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BBEJIEHHE

JlucuuniavHa ~ pacCMaTpUBAeT  METOJMYECKHE  OCHOBBI  IMOCTPOCHUS
MaTEMAaTHYECKUX MOJEJIEH Il PEUICHHMS WHXXCHEPHBIX 3a/lad M HalpaBlieHa Ha
dbopmupoBaHue Yy  OOydYarOIIUXCS  MPAKTUYECKUX  HABBIKOB  YHCIJIEHHOTO
MaTEMATHYECKOT0 MOJICIUPOBAHUS METOJOM KOHEYHBIX 3JIEMEHTOB.

[Tocne ocBoeHUS TUCIUIUIMHBI O0OYYarOMIUNACS TOJKEH 3HATH:
Meton0510rH4ecKre OCHOBBI MATEMATUYECKOTO MOJICIIUPOBAHMUSL.
TeopeTndyeckre OCHOBBI METO/Ia KOHEUHBIX 3JIEMEHTOB.
MeToauKy HHKEHEPHBIX PACUETOB METOJAOM KOHUYEHBIX SJIEMEHTOB.
CtpykTypy # (DYHKIIMOHAJIBHBIE BO3MOXHOCTH MPOTPAMMHOTO KOMIIIEKCA
ANSYS.

OOyuarommuiics JOMKEH YMETh:
1. dopmanmm3oBarh 3ajJady MaTEMaTHYeCKOTO MOJCIUPOBAHUS TEXHUYCCKHUX
0OBEKTOB.
BBIMOTHATE pacueT TeXHUYECKUX 0OBEKTOB METOJ0OM KOHEUHBIX 3JIEMEHTOB.
3. HHTepnperupoBaTh U aHATU3UPOBATH PE3YIbTAThl YUCICHHOTO pacyueTa.

OOGyuaronuiics 10HKEH UMETh HaBBIKHU:

1. CamocTOsTENBbHON IIOCTAHOBKH JIOKAJIBHOM  HCCJIEAOBATEIBLCKOM  HAy4HO-
TEXHUYECKOU MpOoOIEMBI.

[IpumeHeHns: MaTEMaTUYECKUX MOJIETIC B MHKEHEPHOM JESITEIbHOCTH.

3. ITlpoBeneHHS YUCIEHHOTO YKCIIEPUMEHTA.
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CIIMCOK JIMTEPATYPLI UL CAMOCTOATEJIBHOI'O U3YUEHUA

1. Bgenenue B MmaTeMaTuueckoe MojenupoBanue: Yueb. mocooue / [lox pen. I1.B.
Tpycosa. — M.: Jloroc, 2005. — 440 c.

2. Cksopuos 1O. B. Ucnonp3zoBanne MK3-nmaketa ANSY'S ny1s1 pereHus 3a1a4q
MEXaHUKU JehOpMUPYEMOTO TBEPAOTO Tela [ DIeKTPOHHBIN pecypc]:
WHTEPAKTUB. MyJIbTHME. TTocobue - Camapa: Camap. roc. adpokocM. yH-T um. C.
I[1. Koponesa (nar. uccien. yu-t), 2011.

3. 3apyoun B.C. Marematuueckoe MOACIMPOBAHUE B TEXHUKE: Y4eO. /Il BTY30B /
B. C. 3apy6un; Ilox pex.: B.C. 3apyouna, A.Il. Kpumenko. - M.: MI'TY, 2001. -
495 c.

4. 3enxeBuu O.K. MeToa KOHEUHBIX 3JIEMEHTOB B TexHuke / Ilep. ¢ anri. - M.:
Mup, 1975. - 541c.

I[TPOTPAMMA KYPCA

Tema 1. BBeneHue B MaTeMaTu4eCKO€ MOJICIMPOBAHHUE.

Mopenu u moaenupoBanue. Llenn mogenupoBanus. Knaccudukanms moaeneit.
Maremarnueckass MOJI€NIb M MaTeMaTUYeCKoe MojennpoBaHue. lIpenmyiectsa
MaremMaTudeckoro MojaenupoBanus. [lonsitue marematuueckoi monaenu. CTpykTypa
MaTEMaTUYECKOM MOJICJIU: BXOJHBIC, BBIXOJHBIC IMapaMETPhbl, HUX B3aUMOCBS3b;
npsiMasi, oOpaTHas 3ajada, MOJENIb 4YepHOro smmka. CBOHCTBA MaTeMaTHYECKOM
MOJICIM: TOYHOCTh, IIOJHOTA, AaJCKBaTHOCTb, POOACTHOCTh, SKOHOMHYHOCTD,
HarsgHOCTh. Kiaccudukainus maTeMaTHYeCKuX MOJeNe B 3aBUCHUMOCTH  OT:
CIIO)KHOCTU OOBEKTa MOJICIMPOBAHUS; 1€ MOJACIMPOBAHUS, OIlepaTopa MOJCIH;



napameTpoB MoJienu; crocoba peanuzanuu. Mepapxusi MaTeMaTUyecKUX MOJENei.
DTanbl IOCTPOEHUSI MATEMATUYECKON MOJIETH.

Tema 2. OcHOBHBIE TIOHITHS ¥ KOHIIEMIUS METO/1a KOHEUHBIX anemMeHToB (MKD).
Pazsute MKD. Ocnoa MKD. Buast MK3. Konnenuus anroputma MKD.

BriBo pa3pemaroniux ypaBHeHUN. POpMUPOBaHUE MATPULIBI JKECTKOCTH.

dopMHUpOBaHUE U PEIICHUE TJI00aTFHON CUCTEMbI KOHEUHO-3JIEMEHTHBIX YPABHEHUM.

Tewma 3. [lonsaTus o koHEeYHBIX d51eMeHTax (KD).
Onpenenenre KOHEUHBIX A1eMeHTOB. ATpuOyThl KO. Knaccudpukanms KO.
Ocnosuble Tumnbl KO, ucnonszyemsie B mporpaMMHoM komriekce ANSYS.

Tewma 4. Peanmuzanus MKD B nporpaMMHBIX KOMIUIEKCAX.

Haznauenue u kinaccuukanus CUCTEM aBTOMaTU3UPOBAHHOTO MHKEHEPHOT'O
pacuera (CAE). CtpykTypa U Ha3HaY€HHE OCHOBHBIX IPOTPAMMHBIX MOYJIEH.
O030p poccuiickux U 3apy0eKHBIX IPOrPAMMHBIX KOMILIEKCOB. DYHKIIMOHAIIbHBIE
BO3MOYKHOCTH OTEJBHBIX IPOIPAMMHBIX IPOAYKTOB.

Tema 5. [TocTaHOBKA 3a/1a4M YUCIEHHOTO MOJICIIMPOBAHUS.
Onpenenenue 1nenu pacyeta. BpiOop Tuma MOJETU; OCECUMMETPUYHBIE
MOJIENIU. YYeT NOAPOOHOCTH ONMUCAHUS MOJIEIIH.

Tewma 6. Co3manre reoMeTpHIeCKOW MOJICITH.

Croco6s1 mocTpoenwus reomeTpudeckoit monenu: cpeactsamu ANSYS u CAD
cpenctBamu. CrocoObl TTOCTPOEHUS TEOMETPUUYECKHX KOMIIOHEHT: TOYKH, JIMHHH,
MOBEPXHOCTH, O0BEMBI; TIPUHIIUIIBI ITOCTPOCHUS MOJEIH «CBEPXY BHHU3» U «CHU3Y
BBepx». Ilpumenenue  OyneBbix  omeparnuii. Kunematuyeckue — omnepanuu
npeoOpa3zoBanus 00beKTOB. [locTpoeHNEe 0OBEKTOB U3 YK€ CYIIECTBYIOIIUX.

Tema 7. [TocTpoeHre CeTKH KOHEUHBIX 2JIEMEHTOB.

3aganue aTpuOyTOB CETKH: BBIOOP THIIA KOHEYHOTO 3JIEMEHTA, JIMHCHHBIC U
KBaIPaTUYHBIE AJIEMEHTHI, YCTAHOBKA OIIMHK 3JIEMEHTA; 3a/IaHUE 3HAUYCHUHN PEaIbHBIX
KOHCTaHT; 3a/laHue (U3UYECKUX CBOMCTB MAaTE€pHUAJIOB, JUHEWHbIC U HEJIMHEHHBIE
CBOMCTBA MaTEpUAJIOB.

Tema 8. Harpysku B nporpammuom komiuiekce ANSY'S.

[lonsiTue «Harpy3ka» B YHUCIEHHOM aHaidu3e. Buabl Harpy3ok ajis peuieHus
MPOYHOCTHBIX, TEIJIOBBIX, CBsA3aHHBIX 3anad. lllarm wHarpyxenus. Ilpunoxxenue
Harpy30K K pacueTHON MOJEIIH.

Tema 9. Tlonydyenue pemieHus.
3ajaHue OMIUKA peleHus Ui JUHEMHOro M HEJIMHEMHOTo aHaiu3a, I1aroB
Harpy>KeHusi. 3amycK pac4eTHON MOJIENIA Ha CUET.

Tewma 10. [IpocMoTp pe3ynbTaTOB pacuera.
Omnucanne noctnporieccopoB POST1 u POST26. Bunbl pe3yapTaToB pacuera:
NEepBUYHBIE U BTOPUYHBIE JITaHHBIE. ['paduueckoe oToOpakeHne pe3yabTaTOB pacyera



B noctrporiecope POST1. Tabnuunblii BBIBOA pe3yiabTaToB pacyera. OmpeaeseHue
3aJJaHHBIX KOMITOHEHT PACYETHON MOJICJIA U BHIBO]] 3HAYCHHIA.

MeToan4yeckue yKazaHus

MopenvpoBaHue B COBPEMEHHOM MHpE SIBIIICTCS MHCTPYMEHTOM HAY4YHOTO
MO3HAHUS, KOTOPOE HAXOJWUT MPUMEHEHHUE BO BCEX OTPACIsIX HAYKH U TEXHUKHU, B
KU3HH  OOIIeCTBAa H  JICITCIIBHOCTH  4ejoBeKa. Poik  MareMaTmdeckoro
MOJIEIMPOBAHUS U €T0 MPEUMYIIECTBA PACKPHIBAIOTCS B IIEPBOI TEME Kypca.

B Mopenn COOTBETCTBYIOIIME TEOPETUUECKUE TMOJIOKEHUS (KOHLIEMIIUN)
3aMUCBHIBAIOTCSl HA A3bIKE MaTeMaTHUKU. BMecTe ¢ TeM, OJHA U Ta K€ WM MOXO0XKHE
CUTYyaIllM¥ MOTYT OBITh ONKMCAHBI MHOXKECTBOM MOJIeJieH, 1 HA00OPOT - OJTHA U Ta JKE
MOJIETb MOKET OMUCHIBATH COBEPILICHHO Pa3HbIC SIBICHUS.

Kaxnprii Ttunm wMaTemMaTH4ecKuX MOJENe HMeeT CBOM OCOOCHHOCTH,
OpPUEHTHUPOBAaH Ha TOT WM HMHOM KJIAacc 3a/Jad, CBA3aH C ONPECICHHBIMU
TpeOOBAHUSIMU K BBIYMCIUTEIBHON TEXHUKE U T.I1. B 3TON CBSI3U CTAaHOBUTCS BaKHOMU
Kiaccuukanusa — MaTeMaTHYeCKUX  Mojelield. 3HaHWe  KJIACCU(UKAIMOHHBIX
MPU3HAKOB MAaTEMaTUYECKUX MOJIEJeH CIOCOOCTBYET 3HAYUTEIILHOMY YIPOIIEHUIO
MOJIYYEHHS] HOBOM MaTEMATHYECKOM MOJENH ONPEIEIEHHOIO Kacca sSIBJICHHUS.

[Tponecc mocTpoeHus: 000N MaTEeMAaTUYECKOH MOJEIM MOXKHO MPEICTABUTh
MOCJIEA0OBATEILHOCTRIO  JTANOB, KaXIbIH U3 KOTOPBIX O0JagacT CBOUMH
ocoOeHHOCTSIMU. JIJIg yCHEmHOro mnpouecca MaTeMaTH4eCKOoro MOJAEIUPOBAaHUE
HEOOXOJMMO 3HAaHHE HE TOJbKO OOMIEro aaropuT™Ma IMOJYYEHHUS] MOJAENH, HO
METOJIOJIOTHI0O MAaTEeMaTUYECKOTO MOJCIUPOBAHUS M YMEHHE OIPENETsATh KakKue
pecypchl OyayT 3a/1IeiCTBOBAHBI B TOM.

[TonsTe MaremMaTH4YeCKOW MOJENU, UX KiIacCU(DUKALUM, MPUHIUIIBI
MIOCTPOEHUS OCBEILICHBI [IEPBOM TEME Kypca.

B mpakTuke peanuzaiuu ¥ HCCIEIOBAaHUS MAaTEMATHYECKONW MOJEIUA IIUPOKO
UCIIOJB3YIOT ~QITOPUTMUYECKUN TOAXOJ C HUCIOJIb30BAaHUEM KOMIIBIOTEPHOU
TEXHUKU. B KadecTBe alropuTMHUUYECKUX PEIICHHM HCHOJIb3yEeTCS YHCIEHHOE
MOJEIUPOBAHUE, PEATN3YEMOE B YHUBEPCAIBHBIX MPOrPAMMHBIX KomIulekcax. s
pelieHrs MHUPOKOro Kjacca 3ajady MPUMEHUTEIbHO K CBApHBIM KOHCTPYKIUSIM B
NocJeAHUE ACCATUNIETHS OypHO pa3BUBACTCA METOJI KOHEUHBIX JJIEMEHTOB. OTH
aCTIIEKTHI OCBEIIAIOTCS B TeMax 2 - 4.

[Ipy wu3ydyeHuum Bcex TeM Kypca HEOOXOAMMO TOHUMAaTh  POJb
MaTeMaTUYECKOr0 MOJICTUPOBAHUSA B HAyKe M TEXHHUKU. TEOpeTHUUECKHE OCHOBBI
MaTeMaTHYECKOr0 MOJICTUPOBAHUS OIMUPAIOTCS Ha METOAOJOTMYECKUX acIeKTax
0OlIlIeHayYHbIX METOJIOB MTO3HAHUS OKPY>KaroIIeh cpenbl. MeToapl MaTeMaTHYeCKOTro
MOJICITUPOBAHUSI HAXOJAT IIUPOKOE MPUMEHEHHWE B KOMITBIOTEPHOM aHaIu3e, 4TO
ABJISIETCA OCHOBOM B HACTOSIIIIEE BPEMS [IPU PACUETE CBAPHBIX KOHCTPYKIIHIA.

[TockoJibKy B IIMPOKOM CMBICIE TMOJI MaTeMaTHYeCKOW MOJAENbI0 MOMKHO
TPaKTOBaTh MPUOIMKECHHOE OMHCAaHUE KAKOTO-THO0 Kiacca SIBICHHM, BRIPAKEHHOE C
MOMOIIBI0  MAaTEMaTUYECKOM  CUMBOJHMKH, HEOOXOAMMO  HMMETh  YETKOE
MpEACTaBICHUE, YTO MaTeMaTH4ecKass MOJEIb YCTAHABIMBAET MAaTEMaTUUYECKHE
COOTHOIICHHSI MEXKITY OTKIMKOM M BO3JCUCTBHEM Ha OOBEKT C yU4ETOM BHYTPEHHHX
XapaKTEPUCTUK OOBEKTA.

[Ipy u3yyeHUM pealbHO CYIIECTBYIOIIETO WJIM MBICIUMOTO TEXHUYECKOTO



00bEeKTa MaTEMAaTHUYECKHUE METObl IPUMEHSIIOT K €r0 MaTeMaTHYeCKOM MOJEIH. DTO
npuMeHeHue OyaeT 3(PGeKTUBHBIM, €CIM CBOMCTBA MaTeMaTHYECKOW MOCIH
YIAOBJIETBOPSIOT ONPE/ICICHHBIM TPEOOBAHUSAM: TOUHOCTH, MOJTHOTHI, aJICKBATHOCTH U
Ap.

Kaxxapliik T MaTeMaTHYECKHX MOJeJIEli HMeeT CBOM OCOOCHHOCTH,
OpPUEHTUPOBAaH Ha TOT WM HHOM KJAcC 3ajady, CBsi3aH C ONpPEACICHHBIMHU
TpeOOBAHMSIMU K BBIUMCIUTEIHPHONW TEXHUKE U T.I1. B 3TOM CBS3M CTAHOBHUTCS BAXKHOU
KI1accuukamys ~ MaTeMaTHYECKUX  MojeNeld. 3HaHWe  KJIAacCCU(UKAIMOHHBIX
MPU3HAKOB MAaTeMaTHYECKUX MOJEJIEN CIOCOOCTBYET 3HAYUTEIBHOMY YIPOIIECHUIO
MOJy4Y€HUs HOBOM MAaTEMATUYECKON MOJEIN OMPEACICHHOTO KJIacca SABJICHHUS.

[Tponecc mocTpoeHus: 000N MaTEMATUYECKOM MOJIEIM MOKHO IMPEICTABUTh
MOCJICIOBATEIPHOCTRIO ~ 3TANoOB, KaXKIBIM M3 KOTOPBIX O0JaJaeT CBOMMU
ocoOeHHOCTSIMU. JIJIsT  yCTENmHOTO TIpoliecca MaTEeMaTHYECKOTO MOJISIHMPOBAHUC
HEOOXOJMMO 3HAaHHWE HE TOJbKO OOIIEro ajJropuTMa IOJyYeHHS MOJICIH, HO H
METOJOJOTHUIO MATEMATUYECKOTO MOJECIUPOBAHUS W YMEHHE OINPEACIATh KaKue
pecypcel OyyT 3a7eHCTBOBaHbI B ATOM. JleTaabHO JIaHHBIC TOJIOKEHUS U3Y4YalOTCs B
teMax 5-10.

KOHTPOJIbHBIE BOITPOCHI JIJIA1 3AHYETA

1. Yro Takoe monenb u MoaenupoBanue? Llenu moaenupoBanus?

2. Kakwue cymecTByOT TUITBI MOJEIUPOBAHUS?

3. HazoBuTte xapakTepHble 0COOCHHOCTH aHAJIOTOBBIX MOJIEIICH.

4, Y10 Takoe KOTHUTUBHAS MOJEIb?

5. Kakue Mozenu Ha3bIBAIOT COJEPKATEIbHBIMU?

6. Ha3zoBuTe pa3HOBUAHOCTH COACPKATEIBHBIX MOJICICH.

7. Yem KoHIENTyalIbHass MOJIEb OTIMYAETCS OT COJAEPKATEIBHOM?

8. Uro Takoe dopmanbHas MOJEIb?

9. Kakoe moaenrpoBaHie Ha3bIBAETCS MaTEMaTHUECKUM?

10. Kakue npuMepsl MaTeMaTHYECKUX MOJIEICH BaM U3BECTHBI?

11. ChopmynupyiiTe TOCTOUHCTBA MATEMATHUYECKUX MOJIEIICH.

12. Yro MoxeT BbICTyHaThb B KadecTBE oOlepaTopa MpU MaTeMaTUYECKOM
MOJETUPOBAHUU?

13. ITo xakum Kiaccu(UKAIMOHHBIM MPU3HAKAM MOKHO Pa3fesiiTh MaTeMaTHYECKIe
MOZIENH?

14. YeMm npocThie MOJIETH OTIUYAOTCS OT CIIOKHBIX ?

15. B uem 3akiir04aeTcs CI0KHOCTh MOJICIMPOBAHUS CUCTEM?

16. Kakue tunsl MoJiesIelt MOKHO BBIICJIMTH MO BUAY OIllepaTopa MOJACIUPOBAHUS?

17. Yem oTnnyaroTcs JUHENHBIE U HETUHEWHBIE MOIEITN?

18. Kakue Tumbl Moieiel BBIACISIOTCS TI0 BUIY TTapaMEeTPOB MOACIUPOBAHUS?

19. Yem xapakTepHa JEeCKPUTITUBHASI MOJIEITH?

20. JIns Kakux 11eyied CIIy>KUT ONTUMH3AI[MOHHAS MOJIETh?

21. Yem oTIMUArOTCS CTAIIMOHAPHBIE U HECTAIIMOHAPHBIC MOIEIIN?

22. Kak BnusieT pa3MepHOCTh Ha CI0KHOCTh Mojenu? [Touemy?

23. HazoBuTe OCHOBHBIE METONBI pealM3alid MOJEeH, TMEepeUYnclInTe HX
JIOCTOMHCTBA U HEJIOCTATKHU.

24. Y10 BKIIIOYAET MOHATUE KOPPEKTHOCTH MATEMATUYECKON 3a1auun?



25. KakuM yclI0BUSIM JOJKHA YJIOBJIETBOPSITh KOPPEKTHASI MOZEIIb?

26. K xakuM MaTeMaTu4ecKuM 3a7a4aM MOKHO IPUMEHSTh YNCIEHHbBIE METO/bI?

2. HazoBuTe TpU COCTABIISIIOIINE MTOTPEMIHOCTH YUCIEHHBIX METO/IOB.

28. Kakue uenu npecieayeT NpoBepka aleKBaTHOCTH MOJENN?

29. Ilepeuncinre NpUYMHBI BO3MOKHON HEAJEKBATHOCTH MOJEIIH.

30. O0BACHUTEL NOHATHE MaTeMaTHYeCKON KoHIenuuu MKD.

31. O6BsicHUTS TTOHATHE PU3HIecKoi KoHmenrn MKD.

32. IlepeyncnuTh OCHOBHBIC LIATH YUCIEHHOTO MOACIUPOBAHUS.

33. [IpuBenute ocHOBHOE ypaBHEeHHEe MKD.

34. Tlepeuncnuts 1maru oodero aaropurma MKDO.

35. Ilepeuncnuts aTpuOyThl KOHEYHBIX SJIEMEHTOB.

36. IIpuBenuTe Knaccuukaio KOHEUHBIX HIEMEHTOB.

37. PackpoiiTe TOHSITHE TPAHUYHBIX ycIOBUH. llepeynciuTe TUIBI TPaHUYHBIX
YCIIOBHUH B 337jauaXx MEXaHUKU KOHCTPYKIUI.

3AJTAHUE JIJIS1 KOHTPOJIBHBIX PABOT

Bapuasnr 1.

1. MaremaTnueckast MOZIEJb: IOHITHE, CTPYKTYpa, CBOMCTBA.

2. Hasnauenwue, cTpykTypa, GyHKIIHMOHAIBHBIE BO3MOKHOCTH cucteM CAE
(aBTOMaTHM3MPOBAHHBIN HHKEHEPHBIN aHam3). [IpuMepbl MporpaMMHBIX
MPOAYKTOB U MX OMHCaHUE.

Bapuanr 2.

1. Knaccudukamms MaTeMaTHIeCKIX MOJIETIeH B 3aBUCIMOCTH OT CJIIOKHOCTH
00BEKTa MOJETUPOBAHUS.

2. Pazpemaromue ypaBHEHUSI METOJOM KOHEYHBIX SJIEMEHTOB B TUIOCKOMH

MMOCTAaHOBKE.

BapwuanT 3.

1. Knaccudukaiys MaTeMaTHUYECKUX MOJICNICH B 3aBUCHMOCTH OT OTiepaTopa
MOJICIIH.

2. OOmas cxema alnropuTMa perieHus 3a1a49 METOI0OM KOHEUHBIX DJIEMEHTOB.

Bapwuanr 4.

1. Knaccudukaiys MaTeMaTHUYECKUX MOJICIICH B 3aBUCHMOCTH OT ITapaMeTpPOB
MOJICIIH.

2. Maremarnyeckas v (pu3ndeckas KOHICTIIHS METO/Ia KOHEYHBIX 3JIEMCHTOB.

Bapuanr 5.

1. Knaccudukaiuys MmaTeMaTUUEeCKUX MOJIeNIel B 3aBUCUMOCTH OT METOI0B
pean3aIuu.

2. DTarnbl NOCTPOCHUSI MAaTEMAaTHUYECKON MOJICIIH

Bapuanr 6.

1. Kiaccudukaiys MaTeMaTHUYCCKUX MOJICIICH B 3aBUCHMOCTH OT IEJTH
MO/JICJIUPOBAHUS.

2. ATpuOyTHI 1 KJIacCHU(PUKAINS KOHECUHBIX dJIEMEHTOB.

Howmep BapuanTa BEIOMpPAETCS IO CIIUCKY TPYIIIBI



