJIeCcTBHS B MeToe yactull // duznueckas Me3zomexanuka. — 1999. — Ne6. — C. 33-39.

B) pecypchbl cetu HTEpHET:

— OTKPBITHIC OHJIAH-KYPCHI

— OnektpoHHasts Oubnmuoreka «EqWorld — Mup wmaremaTHueckux YypaBHEHHiIl» B
HNucturyre npodsiem mexannku PAH (http://eqworld.ipmnet.ru/ru/library/mechanics.htm).

— https://www.wolframscience.com/

— https://www.itascacg.com/

13. Ilepeyenb HH(POPMAIIMOHHBIX TEXHOJIOT U

a) JIMIIEH3UOHHOE U CBOOOJIHO PACTIPOCTPAHIEMOE MPOTPAMMHOE 00ECTICUCHHE:
— IIporpammsl nakera LAMMPS;
— ITporpamma MCA2D Load Test.

0) UH(POPMAIIMOHHBIE CIIPABOYHBIC CHCTEMBI:

— DNEeKTPOHHBIN KaTajuor Hayunoit o6ubnmorexku 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 nocTyia K o0pa3oBareiabHbIM pecypcam — http://window.edu.ru




14. MarepuajbHO-TeXHHYECKOe 0OOecreyeHue

Aynutopun Uil TPOBEACHUS 3aHATHIL CEMMHApPCKOTO THUIMA, WHIUBUAYAIbHBIX M
IPYNIOBBIX KOHCYIbTALUHN, TEKYILETO KOHTPOJIA U IPOMEXYTOUHOMN aTTeCTallUU.

[TomerieHust U1 CaMOCTOSITENILHONW pabOTHI, OCHAIIEHHBIE KOMIBIOTEPHOW TEXHHUKOW U
JOCTYNOM K ceTu MHTepHeT, B 3JIEKTPOHHYIO HMH(OPMAIMOHHO-00pa30BaTeIbHYIO CpEy U K
UH(OPMALIMOHHBIM CIIPABOYHBIM CHCTEMaM.

Jls IpOBeAICHUsI CEMUHAPCKUX 3aHATUN U BBINOJIHEHUS WHAWBUIYAIBHOTO Pacye€THOIO
3agaHus Tpedyercst KoMmbloTepHbli kiace [I9BM ¢ mukponpoueccopom He Huxe Intel Core 13,
00némom I13VY e Mmenrie 200 I'b, 00béMoM O3Y He menbe 2 I'b.

15. Uudopmanus o pazpadoTunkax

Cmonun Aunekceit FOpbeBuy, n.¢.-M.H., mpodeccop, mpodeccop kadeapsl MeXaHUKU
nedhopmupyemoro tBepaoro Tena TI'Y.



	ADP54CF.tmp
	Моделирование в биомеханике
	1. Цель и планируемые результаты освоения дисциплины
	2. Задачи освоения дисциплины
	3. Место дисциплины в структуре образовательной программы
	4. Семестр(ы) освоения и форма(ы) промежуточной аттестации по дисциплине
	5. Входные требования для освоения дисциплины
	6. Язык реализации
	7. Объем дисциплины
	8. Содержание дисциплины (модуля), структурированное по темам
	9. Текущий контроль по дисциплине
	10. Порядок проведения и критерии оценивания промежуточной аттестации
	11. Учебно-методическое обеспечение
	12. Перечень учебной литературы и ресурсов сети Интернет
	13. Перечень информационных технологий
	14. Материально-техническое обеспечение
	15. Информация о разработчиках


