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YTBEPXIARO
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JIUCT COI'JIACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJIEHA B COOTBETCTBUH C TPEBOBAHUSMU ®ENEPAJIBHOI'O
T'OCYJAPCTBEHHOI'O OBPA3OBATE/IBHOI'O CTAHJAPTA BBICIIIET'O OBPA3OBAHUA (®I'OC BO)

27.04.04 Ynpas/ieHHe B TeXHHUECKHX CHCTeMax
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa E6 ABTOHOMHBIE UHOOPMALIMOHHBIE U
YIPABJIAROILIWE CUCTEMBI
[TaBnoB Asnekcanzp CepreeBud, CTapIiuii MperojaBaresib

[TporpaMma paccMOTpeHa
Ha 3ace/laHuy Kadeapbl-pa3paboTurka
paboueti nporpammel E6 ABTOHOMHBIE TH®OPMAILIMMOHHBIE U YITPAB/IAHOIIIUE CUCTEMbI

3aBenytomuii kadenpoii Eropenkos JI.C., K.T.H., CHC

[Tporpamma paccMOTpeHa
Ha 3ace/JaHUM BhIMyCKaroIiei Kadeapbl

E6 ABTOHOMHBIE NTH®OPMAILIMOHHBIE 1 YITPAB/IAIOIIIUE CUCTEMBI

3aBeqyromii Kadezapoii Eropenkos JI.C., K.T.H., CHC




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
UNCJ/IEHHBIE METO/JABI MOJAE/IMPOBAHUSA ITPOITECCOB

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

5. YYEBHO-METOIMYECKOE 1 UTHOOPMAILIMOHHOE OBECITEYEHUWE OVCLUITIIHBI
6. MATEPUAJIBHO-TEXHMUYECKOE OBECITEUEHWE OVUCHUITJIMHBI

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

o Tlpunoxkenue 1. AHHOTaLMsI paboueli IpOrpaMMbl
¢ TIpunoxenue 2. TeXHOTOTUU U GOPMBI 00yUeHUSA
o [Ipunoxenue 3. OHABI OLIEHOUHBIX CPEJCTB



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

Lenbto 0CcBOEHUS AUCLUILIVHEI SIB/IsieTCst (POPMUPOBAHUE CIeAYIOIMX KOMITeTeHLUI:

IICK-4.1 — crocoO6HOCTh pa3pabaThiBaTh M PeaM30BLIBATH KOMITIEKCHBIE MaTeMaTHueCKue MOJen
aBTOHOMHBIX MH(OPMALIMOHHBIX U YITPABJISIOLIUX CUCTEM

DOpMHUPOBaHHIO KOMITETEHI[UH CITY>KUT JOCTKEHUE CJIeIyIOLIUX Pe3y/IbTaToB 00pa30BaHus:
IICK-4.1
3HAHUS:
MeTO/bl MO/Ie/TUPOBAHUS U aHa/IU3a CTaTUYeCKUX MPOLIeCCOB B TEXHUUECKUX CUCTeMaX;
MeTO/bl PacueTa U aHa/iu3a CTaTUYeCKUX U JUHaMUUeCKUX 3aay MeXaHUKH CIUIOIIHBIX Cpef;
MeTO/Ibl MO/Ie/TUPOBAaHMS U aHAM3a TePeX0IHBIX TIPOI[eCCOB B TEXHUUECKUX CHCTeMax;
YMeHUs:
pa3paboTKa MaTeMaTHueCKUX MO/ie/iel aBTOHOMHBIX UH(OPMAIIMOHHBIX U YTIPABJISION[UX CUCTEM;
pellieHre 3a7ia4 C UCII0/Ib30BaHNEM YHCIeHHBIX MEeTO/IOB U aJITOPUTMOB;
pellleHHe CTaTUUeCKUX U JUHAMUUeCKUX 3aad MeXaHUKHU CIUIOIIHBIX Cpefl B CUCTeMaX MH)XeHepHOro
aHan13a;
HaBbIKU:
TIPOBe/IeHNe ONTUMH3al[MH [TapAMeTPOB TEXHUUECKHUX CHUCTEM;
TpoBeZieHre KOHCTPYKTOPCKOTO aHa/In3a ZieTajiel v y3/I0B TeXHUUeCKUX CUCTEeM;
WCTIO/Th30BaHUE UMC/IEHHBIX METO/IOB ITPY MO/Ie/TMPOBAaHUU 3a/]ad MeXaHUKH CIIJIOITHBIX CPef.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Jucuynmna YACJIEHHBIE METO/ABI MOJAE/TUPOBAHUS ITPOLIECCOB siBnsiercs
TUCLIMTUTUHON YacTH, (popMHUpyeMoii yuaCTHUKAMH 00pa3oBaTe/IbHBIX OTHOILIEHUH 6;10Ka 1, mporpaMmbl
MOATOTOBKM 10 HarpasJieHUI0 27.04.04 YnpaeneHue 8 mexHUYecKuUx cucmemax.

ConepkaHve  JUCHUIUIMHBI  SIBASIETCS  JIOTMUECKAM  TIPOZIOJDKEHHEM  COofiepyKaHusi  (hHU3WKO-
MaTeMaTHUeckoW  TMOATrOTOBKM  0akajaBpa M CIAY)KUT  OCHOBOM /IS OCBOEHUWS  JIUCIUTUINH:
ABTOMATU3AIINA TIIPOEKTUPOBAHUSA ABTOHOMHBIX WH®OPMAIMOHHBIX WU
YIIPAB/IAIOIIIUX CUCTEM, 3®PEKTUBHOCTbh U HAJEXHOCTbDH, YIIPAB/IEHUE IIPU
HA/IMUNAN HEOHPE,Z[EJIEHHOCTEFI, CIIYTHUKOBBIE HABUI'AIIMOHHBIE CUCTEMB],
COBPEMEHHASA TEOPUS YIIPAB/IEHUS, ITPOTPAMMHOE OBECIIEYEHUE CUCTEM
PEAJIBHOT'O BPEMEHU, INPEJIUIIVZIOMHASA ITPAKTHUKA, OIITUYECKASI 1 KBAHTOBASA
JIEKTPOHUKA B CUCTEMAX YIIPAB/IEHUS, HAYUHO-UCCJ/IEJOBATE/IbCKAS PABOTA,
MUKPOJJIEKTPOMEXAHUYECKUE CUCTEMbBI, MATEMATUYECKOE MOJE/IMPOBAHUE
OBBEKTOB MW CHUCTEM YIIPAB/IEHUS, BBICIIIAA MATEMATUKA B HAYYHbBIX
NCC/IEJOBAHUSAX, METO40JIOI'A HAYYHbBIX I/ICCJIE,Z[OBAHI/II;'I, METO/bI
WCIIBITAHUM ABTOHOMHBIX WH®OPMAIIMOHHBIX W YIIPABJIAIOIIUX CHUCTEM,
TEOPUS IIOCTPOEHUA BPEMEHHBIX YCTPONUCTB



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/seT 5 3.e., 180 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI

Paszpen 2. MopenvpoBanuve u

BN WIN| =

aHa/IU3 CTaTUYeCKUX
COCTOSIHUM.

AyauTOpHbIE 3aHATHA N
B KOHTaKTHOIi ¢hopme ey
> s | 25| f8
e | g9 e g gx| &2
I E HanMeHoBaHHe pa3s/ie/IoB H JUAAKTHYECKHX eJHHHUI] 8 E g § g ] & 2
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Paszpen 1. Beegenue. 1.1 Llesm, npegmer 1 3aaun Kypca. 1.2 O61iue cBefieHust 0
MO/Ie/IMPOBAHNM TeXHUUeCKHX cucTeM. 1.3 IInaHMpoBaHKe BBIYUCIUTE/ILHOTO SKCIIepUMeHTa.
5 9 1.4 KOHCTPYKTOPCKMI aHa/ U3 ¥ UMC/IEHHOe MOAeTMpoBaHue. Posib MH)KeHepHOro aHa/mM3a B 17 5 4 1 12 16
MPOEKTUPOBAaHUH aBTOHOMHBIX MH(OPMALIMOHHBIX M YNPaB/ISIOLIUX chcTeM. 1.5 PacueTHo-
aHanutnueckue CAE-cucTeMsl.
Paszpen 2. Moae/IMpoBaHHe ¥ aHA/IN3 CTaTHYECKUX COCTOSTHMM. 2.1 3a/jaun aHanmm3a
CTaTMYeCKHX COCTOsIHUM cucTeM. 2.2 TTocTaHOBKA 3a/lau aHa/iM3a CTaTHUeCKUX COCTOSTHUI
crcreM. 2.3 YKc/ieHHble METO/IbI PeLLeHH s CUCTeM ajirebpanuecKux ypaBHeHui. 2.4 Pelienrie
5 9 CHCTeM JIMHeWHBIX YPaBHeHUH C JIeHTOYHbIMU MaTpuLiaMu. 2.5 MeTozjp! pelieHust 33 8 6 2 25 22
anrebpanyeckux mpobiemM cOGCTBEHHBIX 3HaUeHUH. 2.6 Unc/IeHHbIe METOABI PelleHns: CUCTeM
He/IMHeHHBIX ypaBHeHUM. 2.7 AHa/IM3 CTaTUYeCKUX COCTOSHUH IMHeHHBIX TeXHUYeCKHX
cucreM. 2.8 AHaNU3 CTaTUUeCKUX COCTOSHUI HeJIMHEeHHbIX TeXHUYeCKHX CHCTeM.
Paspen 3. MopenMpoBaHue ¥ aHa/ M3 JMHAMHUYeCKHX npoueccoB. 3.1 3ajauu aHanu3a
JIMHaMUYeCKUX MPOLIeCCOB TeEXHUYeCKUX CUCTeM. 3.2. Unc/ieHHble MeTOo/bl pellleHust
5 9 mddepeHIManbHbIX ypaBHeHHit. 3.3 TIorpelHoCTH YMC/IeHHBIX METO0B HHTeTPUPOBaHMSI. 50 12 8 4 38 2
3.4 YCTOIYMBOCTb UNC/IEHHBIX METOZ0B MHTErprUpoBaHusl. 3.5 SIBHbIE METO/bI
MHTerpupoBaHusl. 3.6 HesiBHble MeTo/bl MHTerpypoBaHus. 3.7 AHa/IN3 JUHAMUUeCKUX
TIPOLIeCCOB TEXHUYECKHX CHCTEM.
Paspen 4. MoaeMpoBaHHe NPOLECCOB B MeXaHHKe CIUIOLIHBIX cpef. 4.1 MareMaTiyecKuii
anmapar B B MexaHHKe CIUIOIIHBIX cpef. 3azaqu, xapakrepHsle aast ALY C. 4.2 Metog,
KOHEUHBIX 3/IeMEeHTOB B 3a7ladaX MeXaHWKM CIIOLIHBIX cpef. 4.3 MeTo/, KOHeUHbIX pa3HOCTel
B 3a/layaX MeXaHUKH CIUIOLIHbIX cpe/l. 4.4 JIMHelHbIi 1 HellMHelHbIH MPOYHOCTHOM aHa/mu3.
4.5 CranyoHapHbIi ¥ HeCcTalMOHAPHBIH TeroBol aHanu3. 4.6 Mojanbhslit aHanus ANYC.
5 9 4.7 Tapmonnueckuit aHamus AUYC. 4.8 MogenrpoBaHie HeJTMHEWHBIX OBICTPOIIPOTEKAROIX 80 26 16 10 54 40
riporieccoB. 4.9 OCHOBHBIe TeOpeTHUeCKHX TOJIOKeHHsI /IS TIPOBe/leHUs] aHa/M3a
HeJIMHeHHBIX GbICTPOIPOTEKAIOIIUX MPOLleccoB GU3NKH B3pbIBa U yjlapa B CCTeMax
H“HKeHepHOro aHanusa. 4.10 MogenipoBaHye NpoLiecCoB AUHAMUKU XXUAKOCTU U rasos. 4.11
MeTop, KOHTPOJILHOTO 06BEMA B 3ajauax BBIUMC/IUTENBHOM THAPOra3oqHaMuKH. 4,12
OCHOBHBbIe TeOpeTHUeCKHX TOJIOXKeHHs /ISt TIPOBe/leHusl aHaIu3a 3a/au IMHaMUKH XKUJKOCTH
Y ra30B B CHCTeMaxX MH)KeHepHOro aHasu3a.
Bcero 3a 9 cemecTp 180 51 34 17 129 100
Bcero no gucuuninHe 180 51 34 17 129 100
3.2. AyAMTOpHBIN NPAKTUKYM
Oo0nemMm,
Ne Homep u HaiMeHOBaHHe
Tema MNPAKTHYECKOI'0 3aHATUA dayA.
n/n pa3jesia JMCIIUIIVIUHbI
qacoB
Pazgen 1. Beenenue. N3yuenne CAE Ansys Workbench. 1
W3syuenue mogysst Ansys Steady-State Thermal. 0.5

N3yuenne moxyasi ANSYS Static Structural.

0.5

ITpaktnueckoe 3aganue Ne 1. AHa/M3 NPOUHOCTH

KOHCTpYKIuU ANYC 1ipu 3a/JaHHBIX BHEIITHUX BO3/AeMCTBUSX.

Pazpen 3. MopenvpoBaHue 1

dHa/IM3 JrMHaMKUuueCKUX

TIPOLIECCOB.

IMpaktrueckoe 3afanue Ne 2. AHamu3 paboToCIOCOOHOCTH

KOHCTpYKIMK ANYC nipy 3a/JaHHBIX BHEIITHUX BO3/AeMCTBUSX.

W3zyuenue mogysnst Ansys Modal.

0.5

N3yuenne moxyast ANSYS Transient Structural.

0.5

N3yuenue monynsa Ansys Random Vibration.

0.5

W3syuenue mogysst Ansys Rigid Body.

0.5

N3yuenue monyns Ansys Transient Thermal.

0.5

N3yuenne monyns Ansys Harmonic Response.

0.5

Pa3zpen 4. MopenvpoBanue
MpOL[ECCOB B MeXaHUKe

CIJIOIIHBIX Cpen.

N3zyuenue mogysneit ANSYS Explicit Dynamics, ANSYS LS-
DYNA.

N3zyuenue mogysnst ANSYS Autodyn.

N3yuenne moxyast ANSYS Fluent.

ITpakTuueckoe 3aganue Ne 3. AHamu3 paborocnocobHOCTH
KoHCTpyKIuu ANYC B mipoljecce B3auMOJIeHCTBUS C
TUIOBBIMU IperpasaMu.

6
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16 [paktrueckoe 3azganue Ne 4. Pacuer ko3¢ durireHTa 2
a3pOJIMHAMUUECKOTO COTIPOTHB/IEHHsI 00BEKTa.
17 N3yuenne monynst ANSYS CFX. 2
Bcero 3a 9 cemectp 17
3.3. CamocrosnTenbHas padora crygenra (CPC)
Ne Howmep n Oo0nemMm,
o/ |HAMeHoBaHue pasjesa Copep>kaHue yue9HOro 3ajaHus aCOB
JUCIMITTUHBI
1 |Pa3gen 1. BeepeHue. N3zyuenune CAE Ansys Workbench. 12
2 N3zyuenne monyns ANSYS Static Structural. 4
3 |pasgen 2. [JomatuHee 3aanue Nel. OdopmieHne oTyeTa M0 MpaKTHUeCKOMY 8
3agaHuio Nel.
4 Mopempoatiite i N3yuenue monyns Ansys Steady-State Termal. 4
aHa/In3 CTaTu4yeCcKUx
COCTOSIHMIA. N3yueHue nepefoBOY HAyYHO-TEXHUYECKOW JIUTEPATYPHI,
5 MOCBSILLeHHOHN UYMC/IeHHBIM MeT0[,aM MOZ,e/IMpOBaHMs MTPOLIeCCOB, 9
MaremarriuyeckoMy MopenuposaHuio B CAE-cucremax.
6 W3yuenue mopyns Ansys Modal. 6
7 N3yuenne momysst Ansys Rigid Body. 6
g |Pasgen3. HowmartiHee 3aganue Ne 2. OdopmieHre 0TueTa 1o IPaKTUue CKOMY 6
MogenupoBanue u 3afanuio Ne2.
9 |aHamu3 guHamuueckux |M3ydenue mopyna Ansys Transient Termal. 5
10 |HpoOLeccos. N3syuenue mogysnst ANSYS Transient Structural. 5
11 N3yuenne momyssi Ansys Random Vibration. 5
12 Nsyuenue mopyns Ansys Harmonic Response. 5
13 N3zyuenue mogysnst ANSYS Autodyn. 8
14 HowmarrHee 3aganve Ne 4. OdopmeHre 0TUeTa 10 TTPAKTUUe CKOMY v
3agaHnio Ne4,
15 |Paspen 4. W3yuenne mogynst ANSYS LS-DYNA. 9
MopenmpoBativie HowmarHee 3aganue Ne 3. OdopmieHre 0TueTa Mo MpakTUue CKOMY
16 |mporeccoB B MeXaHUKe 7
CIIOILHBIX Cpef. 38/AHHI0 Ne3.
17 N3zyuenue mogysnst ANSYS Fluent. 9
18 N3yuenne monyns ANSYS CFX. 9
19 N3yuenne mogyns ANSYS Explicit Dynamics. 5
Bcero 3a 9 cemectp 129
4. ®OPMbI KOHTPOJISI OCBOEHUSA TNCLHUIIJIMHBI
CEMECTP HEJEJ/IN CEMECTPA
1/2/3| 4 |5/ 6 |78 9 10 |11 12| 13 (14| 15 | 16 17
9 A3 AP Konn | AP A3 43 | Op Bomnp. Ok3

‘YciioBHbIe 0003HAUCHUSA:

[P — nuarHocTHueckasi paboTa;

[3 — nomaiHee 3ajjaHue;

Komnn — konnoksuyw;

Bonp. JK3 — BOMpPOCHI K 3K3aMeHY.

TeKyui KOHTPO/Ib YCIIeBAEMOCTH CTY/[eHTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIbI B
cnenyromumx dhopMax:
[TMarHoCTUYeCKasi pabora;
JlOMalllHee 3a/laHue;
KOJIJIOKBUYM;

BOIPOCHI K 9K3aMEHY.

IIpomMesKyTouHasi arTecTamusi IIPOBOAXUTCS B popMax:
JK3aMeH.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. A. B. BabkuH, B. B. CenuBadoB. . OCHOBBI MEXaHUKH CILIOMIHBIX cpef. M.: V3a-so MI'TY um. H. 3.
Baymana, 2004, 351. pec.

2. A. B. babkun, B. U. Konmakog, B. H. OxutuH. . Ynuc/ieHHbIe METOZBI B 3a/1auaX (QU3UKU
OBICTPOIPOTEKAOIMX TpoLieccoB. M.: M3a-8o MI'TY um. H. 3. Baymana, 2006, 351. pec.

3. B. B. CenuBanoB. IIpuknaziHasi MexaHUWKa CI/IOLIHbIX cpef. T. 2 MexaHrKa pa3pylieHusi
nedopmupyemoro Tesa. M.BI'TY "BOEHMEX" um. 1. ®. YcruHoBa, 1999, a51. pec.

4. B. 1. Ko3noB. . Oco6eHHOCTH KOHCTPYKLMIA B3pbIBaTe/IbHBIX YCTPOWCTB K OoernpuIiacamM CTBOJIBHOU
apTU/UIepUU U pakeTHbIM cHapsgaMm. M.: N3a-so MI'TY um. H. B. Baymana, 2012, s51. pec.

5. B. I1. Tapacuk. . MaTematriueckoe Mo/ileTMpOBaHue TexHUUeCcKuX cucteM. MuHck: Ju3saiin [TPO, 2004,
3J1. pec.

6. K. H. Bonkog, B. H. EMe/ibsaHOB. . Belunc/iuTenbHbIe TEXHOJIOTHUY B 3a/ladax MeXaHUKU JKUIKOCTH 1
rasa. M.: ®U3MATJINT, 2012, 551. pec.

7. K.-1O. bare, 3. JI. Buncos. . Ync/ieHHbIe METO/bI aHa/IM3a ¥ MeTO/, KOHEUHBIX 3/1eMeHTOB. M.:
Crpoiiuzgar, 1982, am1. pec.

8. H. H. ®énopoga, C. A. Banerep, M. H. Tanuios. . OcHoBbl pabotel B ANSYS 17. M.: [IMK TIlpecc,
2017, an. pec.

5.2. JlorionHUTeNbHAs IUTepaTrypa Mo JUCLUIUIVHE:
He Tpebyercsi.
5.3. Ilepuoguueckue U3gaHus:

1. Jedopmauys 1 pa3pylueHre MaTepHasos;
2. 'npopMaLiioHHO-M3MepUTe/IbHbIE U YIIPaB/IsIoLye CUCTEMBI;
3. MopenvpoBaHue 1 aHa/u3 UH(POPMaLMOHHBIX CUCTEM.

5.4. TlepeueHb peCcypCcoB MHPOPMALIOHHO-TeIeKOMMYHHUKAIIMOHHOM ceTH "VIHTepHeT", He0OXOUMBIX /ISt
OCBOEHMsI TUCLIUII/TUHBI, 3/IEKTPOHHbIE OMOIMOTEeUHbIe CUCTEMBI:

1. http://urait.ru — OO6pa3oBaresbHas Tiardopma «FOpaiT». [/ By30B U CCY30B.;

2. http://library.voenmeh.ru — ®yngamenranssas 6nbmoreka BI'TY « BOEHMEX» um. [I.®. YcTHHOBa;

3. http://e.lanbook.com — 3BC JlaHs;

4. http://ibooks.ru — 3BC Alibykc.py - 310 60/b1110# BLIOOP aKTyanbHOM JIUTepaTyphI AJIs Baliei
OUOMMOTEKH B 3/IEKTPOHHOM BUJE;

5. http://www.tnt-ebook.ru — TNT-EBOOK - DjieKTpOHHO-0HO/IMOTeUHass cCUCTeMa.

CorpeMeHHbIe poeccroHabHbIE 0a3bl JAHHBIX:

1. https://rusneb.ru — HarjuoHansHas 3/ekTpoHHas 6ubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHast a/ekTpoHHas 6ubmoreka « KubepieHHHKa»;
http://www.rfbr.ru/rffi/ru/library - TlonHoTekcToBast 3nekrponHas 6ubmmoTeka Poccutickoro oHza
(byHIaMeHTaTbHBIX UCC/IeI0BaHUH.

VHdopmaLMoHHbIe CIIPaBOYHbIE CHCTEMBI:

1. Texa3kcriept — MIHGOpMAaIMOHHBIM ITOPTa/l TEXHUUYECKOTO peryiupoBanusi: HopMel, mpaBu/ia, CTaHAAPThI
PO;

2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - /] I'OCTos
cobcrBenHoii reHepauuu BI'TY "BOEHMEX" um. []. ®. YcTrHOBa;

3. http://www.consultant.ru/- KoncynsrantIntoc- nH(opMalioHHBI# TOpTaa IpaBoBOM MH(MOPMALUH.

5.5. ITporpamMmHOe obecrieueHue:

1. PTC Mathcad Prime 5.0;

2. Ansys Multiphysics 2019 Teaching Advanced,;
3. KOMIITAC-3D V17;

4. SolidWorks 2015 R5;



5. Matlab 2015a SP1.
5.6. HdopmalioHHbIe TeXHOJIOTUU:

B3anMmogeiicTBre ¢ obyuaroumucs nocpegcrsom SMOC Moodle BI'TY «k BOEHMEX» um. [J.®. YctuHOBa.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

CreLa/IM3UpOBaHHbIe TpeOOBaHus 110 000PYZAOBaHMIO OTCYTCTBYIOT; ayAUTOPHUS C TIOCAZOUHBIMU
MeCTaMHU I10 KOJIMYeCTBY CTYZIeHTOB; [OCKa.

6.2. IIpakTHyeckue 3aHATHA:

1. ITpoekTop;

2. lHTepakTHBHas [0CKa;

3. PTC Mathcad Prime 5.0;

4. Ansys Multiphysics 2019 Teaching Advanced;
5. KOMITAC-3D V17;

6. SolidWorks 2015 R5;

7. Matlab 2015a SP1.

6.3. IIpouee:

1. pabouee MeCTO TIpero/aBare/isi, OCHAIIlEHHOe KOMITBEOTEPOM C JOCTYroM B VIHTepHeT;
2. paboume MecTa CTy/IeHTOB, OCHAIL|eHHbIe KOMITbIOTEpaMH C JOCTYIIOM B VIHTepHET, rpeiHa3HaueHHbIe
[I71s1 pabOThI B 3/IEKTPOHHOI 00pa30BaTe/IbHOM Cpefie.
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ITpunoxenue 1
K paoueii mporpaMme AMCLUILIHHbI
UYHNCJ/IEHHBIE METO/bI MOAE/IMPOBAHUSA ITPOLIECCOB

AnHoTanusa paboueii nporpaMMsl

Jucoumuimaa YACJIEHHBIE METO/bI MOJE/IMPOBAHUSA IIPOIIECCOB saBnsercs
JUCLUIIMHON YacTH, (JOpMHPYeMOH yYaCcTHHMKaMH 00pa3oBaTe/IbHBIX OTHOIIEHHH 0/10Ka 1, mporpaMmbl
TOATOTOBKM MO HampasieHuto 27.04.04 YnpaeneHue 8 mexHuueckux cucmemax. JUCUWI/IMHA peau3yeTcsl Ha
tdakynerete E Opyxkue u cucrembl Boopyxenusi bBI'TY "BOEHMEX" um. [O.®. YctunoBa kadezapoii E6
ABTOHOMHBIE MTHO®OPMALIMOHHBIE N YIIPABJIAROIIWE CUCTEMBI.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
TICK-4.1 criocobHOCTh pa3pabaThiBaTh U peanin30BbIBaTh KOMILJIEKCHbIE MaTeMaTHUeCKHe MOJZIe/IM aBTOHOMHBIX
MHGOPMALIMOHHBIX ¥ YIIPAB/ISIOIAX CUCTEM.

CogeprkaHue AUCLMIIIMHBI OXBaThbIBaeT KPYT BOIIPOCOB, CBS3aHHbIX C YHC/I€HHBIMUA METOJAMU MO/le/MpOBaHuUs
MIpOLIeCCOB, UMC/IEHHbIMKM METOJaMu B MexaHUKe CIUIOLIHBIX CpeJj, MareMaTHueCKUM MO/e/IMpOBaHueM,
YKC/IeHHBIM MOJieJIMPOBaHNeM, KOHCTPYKTOPCKUM aHa/IM30M JieTajield ¥ y3/10B aBTOHOMHBIX MH(QOPMAaLIMOHHBIX
Y yrpasssitoux cucreM, CAE-crcTeMaMy MH>XeHepHOTO aHa/Iu3a.

[TporpamMmMoii JUCIUITIMHEI TTPe[yCMOTPEHBI CJIe/IyIOIIie BHABI KOHTPOJIA:

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[€HTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e HArHOCTUYECKasi paboTa;
e JOMaIllHee 3a/laHue;
¢  KOJUIOKBUYM,;
e BOMPOCHI K 9K3aMEHY.

IIpome)xyTouHas arTecTanusi IIPOBOJUTCS B (hopMax:
e 9K3aMeH.

OO01as  TPY/I0EMKOCTb OCBOEHHSI AUCLUIUIMHBI cocTaBiasgeT 5 3.e., 180 u. TIporpamMMoM AWCIUITHHBI

MpelyCMOTPEHbI JIEKIIMOHHbIe 3aHATHS (34 4.), mpaktuueckue 3aHatus (17 4.), camocTosTesnsHas pabora
cryzeHrta (129 u).
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IIpuioxenue 2

K paoueii mporpaMme AMCLUILUIHHbI
UYHNCJ/IEHHBIE METO/bI MOAE/IMPOBAHUSA ITPOLIECCOB

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUSA

PekoMeH/Jaliy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb 0CBOEHHS AUCLUMIUINHBI cocTaBgeT 180 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATUH, U 129 u.,
OTBe/IeHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeH/IalIMM  TI0  pacrpe/ie/ieHHI0  yueOHOrO BpeMeHHW M0 BH/]AM CAMOCTOSITE/TBHOM paboThl |
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI TIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTpOJIe yCI1eBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcs.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUS TPYBe/ieHbl B TPUIoKeHHH 3 K Paboueii mporpamme.

HaumeHoBaHue padoThI PexomeHjyemas 1uTeparypa prn(::v;xocm,
Paspen 1. Beepenue.
B. 1. Ko3nos. . OcobeHHOCTH KOHCTPYKLMI
B3pBIBaTe/IbHBIX YCTPOMCTB K Ooemnpumnacam
CTBO/ILHOM apTU/I/IePUX U paKeTHBIM CHapsiiaM:
M.: U3p-Bo MI'TY um. H. 3. baymana, 2012
(Pazgenn 1, 2)
N3yuenne CAE Ansys Workbench. H. H. ®éaopoga, C. A. Bansrep, M. H. 12
Hanunos. . OcHoBel pabotel B ANSYS 17: M.:
OMK IIpecc, 2017 (I'naBsi 1-2)
B. II. Tapacux. . MaTemaTuueckoe
MO/Ie/TUPOBaHNe TeXHUUECKHUX CUCTeM: MUHCK:
[Huszatin ITPO, 2004 (I'naer 1, 11)
Wroro no pa3geny 1 12
Pa3fen 2. MopeMpoBaH#e H aHAa/IU3 CTaTUYECKUX COCTOSHHH.
Nsyuenne mopyna ANSYS Static 4
Structural. K.-FO. Bare, 3. JI. BuscoH. . UncieHHbIe
HowmarrHee 3agadne Nel. Odopmierne METO/Ibl aHA/IN3a U METO/, KOHEUHBIX 3/IEMEeHTOB: 8
OTYeTa M0 MpaKTUUeCKOMY 3afaHuto Nel. M.: Crpotinzgar, 1982 (I'naea 7)
HW3yuenue moayst Ansys Steady-State B. Il. Tapacuk. . Marematnueckoe 4
Termal. MO/e/IMpOBaHUe TeEXHUUeCKUX CUCTeM: MUHCK:
V3yueHue repesoBoii HayYHO-TeXHUUE CKOM Musaiin TTPO, 2004 (Tnasa 8)
JIATEPaTyphl, MOCBAIIEHHOM UHUCIeHHBIM H. H. ®énoposa, C. A. Bambrep, M. H.
METOZaM MOJie/TMpOBaHHsl POLIECCOB, IManusos. . OcHoBbI paboThl B ANSYS 17: M.: 9
MaTeMaTrueCcKoMy MO/Ie/TMPOBaHHUIO B AMK Tlpecc, 2017 (I'naset 3, 4)
CAE-cucremax.
Wrtoro no pasgeny 2 25
Pa3pen 3. MopenupoBaHue H aHAaIU3 JUHAMHYECKUX MPOLIeCCOB.
N3yuenne mopynsa Ansys Modal. 6
Vsyuenne Mozyns Ansys Rigid Body. B. I1. Tapacuk. . MaremaTudeckoe 6
Momatnee 3afanue Ne 2. Odopmienrie MO/le/IMPOBaH1e TeXHUUeCKUX cucTeM: MUHCK: 6
oT4eTa I10 IIpaKTU4YeCKoMy 3a7aHuto No2. Musaiin ITPO, 2004 (Pa3zen 9)
N3yuenne moayns Ansys Transient Termal. K.-IO. bare, 3. JI. Buncos. . YucnenHsle 5
I/IqueHHe MOZYIA ANSYS Transient MeTO/bI aHa/IM3da U MeTO/, KOHEUHLIX 3/IeMEHTOB:
Structural. M.: Crpotinzgat, 1982 (I'maBel 8-10) 5
Vsyuenue mopyns Ansys Random H. H. ®énoposa, C. A. Bansrep, M. H.
Vibration. Hanunos. . OcHoBbI paboTel B ANSYS 17: M.: 5
N3yuenne mozynst Ansys Harmonic AMK Ilpecc, 2017 (Inaser 3, 4) 5
Response.
Wroro no pasgeny 3 38

1
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Pa3zpen 4. MopenupoBaHue NpoL[eCCOB B MeXaHUKe CIVIOLIHBIX CPef.

N3yuenne mogyns ANSYS Autodyn.

HowmarrHee 3azadve Ne 4. OdbopmieHne

OTueTa I10 TIPaKTUYeCKOMY 3aJaHuto Ned.

N3yuenne mogynss ANSYS LS-DYNA.

HowmartrHee 3azadvie Ne 3. OdbopmieHne

oTyeTa I10 IIpaKTh4YeCcKomMy 3azaHuto Ne3.

N3zyuenue mogysnst ANSYS Fluent.

N3yuenne mopyns ANSYS CFX.

N3yuenne momynst ANSYS Explicit
Dynamics.

B. B. CenuBanog. [IpukiaiHas MexaHHUKa
CIIOHBIX cpef. T. 2 MexaHuKa pa3pyLueHust
nedopmupyemoro Tesa: M.BI'TY "BOEHMEX"
um. 1. ®. Ycrunosa, 1999 (I'naBel 1-7)

A. B. Babkun, B. . Konmnakos, B. H. OxuTuH. .
UucieHHbIe METO/BI B 3a/jauax PU3HUKU
OBICTpOIPOTEKAOIIMX TpoleccoB: M.: 3a-Bo
MI'TY um. H. 3. baymana, 2006 (I'naBs1 1-5)
K. H. Bosnkos, B. H. EMenbsHOB. .
BelunciivtenibHbIe TEXHOJIOTHY B 3a[jauax
MeXaHWKU >KUAKOCTH U rasza: M.: DU3MATIINT,
2012 (I'naBel 1-2)

H. H. ®énopoga, C. A. Banbrep, M. H.
IManusos. . OcHoBbl pabotsl B ANSYS 17: M.:
OMK Tlpecc, 2017 (I'naBsi 4, 5)

K.-FO. Bbarte, 3. JI. BuscoH. . UucneHHble
MeTO/Ibl aHa/I3a U MeTo/l KOHEUHBIX 3/IeMeHTOB:
M.: Crpotiuzgar, 1982 (I'naBbl 3-6)

B. 1. Ko3noB. . OcobeHHOCTH KOHCTPYKLUMA
B3pbIBaTe/IbHBIX YCTPOUCTB K Ooemnpurnacam
CTBOJILHOM apTWI/IEPUU U PAKeTHBIM CHapsiZiam:
M.: U3p-Bo MI'TY um. H. 3. baymana, 2012
(Pa3gesel 1-5)

A. B. babkus, B. B. CemuBaHoB. . OCHOBBI
MeXaHUKHU CIVIOIHBIX cpel: M.: U3a-so MI'TY
um. H. 3. Baymana, 2004 (I'naBs1 1-4)

Urtoro no paspeny 4

54
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IIpunoxenue 3
K paoueii mporpaMme AMCLUILIHHbI
YUCJIEHHBIE METO/bI MOJE/IMNPOBAHNS ITPOLJECCOB

®OH/] OODEHOYHBIX CPEICTB

®oH/[| O1[eHOYHBIX CPe/CTB, MO3BOJISIOIIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUIT/IMHE, BKIFOYAIOT
B ce0s:

e UarHocTuueckas pabora
e /IOMalllHee 3a/laHue;

*  KOJ/UIOKBUYM;

e BOMPOCHI K IK3aMEHY;

e 5K3aMeH.

KpuTtepuu onjeHuBaHus

JuarHocruyeckasi pabora
HOuarnoctryeckasi pabora rpoBoauTcs B ¢popme Tecta B SMOC Moodle:

* IIpW IIPaBUJIBHOM OTBeTe MeHee ueM Ha 60% BOIIPOCOB - He arTecTaLys;
 TIpY NPaBU/ILHOM OTBeTe Ha 60% BOTIPOCOB | Oostee - aTTecTaLusl.

JomaiHee 3aiaHue

IlepeueHs TeM fOMAITHUX 3a/laHUMN:
- aHa/IM3 MPOYHOCTU KOHCTPYKLMU ANY C npy 3a/jaHHBIX BHEIIIHUX BO3/eHCTBUSX;
- aHa/iu3 paboTocrnocobHOCTH KOHCTPYKLMU ANY C 1pu 3a/]JaHHBIX BHEIIIHUX BO3/IeHCTBUSAX;
- pacueT k03¢ dHULIeHTa a3POJUHAMHUUECKOTO COMPOTHB/IEHNST 00BEKTa;

Pertienust JoOMaIItHUX 3a/laHUH TIPEICTAB/ISIOTCS B IeYaTHOM WK pyKorucHoU popme. Kaxkioe 3a/jaHue
coziepxxuT 1 3az1auy. 3alUTa OTYETa MPOXOJUT B JOpMe JIOK/Ia/ia CTY/IeHTa MO BIOTHEHHOH paboTe U OTBETOB
Ha BOTIPOCHI TTPETo/jaBaTeJIs.

OtneHKa KaueCTBa BBITIOJHEHWS JOMAIlIHer paboThI OCYIIeCTB/SIETCs TIPerojaparesieM 10 UeThIpEXOanIbHOM
CHUCTeMe.

OneHKa CHWKaeTCs:

- Ha 0,5 6asisia mpu HeOPEXXHOM BBITIO/THEHUH,

- Ha 0,5 Oasiia TIpyu HU3KOM KaueCTBe TpaduuecKoro Marepraa (pacueTHBIX CXeM, TpahMKOB U TaOJIuIT),
- Ha 2 OaJia Mpu OIMMOKaX B aHAJUTUUECKUX U UMC/IEHHBIX pacueTax.

WToroBas orjeHKa 3a fioMallliHee 3aJjaHue:

- «OTJIMUHO» - TIPH cyMMe 6asios ot 4,5 110 5,

- «XOpOIIIO» - TIPU cyMMe 6asioB oT 4 1o 4,5,

- «YJIOBIETBOPUTEILHO» - TIPU CyMMe 6asijioB He MeHee 3.

ITo pe3ynbraram caun 0OyJaroMcs JOMALIHeTo 3a[jaHusl TperofaBaTesb BbICTAB/IsIeT OLeHKY COTVIaCHO
BbIIIIeyKa3aHHBIM KPUTEPUSIM, TIPHA 3TOM KOHTPOIbLHOE MePOIIPUsITUe CUMTAETCS YCIIeIIHO MPOiIeHHbIM B
CJlydae TIONyYeHUst 00yUaroI[UMCsT OL[eHKU He HIDKe, UeM «Y/[OB/IETBOPUTEIHLHO.

Konnoxksuym

IIpoBoguTcs B ycTHOM dopme. Ha KOJIIIOKBHYM BBIHOCUTCS YacTh Marepuasna AudQepeHIMpoBaHHOTO
3auéTa; OL|eHKa 3a KOJUIOKBUYM yUUThIBAaeTCsl IIPY BBICTAB/IE€HUN OL|EHKU 110 UToraMm AnddepeH1IpOBaHHOIO
3auéTa.

OTBeT OLleHMBAETCSI MIPerofaBaTesieM 10 YeThIPExX0alIbHON CHCTeMe; OLIeHMBAIOTCsI KOPPEKTHOCTD U MOTHOTa
OTBeTa.

O11eHKa BBICTaB/SIETCS COIVIACHO CJIEYIOLUM KPUTEePHsIM:

«OTJIMYHO» - ITyDOKOe yCBOeHHe MaTepualia - IoJIHble, I10C/IejoBaTe/IbHble, TPAMOTHbBIE 1 JIOTHYeCKH
M3/1araeMble OTBETHI TIPH BH/[OM3MeHeHNH BOIPOCa, PaBUIbHO 000CHOBaHHbBIE pellleH!s], BlafieHne
Pa3HOCTOPOHHUMH HaBbIKaMH U [IpUeMaMu;

«XOpOLIIO» - 3HAHHe TIPOrPAMMHOT0 MaTepHasa - FPaMOTHOe U37I0)KeHHe, 0e3 CyIeCTBeHHBIX HETOUHOCTeH B
OTBeTe Ha BOTPOC, NIPaBU/IbHOE TIPUMeHeHNe TeOpeTHUeCKUX 3HaHWH, BlajieHrne HeoOX0JMMBbIMU HaBbIKaMU
TIpY BBITIOJIHEHUM NIPAaKTUYeCKUX 3a/ay;

«y/l0BJIETBOPUTE/ILHO» - YCBOEHHe OCHOBHOIO MaTepuasla - IIpY OTBeTe [J0IyCKarTCsl HeTOUHOCTH,
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He/|0CTaTOYHO I1paBU/IbHbIE (POPMY/IMPOBKY, HapyllieHHe I10C/Ie/[0BaTe/IbHOCTH B U3/I0KEHUH MaTepuara,
3aTpyJHeHus! B BBITIOJITHEHUU TIPaKTUYeCKUX 3a[aHui;

«Hey/|0B/IeTBOPUTE/IbHO» - He3HAHUe MaTepurasa, [Ipy OTBeTe BO3HUKAIOT OLIMOKHY, 3aTPyAHEHUs TIpU
BBITIOJTHEHUM TIPaKTUUYeCKUX paboT.

ITo pe3ynbraTaMm cAauu 00yuaroMcs KOJUIOKBHYMa TIperiofiaBare/ib BbICTAB/ISeT OL[eHKY COIVIaCHO
BBIIIIeYKa3aHHbIM KPUTEPUSM, IIPY 3TOM KOHTPOJILHOE MepONpUATHE CYATAETCS YCIeIHO NPOKeHHBIM B
CJTyJae MomyyeHust 00yUaroIMCs OLJeHKH He HIDKe, yeM "yZIOB/IeTBOPUTE/THHO" .

[TepeueHb BOMPOCOB, BLIHOCUMBIX Ha KOJIJIOKBUYM:

- UMCJIEHHOE MO/Ie/IMPOBaHue Kak 3/IeMeHT KOHCTPYKTOpcKoro aHanu3a ANYC;

- 33/lauM aHa/IM3a CTaTUYeCKUX COCTOsIHUM cucteM. [TocTaHOBKa 3a/1au aHasil3a CTaTUUeCKUX COCTOSTHUN
CUCTeM;

- IpsSIMble UMCJIeHHbIE MEeTO/bI pellleHrs] CUCTeM JIMHeHHbIX YpaBHeHU;

- UTepaljMOHHbIe UKC/IeHHbIe METO/IbI pellleHUs CUCTeM JIMHeMHbIX ypaBHeHUl;

- UKC/IeHHbIe MeTO/bI pellieHUs] CUCTeM HeJTMHeMHbIX ypaBHeHuUl;

- pellieHe CUCTeM ypaBHEHUH C JIEeHTOUHBIMU MaTpHULjaMH;

- @aHa/IU3 CTaTUUYeCKUX COCTOSHUM MHelHbIXx ANYC;

- QHa/IM3 CTAaTUYeCKUX COCTOSTHUI HeMnHelHbIXx ANYC;

- 3a/jauM aHa/IM3a AMHamMuyeckux rponeccoB ANYC;

- sIBHbIe UKMC/IeHHbIE METOABI peleHus qudhepeHIiaIbHbIX YPaBHEHWH;

- HesIBHbIE UMC/IEHHbIe MeTO/bI pellieHus AuddepeHLIMaTbHBIX YpaBHeHUH;

- TIOTPeIITHOCTU YMC/IEHHBIX METOZIOB MHTETPHPOBaHUS;

- YCTOMUMBOCTb YMC/IEHHBIX METOJJOB WHTEr PUPOBaHMUS;

- aHa/IN3 JMHaMuyeCcKuXx rporeccoB ANYC;

- MeTO/] KOHEUHbIX 3/IeMEeHTOB;

- MeTO/], KOHTPOJIbHBIX 00HLEMOB;

- MeTO/l KOHeUHbIX pa3HOCTel;

- MeTOo/] CTIeKTPaJIbHBIX 3JIEMEHTOB;

- MeTOo/Ibl POBe/leHNsT TMHeHoro aHam3za ANYC;

- MeTOo/Ibl POBe/IeHNsT HeTMHeHOro aHamm3a ANYC;

- METOZbI IPOBeJeHrsI MOAaIbHOro aHanmsa ANYC;

- MeTO/Ibl MPOBe/IeHNs CTalJMOHApHOTO Y HeCTallMOHAPHOIO TerioBoro aHanusa AUYC;

- METOZBI MO/Ie/TUPOBAHUS HeJTMHEHHBIX OBICTPOIPOTEKAIOIINX MPOLIECCOB y/iapa U B3phIBa;
- MeTO/Ibl MO/IeJTUPOBAHUS CTal[MOHAPHBIX U HeCTALIMOHAPHLIX MPOLIeCCOB BLIUMCTUTE/TLHOM
rugporasoauHamMuku AUYC.

Bonpocsl K 3k3aMeHy
1. YUncneHHOe MoJe/TMpOBaHMe Kak 3/IeMeHT KOHCTPYKTOpcKoro aHanu3a ANYC.
2. BerunciurenbHbIN 3KCTiepyrMeHT. [11aHrpoBaHye BEIUMCIUTE/ILHOTO SKCIIepUMeHTa.
3. AZIeKBaTHOCTb BBLIUMC/IUTE/ILHOTO 3KcIiepuMenTa. Kpurepuit ®duriiepa.
4. UucieHHbIe METO/bI PELLeHHSI CUCTEM JIMHEHHBIX YpaBHEHUM.
6. Hnc/ieHHbIe METOABI PeLleHUs] CUCTEM HeJTMHeMHbIX YPaBHEHUM.
7. MeTozbl pellieHUsi CUCTeM ypaBHeHHWH C JIeHTOYHbIMA MaTpULiaMHu.
8. MeTogp! peliieHus airedOpanyeckux mpo0sieM cCOOCTBEHHBIX 3HAUEHUM.
9. AHanu3 cTaThueCKUX COCTOsTHUM TnHelHbIx AUYC.
10. AHanmM3 cTaTuuecKUx COCTOSTHUN HenmHelHbIx AUYC.
11. SIBHBIE UKCIeHHBIe MeTO/bI pelliens AuddepeHIIaTbHBIX YPaBHEHHH.
12. HesiBHbBle UnC/IeHHBIE METO/BI peltieHus AuddepeHIualbHBIX YPaBHEHUH.
13. YcTOMUYMBOCTb UMC/IEHHBIX METO/JJ0B UHTEeIPUPOBAHUSI.
14. BapuaijioHHble METO/BL.
15. Ananu3 guHaMuueckux npoueccoB AUYC.
16. MeToabl onyvcaHusl JUHAMUKH CII/IOLIHBIX CPef,.
17. MeTon, KOHEUHBIX 37IEMEHTOB.
18. MeToz KOHTPOIBEHOTO 00BEMa.
19. MeToz, KOHEUHBIX Pa3HOCTeM.
20. MeTo[, crieKTpaJIbHBIX 3/IEMEHTOB.
21. MeTo[, AVUCKDPETHBIX 3/IEMEHTOB.
22. MeTo/ TpaHUUHBIX 3/IEMEHTOB.
23. MeTo/ ruipOJUHAMUKU CIJIa’)KEHHBIX YaCTHL].
24. MeTto[, B3BeLIIeHHbIX HEeBSI30K.
25. Mertog 67104HO# WTepaLyy MOAIPOCTPaHCTB.
26. MeTto[, cynieprio3uLuu MoJ,.
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

JIuHelHbIM TPOYHOCTHOU aHamu3 ANYC.

HenvHeiHbIi npouHocTHOM aHam3 ANYC.

JwuHaMyyeckuii mpoyHocTHOM aHanu3 ANYC.

Ananu3 ycroituuBoctu AUUYC.

MoganbHblii aHamu3z ANYC.

I'apmonnueckuii anam3z AUYC.

Awnanu3 cnyvatineix Bubparmii ALY C.

CriektpanbHbli aHamm3 ANTYC.

Kunemarnyueckuii ananis ANUYC.

CrauuoHapHbIi TeryioBoit anam3 ANYC.

HecratmionapHheiii TeroBoit aHaniz AUYC.

MopgenvipoBaHye HeJTMHENHBIX ObICTPOIPOTEKAIOIMX ITPOLIECCOB.
MogemMpoBaHUe CTalMOHAPHBIX 3a/iau BbIUMC/IUTEIbHON THAPOra30juHaMHUKH.
MogenmpoBaHye HeCTallMOHAPHBIX 3a/jad BEIUMC/IUTE/IBHOMN FHPOra30HaMUKU.

JK3aMeH
Bompockl K 3k3aMeHy 0hopMIISIIOTCS B BUie Oueta. BueT BKtouaeT B ce0s /IBa TeOPETHYECKUX

BOITpOCa U MpakKTUYeCKoe 3aJaHue.

O1jeHKa BBICTaB/SETCS COIVIACHO CJIeYIOLUM KPUTEePHsM:

«OTJIMYHO» - ITyDOKOe yCBOeHHe MaTepualia - Io/Hble, I10C/Ie[joBaTe/IbHble, TPAMOTHbIE 1 JIOTHYeCKH
M3/1araeMble OTBEThI TIPU BH/|0M3MeHeHHH BOMPOCa, PaBUIbHO 000CHOBaHHbBIE pellleHHs], BlafieHue
Pa3HOCTOPOHHUMH HaBbIKaMU U [IpUeMaMu;

«XOpOLIO» - 3HAHHMe TIPOrPaAMMHOTO MaTepuasa - FPaMOTHOe U37I0)KeHHe, 0e3 CyIljeCTBeHHBIX HETOUHOCTeH B
OTBeTe Ha BOTPOC, NTPaBIIbHOE TIPUMeHEeHre TeOpeTHUeCKUX 3HaHWH, BlajieHrne HeoOX0JMMbIMU HaBbIKaMU

TIPY BBITIONIHEHWH MPAKTUUeCKUX 3a/1au;

«YZIOBJIETBOPUTELHO» - YCBOEHHE OCHOBHOTO MaTepuasa - Tpy OTBeTe JJOMYCKAtoTCsl HeTOUHOCTH,
HeJ/l0CTaTOYHO I1paBU/IbHbIE (POPMY/IMPOBKY, HapyllleHHe [10C/1e/l0BaTe/IbHOCTH B

W3/10)KeHUU MaTepuasa, 3aTpyAHEeH!s B BBIIIOJIHEHUH [TPaKTUUeCKUX 3a/jaHu;
«HEeY/|0BIIeTBOPHUTE/IBHO» - He3HaHUe MaTepurasia, TIpH OTBeTe BO3HUKAIOT OIMOKH, 3aTPYAHEHHUS 1Py
BBITIOTHEHUH TIPAKTUUECKHUX PaboT.

[TepeueHb BOMPOCOB K 9K3aMeHy NPUBe/ieH B Marepraax yuyeOHO-MeTouueCKOro KOMILIeKca.
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[MacriopT doH/1a OLIEHOUHBIX CPeJICTB

KYPC

CEMECTP

HaumeHoBaHMe pa3/ie/ioB U
JUJAKTHUECKUX eJUHHILY

BCEI'O

AyauTopHbIe
3aHATHA B
KOHTAKTHOM

tdopme

BCEI'O
Jlekipuu
IIpakTHueckue

3aHATHUA

CamocToaTe/1bHasa
paboTa CTyeHTOB

dopmupyemas
KoMmeTeHusA, %

I1CK-4.1

HANMMEHOBAHUE
OLIEHOYHOI'O CPEJJCTBA

Pa3pen 1. BBepenue.

17

—_
D

KonnokBuywm,
HomaiHee
3a/jaHue

Pa3zgen 2. MopgenupoBaHue U aHa/IN3
CTaTHYeCKHX COCTOAHMH.

33

25

22

Homaimnee
3ajiaHue,
KosnokBuym

Pa3zgen 3. MopgenupoBaHue U aHa/IN3
AUHAMHUYECKHX TPOIIeCCOB.

50

12 8 4

38

22

Homaimnee
3ajlaHue,
KosnokBuym

Pa3pen 4. MopenupoBaHue
NPOLIeCCOB B MeXaHHKe CIVIOIIHBIX

cpen.

80

26 | 16 10

54

40

Bonpocs! K

3K3aMeHy,

HomaiHee
3a/jaHve

Bcero 3a 9 cemectp

180

51 | 34 17

129

100

Bcero no gucuuIinHe

180

51 | 34 17

129

100

17

21945




Kputepuu oneHuBaHus

IICK-4.1

Ne 1

Ne 2

Ne 3

Ne 5

Ne 6

Bonpocbl omkpbimoz20 muna:
MeTop poCTOl UTepaliuu OT/IMYaeTcs oT Metoza I'aycca-3elifiensi TeM, uTo:

a) ToTyueHHOoe MPpUO/KeHHe [1Jisl OTHOTO HEM3BeCTHOTO X 1 UCIMO/b3yeTCsl PYU pacueTe
3TOTO >Ke MPUOIVDKeHHUsT /IS X2;

0) Marpuiia KO3hOUIMEHTOB CBOJUTCS K TPEYTO/IbHOM;
B) HET 00OpaTHOTO X0/1a;

') MaTpuiia KO3 GUIMeHTOB CTaHOBUTCS BHIPOXKIEHHOIA.
MeTo/; KOHEUHBIX 3/IEMEHTOB OTHOCHTCSI:

a) K aHa/IMTUUeCKUM MeTO[aM pelleHus cucteM AuddepeHIManbHBIX ypaBHEHUH B
YaCTHBIX POU3BOJAHBIX;

0) K aHaMTHYeCKUM MeTOZ|aM PellieHus] CCTeM JIMHEHHBIX ajrebpanuecKrx
YpaBHEHUI;

B) K UMC/IEHHBIM MeTO/]aM peliieHus cucteM AuddepeHIaTbHBIX YPaBHEHHH B YaCTHBIX
TIPOU3BO/IHBIX;

1") K UMC/IEHHBIM MeTO[aM pelleHns CUCTeEM HeJIMHEeHHbBIX a]'[l"66paI/I‘—IE‘CKI/IX ypaBHEHHﬁ.

K sBHBIM uMC/IEeHHBIM METO[aM pelleHUs CUCTeEM 0OBLIKHOBEHHEIX IL[I/I(:l)CbEPEHI_[I/I":IJIbeIX
ypaBHEHI/Iﬁ MO>XHO OTHEeCTH:

a) MeTOZ, TIPOTHO3a U KOPPEeKLINY;
0) metog SIKoOw;
B) MeTo/, PyHre-KyTTa;

r) metoz, bybHoBa-T"anepkuHa.
K BaprarjioHHEIM METO/jJaM MOYKHO OTHECTH C/Ie[[yIOLUI MeTOZ;:

a) metos Panes-Puriia;

0) metop PyHre-KyTTa;

B) Meto[, SIKoOu;

r) MeTof, Kpamepa.

Kputepuii yCcTOMUMBOCTH SIBHOTO UMC/IEHHOTO pellieHust fuddepeHanbHbIX
ypaBHEHUM B YaCTHBIX [MPOW3BOJHBIX:

a) Kypanra-®pugpuxca-JleBy;

0) Duitepa;

B) KoxpeHa;

r) [I>xoHcoHa-Kyka.
Lesp ananusa:

a) MOJIyuuTh MHGOPMALIMIO 0 XapakTepe (PyHKIIMOHUPOBAHMSI 00beKTa MPOEKTUPOBAHMUS;
0) BEIOpATh UM PACCUNTATh 3HAUEHUS OT/E/IbHBIX apaMeTPOB MPOEeKTa;
B) OTIpe/Ie/IUTh MHOKECTBO BO3MOKHBIX TIPOEKTHBIX PellleHui;

r) pa3paboTaTh TeXHUUECKOe 3ajlaHre Ha IPOEeKTHPOBaHUe.

18



Ne 8

Ne 9

Ne 10

Ne 11

Ne 12

Ne 13

3ajaua mapaMeTpUYecKoOro CUHTe3a:

a) MOJTyuuTh MHGOPMALIMIO 0 XapakTepe (pyHKIIMOHUPOBAHHsI 00beKTa MPOEKTUPOBaHMUS;
0) BHIOpATh UM PaCCUUTATh 3HAUEHUS OT/E/bHBIX 1apaMeTPOB MPOEeKTa;

B) OIpe/ieJIUTb MHOXKECTBO TIPOEKTHBIX pellleHu;

r) pa3paboTaTh TeXHUUECKOe 3aflaHHe Ha TPOEeKTHPOBaHUe.

K HesIBHBIM UMC/IEHHBIM MeTO/IaM peLleHus] CUCTeM OOBIKHOBEHHBIX
IuddepeHIMaTbHBIX ypaBHEHU MOXKHO OTHECTH:

a) MeTOZ, IIPOrHO3a U KOPPeKLInY;
0) metop 3eiinens;
B) MeTo/, PyHre-KytTa;

r) Metof PuTia.
Kaxkyto Mo/ieib IPOYHOCTH U3 TIePeUUC/IeHHBIX 11e/1ec000pa3Ho UCTOb30BaTh IS
aHaJTM3a BLICOKOCKOPOCTHOT'O Pa3pyIleHust 06 TOHHON KOHCTPYKIHH:

a) /IxoHcoHa-Kyka;
0) Xy-Bammuity;
B) Pupens-Xapmaiiepa-Toma;

r) Creitnbepra-I'ynHaHa.
Kakyto Moziesib IPOYHOCTH U3 TEePeUrCIeHHBIX 1]e/1ec000pa3HO KCI0/b30BaTh /IS
OIMCaHMUsI TIOBE/IEHUS] TPYHTOB U TOPHBIX MOPO;:

a) pykepa-Ilparepa;
0) TT2XKMHbI;
B) /)koHcoHa-Kyka;

r) [I>xoHa- YunkuHca-JIn.
YpaBHeHue COCTOSIHUS, YCTaHAB/IMBAOLee 3aBUCUMOCTb MEX/Y AaBleHHeM, MOJISIPHBIM
06BbeMoOM U abCOMIOTHO TeMIepaTypoii ueanbHOro rasa:

a) MenpgeneeBa-KianeipoHa;
0) Haxmy;
B) TUN/I0TCOHa;

r) Mu-I'proHatizeHa.
Jluneitabie koHTakThl B CAE ANSYS Mechanical, paccurTsiBaemMblie 3a 0HY UTEPALIUIO:

a) Rough;
0) Frictionless;
B) No separation;

r) Bonded.
Henunetinbie konTakTel B CAE ANSY'S Mechanical, TpeGytoriue ucnonb30BaHus
metoga Hetorona-PadcoHa v 60s1b110T0 Umca UTepawuii:

a) Rough;
0) Frictionless;

B) No separation;
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Ne 14

Ne 1l

Ne 2

Ne 3
No 4
Ne 5

Ne 6

r) Bonded.
K MeTozaM onvicaHust IMHAMUKHU CIJIOIIHON CPeJibl MO’KHO OTHECTH:

a) metof Jlarpanxa;
6) meton Pynre-KyTTa;
B) MeTo7 Dilsiepa;

T') METO/] TUAPOJUHAMUKHU CT/IAXKEHHBIX UaCTHII,

Bonpocbl 3akpbimozo muna:

CraTUCTUUeCKUH MeTO/| aHa/In3a pe3y/ibTaToB HAab/IOIeHUM, 3aBUCSIIAX OT Pa3IMUHbIX
OJTHOBPEMEHHO JIeUCTBYIONMX (haKTOPOB, OCHOBAHHBINA Ha CPABHEHUU OI[eHOK
[TUCTIEPCUI COOTBETCTBYIOIIUX TPYIIT BHIOOPOUHBIX JJAHHBIX:

B mMeTozie ruApoquHAMUKY CTyIaXKeHHBIX yacTull SPH BecoBasi hyHKIUS 3a[aHHOTO
BU/Ia, TIO3BOJISIIONAsi CTPOUTh HETIPephIBHbIE PACIIPe/e/IeHUs TapAMeTPOB CIIOLITHON
Cpefibl TI0 IMCKPETHOMY MHOXKECTBY YC/IOBHBIX UaCTHI;:

HawuxypiieMy KaueCTBY OpPTOrOHA/IbHOCTH siU€eK CETOK COOTBETCTBYET 3HAUeHUe:
MuHMMATBHOM HEBSI3KOM 110 METO/Y B3BEIIeHHBIX HEBSI30K CUMTAETCS HeBsI3Ka, KOTopast:
YpaBHeHue, CBSI3bIBAKOIIEe MeXKAy OO0l TepMOZIMHAMUYeCKKe TTapaMeTphbl CUCTEMBI,
TaKue KaK TeMIieparypa, JaB/ieHre, 00beM U MacCoBasi CKOPOCTh, a TAKXKe UX
TIpUpaILeHUs:

CucreMa, B 0011[eM C/Tydyae COCTOSIIAst U3 TEXHUUECKUX CPe/ICTB, IPOrPaMMHOTO,
METOUUYECKOTO U OPraHU3alliOHHOT0 00ecIieueHus ¥ KBaTU(HUIIMPOBaHHOTO TEPCOHAIIA,
TIpe/iHa3HaueHHas [I/Isl IPOBEe/IEHUS TIOIMTOHHBIX UCTIBITAaHUH KaK pe3y/ibTaTa
HCCJIeI0BaHKsI CBOMCTB 1IU(PpOBOI Mozenu (Win [udpoBoOro JBoHHNKa) 00bEKTa
WCIIbITaHUM:

HeMOHOTOHHOCTS peliieHNsI B MeTO/le TUAPOAMHAMUKY CI/Ia)KeHHbBIX YaCTHI]
CTIa)KUBAETCS TIyTEM BBeJIeHUS:

B ocHOBe MeTo/Ia IEXXUT Pa3/ioXKeHUe HeW3BeCTHOTO PEeIIeH s TI0 COOCTBEHHBIM MO/IaM
Y TIepexof K Mo/JaIbHbIM KOODPZMHATaM:

MeTto, peliieHHs] KpaeBOM 3aJjauu, B KOTOPOM 6J1aro/japsi HCIoJ/Ib30BaHMIO (PYHKIIHH
I'pyHa, OHa CBOAUTCS K MHTETPAIbHOMY YPaBHEHHUIO Ha FPAaHUIIE pacyeTHON 001acTh:
MeToz, COCTOUT B CUHXPOHHBIX MTEpalisix COOCTBEHHOTO BEKTOPA B MOATIPOCTPAHCTRE
3a/JaHHOTO M3MepPeHHsI:

20



