MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO
Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET

dopma

@ — Paboyast mporpaMma AUCIUTUTAHBI

YTEBEPAIEHO

EQTa fl}ﬂ_[ﬂ\."ﬁ[hl'ﬂ'[a MATSMATHEH,
092 e

HHEIX 1 ARHAIHOHHEIX TEXHOIOTHH
-l o
024 r. mpotoron Ne_ 5/24

! MLA. Boagos
w2ly vag 2024 T

PABOYAA INPOT'PAMMA JUCIHUITI/INHbBI

HuciurivHa IIpodeccuonanbHbIi 3J1eKTHB. BBeleHNe B MHKeHePHbI aHAJIu3
MeXaHH4YeCKHX KOHCTPYKIU

dakynbreT dakysnbTeT MaTEMaTUKH, UH(GOPMALIMOHHBIX U aBUAITMOHHBIX TEXHOJIOTHIA

Kadenpa Kadenpa maremarnyeckoro MoJeMpoBaHUs TEXHUYECKUX CUCTEM

Kypc 3 - ounHas hopma oOyUeHUS

Hanpagnenue (crienuansHocts): 24.03.04 ABuacrpoeHue
HanpaBnennocts (mpodub/crienvanu3zanus): MoaennpoBaH1e W UCCIeJOBAaHWE ONepalliid B

OPraHU3alMOHHO-TEXHUYECKUX CUCTEMAX
dopma 0OyueHus: ouHas

Hata BBeeHus B yueOHbIi pouecc Yal'V: 01.09.2024 r.

[Tporpamma akTyaJiu3upoBaHa Ha 3acelaHuM Kadeapbl: IpOTOKOI No oT 20__r.
[Tporpamma akTyanu3MpoBaHa Ha 3acedaHuu Kadeapbl: MPOTOKOJ No oT 20
[Tporpamma akTyaJiu3upoBaHa Ha 3acelaHuu Kadeapbl: IpOTOKOI No oT 20

Ceepenust 0 pa3pabOTUMKAX:

P10 KA®DEJIPA

)IOJ'DKHOCTL, y4eHas CT€lEHb, 3BaHUE

KonpnparseBa Anna CepreeBHa

Kagenpa maremaruyeckoro
MOJEIMPOBAHMSI TEXHUIECKUX CUCTEM

Crapiumii mpernoaaBares,

1/13



sannikov


MUHHCTEPCTBO HAYKH M BBICIIEro oOpa3oBaHusi PO dopma
Y IIbSIHOBCKHI IOCYJapCTBEHHbIN YHUBEPCUTET
@ — Paboyast mporpaMma AUCIUTUTAHBI

1. HEJIN 1 3AJAYN OCBOEHUA INCIUAITIINHBI

Mean ocBOEHUA AUCIATIINHBI:

dopMupoBaHUE y CTYJEHTOB MPAKTUYECKUX HABHIKOB MPUMEHEHHS COBPEMEHHBIX MPOrPAMMHBIX
cpenctB umxenepHoro aHanmsa (CAE) Ha npumepe ANSYS Workbench nns pemenns TumoBsix 3agad
MeXaHuKU AepOpMUPYEMOro TBepAOro Tea.

3aaaun ocBOEHHS JMCIUILINHDI:

¢ OcBouTb OCHOBHbIe TPUHIUIHL padoThl B cpefie ANSYS Workbench: co3nanue npoekra, pabota ¢
reoMeTpueil, Ha3HauyeHWe MaTepuasoB, CO3[AAHUME CETKHM KOHEYHBIX 9JJIEMEHTOB, 3aJlaHue
IPaHUYHBIX YCIOBUI U HATPY30K, 3aMyCK pacuera, BU3yaau3allysl U aHAIU3 pe3ybTaToB.

¢ /I3yunTh OCHOBHBIE TUTIBI aHAM3a, 1ocTyrmHbie B ANSYS Workbench: cratnyeckuii, MOoJaIbHbIN,
TEIIOBOA.

¢ [lonyuynuTh NpPAaKTUYECKHE HABBIKM pELIEHUs THUIOBBIX 3a/a4 MEXaHUKU AedOpMUPYEMOro
TBEpIoro Teaa ¢ nomompio ANSYS Workbench

2. MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII

HuciumimHa  «IIpodeccoHanbHblil 371€KTUB. BBejeHWe B MHKEHEPHbId aHAJIU3 MEXaHUYECKUX
KOHCTPYKIIMI» OTHOCUTCA K 4uciay auciuiuimH Onoka B1.B.1, mpegHasHaueHHOro ajisi CTY/IEHTOB,
oOyuaronuxcs no HanpasieHuo: 24.03.04 ApuacTpoeHue.

B npouecce nzyuenusa gucuuruimibl popmupyorcsa komnerenimu: 11K-8, T1K-9.

OCHOBHBIE TOJIOKEHUS] JUCLIMIUIMHBI UCIIOJBb3YIOTCS B AAJbHEUIIEM NIPU U3YUYEHUU TAKUX JUCLUILIMH
kak: [IpoeccroHanbHblil 31€KTUB. IHXKEHEepHbI aHAJIM3 CBOICTB CAMOJIETHBIX KOHCTPYKIIMI B YCJIOBUSX
mupoBOro  Mpou3BOACTBA, Hay4wHo-uccrienoBaTenbckas padora, TexHosormdeckass —(IPOEKTHO-
TEXHOJIOTMYecKas) TMpakTuka, IloarotoBka K cpaye W claya TOCYJApPCTBEHHOTO  9K3aMEHa,
[IpopeccuonanbHbIi 2J€KTUB. MaTemMaTnyeckoe MOJEIMPOBAHIE MEXaHUYECKUX KOHCTPYKLMIA.

3. IEPEYEHD IIVTAHUPYEMBIX PE3VJIbTATOB OBYUYEHUA 110 JTUCHUILJIMHE,
COOTHECEHHBIX C IIJTAHUPYEMBIMH PE3YJIBTATAMH OCBOEHUA OCHOBHOM
IMPO®ECCHUOHAJIBHON OBPA3OBATEJILHOW ITPOT'PAMMABI

Koja u HanMeHOBaHNe peajn3yeMoil KOMIeTeHIUN IlepeyeHpb MUIAHAPYEMBIX Pe3yJIbTATOB 00yJYeHHsI O
JucouniInHe (MoIyJi0), COOTHECEHHBIX €
HHANKATOPaMH J0CTHKEeHUsI KOMIIETeHIHil

ITK-9 Crioco6eH npuMeHsITh METOAMKY PacueTa JIETATeIbHOTO 3HaTh:

arnmnapara Ha IpOYHOCTb BosmoxHoct  mporpammHoro  komruiekca — ANSYS
Workbench ajis1 petiienusi 3a1a4 npo4HOCTH. THITBI KOHEYHBIX
3JIEMEHTOB, IPUMEHSIEMBIX I MOAEIUPOBAHMUS JIEMEHTOB
JieTaTeJbHBIX amnnaparoB. MeTonpl 3alaHusl Harpy3ok M
rpannunbix ycnoBuid B ANSYS Workbench. Crnoco0st
aHaJM3a pe3yJbTaTOB pacueToB Ha mpouHocTh B ANSYS
Workbench.
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Ko n HaumMeHOBaHNeE peann3yeMol KOMIIETEHIHH

IlepeyeHb MUIAHHPYEMBIX Pe3yJbTATOB 00yUYeHHsI MO
JucouIInHe (MOIyJII0), COOTHECEHHBIX C
HMHANKATOPaMH J0CTHKEHUsI KOMIIETeH I

YMeThb:

Co3zaBaTh reOMETPUYECKUE MOJIEITN IEMEHTOB JIETATEIbHBIX
anmapatoB B ANSYS Workbench. Crpouth KoHEuHO-
3JIEMEHTHBIE MOJIENIM C YUYETOM OCOOEHHOCTEN KOHCTPYKIIMH.
3agaBaTh paHUYHbIE YCIOBUS M HAPY3KU, COOTBETCTBYIOILIIE
peaIbHBIM YCIOBUSIM SKCIUTyaTauuu. IIpoBoauTs pacyeTsl Ha
[IPOYHOCTb U aHAJIU3UPOBATh I10JIyYECHHBIE PE3YJIbTAThL.
BJIAJETh:

HaBblkamMu  IIpakTH4YecKOro  ucrnosb3oBaHusi  ANSYS
Workbench nis pemenus 3azady IPOYHOCTU 3JIEMEHTOB
JIeTaTeJIbHBIX allapaToB.

IIK-8 CniocobeH MNpoBOOUTh pacueThl IO OIpPeIeICHUI0
HArpy30K Ha arperaTsl JIeTaTeJIbHOTO alnapara B IOJETHBIX U
Ha3eMHBIX CIIydasix

3HATh:

Bosmoxnoctn ANSYS Workbench mis MonenupoBaHust
HArpy30K Ha JIeTaTe/IbHBII anmapar.

yMeTb:

IMpumensats ANSYS Workbench pyis mMonenupoBaHust
HArpy30K Ha JIeTaTe/IbHBII anmnapar.

BJAJETh:
HaBblkamMu ~ IpakTHYECKOTrO ANSYS
Workbench pns  omnpeneneHus Harpy30K Ha arperartbl
JIETaTeJILHOTO arapara.

HUCIIOJIb30BaHUA

4. OBIIAA TPYTJOEMKOCTDb JUCHUIIJINMHDbI

4.1. O06beM aUCHUILINHLI B 3aUeTHBIX equHniax (scero): 3 3ET

4.2. O6'beM JUCIHUILUIMHBI 10 BHAaM y4eOHo# padoTsl (B yacax): 108 yacos

dopma 00yyeHust: ouHas

Buj yae6H01 pa6oThI

KommuecTBo yacoB (hopma 00yueHnss 09Hast)

Bcero mo miiany B T.4. mo cemecTpam

6

1 2 3

KonTtakTHas paboTta 00yJarnmxcs ¢ 54 54

npernogaBaresieM B cooTBeTcTBuu ¢ Y11

AyYJUTOpHBIE 3aHATUSL: 54 54

Jlexuun - B

CeMuHaphI U MTPAKTUYUECKUE 3aHSATUS 18 18

JlabopaTopHbie padOThI, IPAKTHKYMBI 36 36

CamocrosTenbHas paboTa 54 54

dopma TekyIero KOHTPOJIs 3HAHUH U TectupoBanue TectupoBanue

KOHTPOJISI CAMOCTOSITENIbHON padoThI:

TecTUpOBaHKe, KOHTp. padoTa,

KOJUIOKBUYM, pedepar u ap. (He MeHee

2 BUJOB)
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Buj yue6HO pa6oThI

KommuecTBo yacoB (hopma 00yueHns ouHast)

Bcero nmo niany

B T.4. mo cemecTpam

6
1 2 3
Kypcosast pabota - -
Bujtbl poMexXyTOYHOH aTTecTalyu - -
(3K3aMeH, 3a4eT)
Bcero yacos 1o gUCHUIIINHE 108 108

4.3. Coaep:kanue qUCHUIUIMHLL Pacnpenesienne yacoB o TeMaM M BHaM y4eOHOM padoThI

dopma 0OyuyeHus: ouHas

HazBanue Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3feJioB TeKYIero
e AyauTopHbIe 3aHATHS 3aHATUA B Camocrosn KOHTpOUIsI
HHTEPAKTH | TeJbHas o
JIekuumn IMpakTuue JIa6oparto BHOG paGora SHaHUH
CKHe pHbIE dbopme
3aHSATHS, paodoThL, II
ceMUHAaphI PaKTHKYM
bI
1 2 3 4 5 6 7 8
Paznen 1. OcHOBBI HH:KEHEPHOTO aHAJIN3A
Tema 1.1. 12 0 2 4 0 6 Tectuposa
Beegenue B HUE
ANSYS
Workbench
Tema 1.2. 16 0 4 4 0 8 Tecruposa
Coznanue HUe
reoOMeTpHUU
U CETOK
KOHEYHBIX
3JIEMEHTOB
Tema 1.3. 20 0 4 6 0 10 Tecrupopa
Hanoxenue HUe
I'PaHUYHbIX
YCJIOBUII U
Harpy3ok
Tema 1.4. 20 0 4 6 0 10 Tectuposa
Anamm3 HUE
Ppe3yJIbTaToB
MOJEJIMPOBa
HUS
Tema 1.5. 11 40 0 4 16 0 20 Tecruposa
PaAKTUYECKH HUE
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HazBanne Bcero Bujabl yueOHbIX 3aHATHI dopma
pa3enoB TeKyIIero
e AyauTopHBIE 3aHATHS 3aHATUSA B Camocrosn KOHTPOJIsI
Jlexuun Ipaktnue | JlaGoparo ::z;lpaKTu ;Zgl:;zﬂ SHaHHH
cKHe pHbIE dbopme
3aHSATHA, paodoThl, II

ceMHHapBbI PaKTHKYM
bl

1 2 3 4 5 6 7 8

€ IpUMephbl
HHKEHEPHO
IO aHaIM3a

Hroro 108 0 18 36 0 54
IO JJIEKHUT
H3Yy4eHHIO

5. COAEPKAHUE NNCHUILJINHBI
Pa3znen 1. OCHOBBI HH;KEHEPHOT'0 aHAJIN3A

Tema 1.1. BBeaenne B ANSYS Workbench

Wnrtepdeiic nporpaMmbl, Ha3HAYEHUE OCHOBHBIX OKOH, MEHIO, MHCTPYMEHTaJbHBIX MaHeseil. O030p
TUNOB aHaym3a, JocTynHbiXx B ANSYS Workbench: crarnueckuii, MoiabHbIH, TETJIOBOM, AMHAMUYECKHUN.
OcHoBHble 3tambl padotel B ANSYS Workbench: cozmanme mpoekra, pre-processing, solution, post-
processing.

Tema 1.2. Co31anue reoMeTpUM U CETOK KOHEYHBIX JJIEMEHTOB

00630p cnioco6oB coznanus reomerpudeckux mojesneid B ANSYS Workbench: ummnopr uz CAD-cucrem,
UCIIOJIb30BaHUE BCTPOEHHOIO TeOMETPHUECKOro penaktopa. OOCyk/eHHe TUIOB KOHEYHBIX JIEMEHTOB,
noctynabix B ANSYS Workbench: crepxHeBble, IIacTUHUATHIE, OObEMHBIE, UX OCOOEHHOCTH U O0JIACTH
npumenenusi. (O030p METOJOB CO3JIaHUSI CETOK KOHEYHBIX 3JIEMEHTOB: CTPYKTYypHpPOBaHHBIE,
HECTPYKTYpUpPOBaHHbIE, ajanTuBHbie. OOCYyK/ICHUE ApaMeTPOB CETKM KOHEUHBIX 3JIEMEHTOB: TUIOTHOCTD,
THIT 3JIeMEHTa, METOJIbl KOHTPOJIS KauecTBa. [IpakTiueckue MpruMephl: CO3/IaHUE TeOMETPUN U CETKH ISt
MPOCTOro 0ObeKTa (0asika, IIacThHA).

Tema 1.3. HasokeHne rpaHM4YHbIX YCJOBHI U HATPY30K

OO030p THUIOB TpaHWYHBIX YCJIOBUH: 3aKpeIuieHWsi, IepeMmelleHus, Harpy3ku. CrocoObl 3amaHus
HArpy30K: COCpPEJOTOYEHHBIE CWJIBl, paclpeleieHHble Harpy3K, TpaBUTALIMOHHBIE HArpys3KH,
TeMIiepaTypHbie Harpy3ku. OOcyk[eHHue NMPaBUIBHOCTH 33aHUsl TPAHUYHBIX YCJIOBUI M HArpy30K IUIst
NOJTy4YeHUs] JOCTOBEPHBIX pe3yibTaToB. [IpakTWdeckue mpuMepsl: 3aJlaHMe TPaHWYHBIX YCIOBUH U
Harpy3o0K Uit OaJIKu Ha JIBYX OIOpax, IJIACTHHBI C OTBEPCTHUEM.

Tema 1.4. AHam3 pe3yabTaTOB MO/1€JMPOBaHNUS

O630p wmHCTpyMeHTOB post-processing B ANSYS Workbench: mpocmorp nedopmupoBaHHOTO
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COCTOSIHMSI, TIOCTpOEHHME TpaHKOB, CO3/aHWE OTYETOB. AHAIW3 HaNPsKEHHO-/1e(DOPMUPOBAHHOTO
COCTOSIHUSI: OTpe/ie/ieHre MaKCUMAJIbHBIX HAIPsKeHUH, MPOBepKa Ha MPOYHOCTh, OLIeHKa JehOpMaIiuil.
WHTtepriperaniisi TOJTYyYEHHBIX —PE3yJIbTATOB, OIEHKA JIOCTOBEPHOCTH, BBIBOJABI IO pe3yjbTaram
MojenupoBanus. [lpakTuueckue NpUMeEpH: aHAJIN3 pPe3yJbTaTOB pacuyeTa OajKu Ha MPOYHOCTS,
orpeJe/icHie MaKCUMAaJIbHBIX HANpsDKeHWH B TUIACTHHE ¢ oTBepcTHeM. Bompockr:: Kak ompenenutsb
MaKCUMaJIbHOE HarpsikeHue B KOHCTpykimu? Kak mpoBepuTh KOHCTPYKIMIO Ha TpodHOCTh? Kakwue
KPUTEPHUU WCIIOJIB3YIOTCS ISl OLEHKH JIOCTOBEPHOCTH pe3yJbTaTOB MojenupoBaHus? Kak mpaBuIbHO
0(pOpMUTH OTYET MO pe3yJibTaTaM MOJETUPOBAHUS?

Tema 1.5. IlpakTnueckne npuMepbl HHAKEHEPHOT0 aHAJIN3a

Pa30op peanbHBIX WHKEHEPHBIX 3aJay: aHAIU3 MPOYHOCTM pPaMbl BEJOCHIEAA, OIpejeIeHre
COOCTBEHHBIX YaCTOT KOJeOaHMH MOCTa, TEIUIOBOM aHajiW3 JBUratesss BHYTPEHHETO CropaHusl.
O6cyx1eHne 0COOeHHOCTEN MOISTMPOBAHMUS U aHATN3a Pe3yJIbTaTOB JJIs Kak/I0u 3a1aun. JlemoHcTparms
npumMeHeHns pasanuHbix Moayiern ANSYS Workbench niig pemenns npaktuyeckux 3amay.

6. TEMbI IIPAKTUYECKHNX 1 CEMUHAPCKUX 3AHATHUI
Tema 1.1. Beegenne B ANSYS Workbench
Bormpocs! k Teme:
Ounas popma
O0630p uHTEpdErica TPorpaMmel.

OcHogHble 3Tamnbl padoTel B ANSYS Workbench.
Tunbl ananmuza, noctynHeie B ANSYS Workbench.

Tema 2.2. Co31aHne reoMeTPHUH U CeTOK KOHEYHBIX 3JIEMEHTOB

Bomnpocs! k Teme:
Ounag gopma
Kakwue tunsl reomeTpuiecknx 00beKToB MOXHO co3aath B ANSYS Workbench?
B yem paznuIa Mexay CTpyKTYpPUPOBAHHOUM W HECTPYKTYPHUPOBAHHOM CETKOM?
Kakue nmapameTpbl BAUSIOT HA TOYHOCTh pacueTa?

Kak nmpoBepuTh Ka4eCTBO CETKM KOHEUYHBIX JIEMEHTOB?

Tema 3.3. Hano:xeHne rpaHuYHbIX YCJAOBHI U HATPY30K

Bormpocsl k Teme:

Ounas popma
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Kakue tunbl Harpy30k MoxHO 3a1aBaTb B ANSYS Workbench?

Kak nmpaBuiIbHO 33/1aTh TPAaHUYHBIE YCIIOBUS, YTOOBI M30€XkKaTh MOSIBICHUS )KECTKOro Tesa’?
Kaxk ydects cOOCTBEHHBIN BeC KOHCTPYKIIMHU TPH pacuere?

B yeM paszHMIIa MEXYy CTATUUECKOW U IMHAMMYECKOU Harpy3Kom?

Tema 4.4. AHanu3 pe3yJbTaToOB MO/1eJJUP OBAHUS

Bomnpocs! k Teme:
Ounas popma

Kak onpenenuTbs MakcMMaJlbHOE HalpsKEHUE B KOHCTPYKLIMK ?

Kak nmpoBepuTh KOHCTPYKIIMIO Ha TPOYHOCTH?

Kakue kputepuu UCIOIb3yI0TCS U151 OUEHKH JOCTOBEPHOCTH PE3yJIbTaTOB MOJEINPOBAHUSA?
Kak nmpaBuiibHO 0(pOpMHUTH OTYET MO pe3yJIbTaTaM MOJEIMPOBaHUA?

Tema 5.5. IIpakTHueckne NpuMepbl HHKEHEPHOT0 aHAJAN3a

Bormpocsl k Teme:
Ounas opma

Kakue ocobeHHOCTH MO/IeTMPOBaHHs HEOOXOJMMO YIUTHIBATh MPH PEIICHUH 3324 MEXaHUKH ?
Kaxk BeiOpath noaxoasmii Mmoaysib ANSYS Workbench s periennst KOHKpeTHO# 3a1a4u?
Kaxkue cymecTByloT MeTOIbl BepH(pHUKALUK PE3yIbTATOB MOAICIUPOBAHUS ?

7. JABOPATOPHBIE PABOTDIL, IIPAKTUKYMBbI

3nakomctBo ¢ ANSYS Workbench

Hemu: O3nakomnenue ¢ uarepdericom ANSYS Workbench, ocHoBabiMu Mmoayssmu: Mechanical, Steady-
State Thermal, Modal, Transient Structural, uHCTpymMeHTamu: pre-processing (CO3laHUE T'€OMETPHH,
Ha3HAUeHUE MaTepuasioB, CO3/IaHME CETKH), solution (3aJaHue TPAaHUYHBIX YCJIOBMW M Harpy3okK), post-
processing (BU3yaln3alus pe3yJbTaToB).

Copepxanne: Co3gaHre MPoeKTa W MPOCTON reoMeTpu (KyO, mwmmHap). Ha3HayeHne marepuasioB u3
ouomorekn ANSYS. Co3paHue CeTKM KOHEUHBIX 3JIEMEHTOB C 3aJIaHHOM IUIOTHOCThIO. HanokeHue
IPaHUYHBIX YCJOBUM (3aKperieHus], IepeMelieH s) U TPOCTOro TUMa Harpy3okK (cuia, JaBjieHue). 3amycK
pacuera, 0OpabOTKa OIIMOOK.

Pesynprathl: Busyanuzaius pe3yibTaToB: MoJiel HanpsiKeHui, aedopMaliuid, nepeMenieHui.

Ccpunka: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=34282&idb=0

CraTuuecKkuil aHaIU3 CTEPKHS

Hema: Ilpaktmueckoe mnpumenenne ANSYS Workbench pna  pacuera HIC crepxnHsa 1npu
pacTsKeHUU/CxKaTUK, CPABHEHUE PE3YJIbTATOB C AHAJTMTUYECKUM pPEILIEHUEM.

Copepxanue: [TocTpoeHne reoMeTpruecKoil MoJenu crep:kHs. Ha3zHaueHne marepuana u3 OMOIMOTEKH
ANSYS wu 3amanue ero cBoMcTB (Momynb ympyroctd, Koagdumment Ilyaccona). Co3maHue ceTku
KOHEYHbIX 371eMeHTOB. HasloxkeHne rpaHu4HbIX YCJIOBUH (3aKperuieHne OIHOrO KOHIA) M OCEBOW HArpy3KH
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Ha Jipyroii koHell. [IpoBenenue pacyera.

Pesynbrarhl: AHanu3 pe3ysbTaToB: paclpe]esieHue HampspkeHUd W JedopMaluil 1o JJIMHE CTePikKHS,
CpaBHEHUE C aHAJIMTUYECKUM pEIICHUEM.

Ccpuika: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=34282&idb=0

Crarnyeckuil aHaN3 OATKH

Hemu: WccnemoBanue HJIC Ganku mpu wsrude ¢ ucnonb3oBanuemM ANSYS Workbench, cpaBhenue
Pe3yJIbTATOB AJIsl Pa3IMUHBIX TUIIOB 3aKPEIUIEHUS U HArPyKEeHUs.

Conepxanue: Cozganue reomerpun Oanku. HanoxeHue 3akperuieHui (IIapHUPHOE OMUpaHME, KECTKast
3ajiefIka) U pacripeie]IeHHON/COCpeIOTOUeHHOW Harpy3ku. BbIOOp THMa KOHEUHBIX 3JieMeHTOB (beam).
IIpoBenenue pacuera.

PesynbraThl: AHAJIM3 pe3yJIbTaToB: paclpeesieHre MPOruOoB 1 HAMIPSHKEHUH 110 JITMHE OaJIKH, IIOCTPOCHUE
3MI0P, CPABHEHUE C AaHAJIUTUYECKUM PEIICHUEM.

Ccpunka: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=34282&idb=0

AHanu3 11acTUHBL

Hem: IIpumenenne ANSYS Workbench mna anammza H/AC miacTvsbl MojJ AE€UCTBHEM Pa3/IMUHBIX
Harpy3ok (pacripefiesieHHasi, COCPEJOTOYEHHAasl) M TPAaHUYHBIX YCJIOBMH (3aKpeIUIeHHs] 1O Kpasm,
[IAPHUPHOE ONKPaHKE), UCCIIeIOBaHNEe KOHIIEHTPALIMU HATIPSIKEHUT.

Copepxanue: MogenupoBaHue IU1acTUHbL. HaoxeHne IpaHUMYHBIX YCJIOBUM M CTaTUYECKMX Harpys3okK.
Bri6op tuna koHeuHbIX 37eMeHTOB (shell, plane stress/strain). [TpoBeneHne pacuera.

PesynbTarhl: AHAIU3 pe3yJbTaToOB: paclipeie/ieHre epeMeieHnid U HapsKeHU 10 TUIOIAAN IJIACTUHBI,
orpesieJieHe MAaKCUMAJIbHBIX HaIpsKEHUH, KCClIeOBaHUEe KOHIIGHTPAlMM HalpsoKeHUd B MecTax
MPUJIOKEHUS HATPY3KU U U3MEHEHUS T€OMETPHH.

Ccpuika: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=303862&idb=0

MogaibHBIA aHAJIA3

Hem: OcBoeHne MeTonuku IpoBeaeHus mojanbHoro aHamm3za B ANSYS Workbench, onpenenenue
MepPBBIX TPeX COOCTBEHHBIX YacTOT M (popM KoJieOaHUi OaJIKM U TJIACTHHBI C PA3JIMYHBIMU I'PAHUYHBIMHU
YCJIOBUSIMH.

Copepsxanwe: [TpoBeneHre MOJAILHOTO aHAIM3a OAJIKK/TUIACTUHBL. 3aJaHue TPAHUYHBIX yCIOBUI. Bbidop
KOJIMYECTBA PACCUNTHIBAEMbBIX COOCTBEHHBIX YacToT. [IpoBeneHue pacuera.

PesynbraThl: AHanM3 TMOJNYyYEHHBIX pPeE3yJbTATOB: BU3yalIu3anuss (opM KoieOaHWid, orpeaeseHue
COOCTBEHHBIX YaCTOT.

Ccpuika: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=303862&idb=0

TennoBon aHaym3

Hem: Ilpumenenne ANSYS Workbench s pemenus 3amad crallMOHapHOI TETIONPOBOIHOCTH,
ofpejie/IeHre paclipe/ieieHus TeMIIepaTyp B IUIACTHHE MPU 3aJaHHBIX MPAHUYHBIX YCIOBUSIX (3adaHHas
TeMIeparypa, TeIUIOBOU MOTOK).

Copep:xanue: MonenvpoBaHnue Tervionepeiau B IiacTUHe. 3aJaHie IPaHUYHBIX YCJIOBUM: TEMIIepaTyphl
Ha Kpasix, TEIUIOBOW MOTOK Ha 4acTu noBepxHocTu. [IpoBenenue pacuera.

PesynbraThl: AHanM3 pacrpesiesieHus TeMIepaTyp: MOCTpOeHre U30TEPM, OIpeiesieHe MaKCUMaJIbHOU U
MUHUMAJIbHON TeMIepaTyp.

Ccpuika: http://lib.ulsu.ru/MegaPro/UserEntry?Action=Link_FindDoc&id=303862&idb=0

8. TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®PEPATOB

JlanHbIi BUI paboTH He npeaycMoTpeH YII.
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9. MNEPEYEHD BOITPOCOB K 3AYETY
1. OcHoBHble Moy ANSYS Workbench u ux Ha3Hauenue.
2. Dransl pemenus 3agauu B ANSYS Workbench: pre-processing, solution, post-processing.
3. Cnioco6sl coznanus reomerpuueckux moaeneit B ANSYS Workbench.

4. OCHOBHbIE TUITbl KOHEUHBIX 3JIeMeHTOB, focTynHble B ANSYS Workbench. Kpurepuu BeiObopa tuna
3JIEMEHTa.

5. Metopl 3a1aHusI TPaHUYHBIX ycoBuM U Harpy30k B ANSYS Workbench.

6. Tunsr anammsa, goctynHsie B ANSYS Workbench: crarnueckuii, MOgaIbHBIH, TETUIOBOU. B uemM nx
oTyimuua?

7. OcHoBHbIE HHCTPYMEHTHI post-processing B ANSYS Workbench: Buzyanuzanus nosei HanpsiKeHuu,
nedopMaIyii, iepeMeIIeHu, MocTpoeHne rpapuKoB 1 TaOJIHII.

8. UTo Takoe «CXOAUMOCTb PEIICHUS» U KaK €€ IIPOBEPUTH?

10. CAMOCTOATEJIBHAA PABOTA OBYYAIOIIINXCA
Cooepoicarue, mpebosarusi, Ycn08usi U NOPSIOOK OPeAHU3AUUU CAMOCMOSIMENbHOU paOonibl
00YUAIOUUXCSL C Yuemom hopmbl 00yueHus onpedeasitomcs 8 coomeemcemeuu ¢ «Ilonrodxcenuem oo
OP2aHU3AUUU CAMOCMOSIMENLHOI PAOOMbl OOYUAIOUUXCSL», YMBEPHCOeHHbIM Y uernbim cosemom Yal'y
(npomoxon Ne8/268 om 26.03.2019e.).

Ilo xkaxcooii hopme obyueHUs: OUHAS/3A0UHASI/OUHO-3A0UHASL 3ANOAHEMCS OMOENAbHAS. MAOAUUA

dopma 0OyuyeHus: oUHas

Ha3BaHue pa3/ieioB u TeM Buja camocTosTeJIbHON Pa6OThHI Oo6bem ®opma KOHTP0JIs (nposepka
(npopadoomxka yuednozo B Yacax | peuieHus 3adau, pegpepama u op.)
Mamepuana, peuteHue 3a0ay,
pedbepam, 00K1a0, KOHMPONLHAS
padoma,nodzomoska Kk coave
3auema, IK3amena u op).

Paznen 1. OcHOBBI HH:KEHEPHOTO aHAJIN3A

Tema 1.1. Beenenue B ANSYS IMpopaboTka yuebHOrO MaTepuamac | 6 TectupoBanue
Workbench WCTIOJIb30BAHMEM PECYPCOB yUeOHO-
METOANYECKOTO 1
nH(pOpMaIMOHHOTO obecreYeHns
JVCIATUTIHBL.
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Ha3zBanue pa3nieiioB u TeM Bug camocTosTe bHOI pa6doThI O6Bem Popma KOHTPOJIs (nposepka
(npopadomxka yuedrozo B yacax pewenus 3a0au, pedhepama u op.)
Mmamepuana, peuienue 3a0a,
pedbepam, 00K1a0, KOHMPONLHAS
padoma,nodzomoska Kk coave
3auema, IK3aMeHA U Op).

Tema 1.2. Co3naHue reoMeTpriu 1 ITpopaboTka yaebHOrO MaTepuanac | 8 TectupoBanue
CETOK KOHEYHBIX JIEMEHTOB HCIIOJIb30BaHUEM PECYPCOB yIeOHO-
METOAMYECKOTO 1
nH(pOpPMaIMOHHOTO 0becrieYeH s

JUCUUIIIHBI.
Tema 1.3. HanoxxeHue rpaHUYHBIX IIpopaboTka y4eOHOro MaTepuaa ¢ 10 TectupoBanue
YCJIOBUH U HATPYy30K MCIOJIb30BAHUEM PECYPCOB yIeOHO-

METOAUYECKOro U
nH(pOpPMaIMOHHOTO obecreYeHust

JUCUUTUTMHBL.
Tema 1.4. AHanu3 pe3yabTaToB ITpopaboTka yueOHOro MaTepuaa c 10 TectupoBanue
MOJIEJIIPOBAHHUS HCHOJIb30BAaHUEM PECYPCOB yIeOHO-

METOOUYECKOTO U
nH(pOpPMaIMOHHOTO obecreYeHns

JUCIATUTAHBL.
Tema 1.5. I[IpakTnyeckue ITpopaboTka yyeOHOro Matepuanac | 20 TecrupoBanue
MIpUMepbl MHXEHEPHOTO aHAJN3a HCIIOJIb30BaHUEM PECYPCOB yIeOHO-

METOJMYECKOTO U
MH(POPMAIIMOHHOTO 0OeCTICUeHU S
JCIIUTUTAHBL.

11. VYEBHO-METO/IMYECKOE U TH®OPMAIIMOHHOE OBECIIEYEHUE NJUCIIUIIJINHDbI

a) Cnuncok pekoMeH/1yeMoil JuTepaTypbl
OCHOBHasI

1. ITpucekun, B. JI. OcHOBBI MeTO/Ia KOHEYHBIX JIEMEHTOB B MeXaHHKe J1e(pOpMUPYEMBIX TeJl : YIeOHHK /
B. JI. Ilpucekun, I'. K. Pacropryes ; B. JI. IIpucekun, I'. U. Pactopryes. - HoBocu6upck : HoBocuOupckuit
rocyJapCcTBEHHBIN TexHudeckuil yausepcuret, 2010. - 238 ¢. - Knura Haxoaurcs B npemuyMm-Bepcuu DbC
IPR BOOKS. - Tekcr. - 'apantupoBannslii cpok pazMenienus B 9bC no 05.02.2025 (aBTonposioHramms).
- 3JIKTPOHHBIN. - DyeKTpoH. AaH. (1 daim). - URL: http://www.iprbookshop.ru/45417.html. - Pexum
nocryna: DbC IPR BOOKS; ana aBropusup. nosas3zoBatenend. - ISBN 978-5-7782-1287-9. / .— ISBN
0_130534

2. [No6enps B.E. OcHOBBI MeXaHWMKU CITIONIHOM cpenbl. Kypc nekmmii. : yaeoHoe nocodue / B.E. ITobeaps,
JI.B. T'eopruesckuii ; [Todeaps B.E.; I'eopruesckuii [I.B. - Mocksa : dusmariut, 2006. - 272 c. - URL:
https://www.studentlibrary.ru/book/ISBN592210649.html. - Pexum pocrynma: 3BC "KoncynpTant
cryaenta"; no nognucke. - ISBN 5-9221-0649-X. / .— ISBN 0_235791

JAOINIOJHHUTECJIbHAA

1. IHamanuH, A. FO. PacyeTsl KOHCTPYKLIMI METOAOM KOHEUHBIX 371eMeHTOB B ANSYS : meronnueckue
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pexomenaaumu / A. FO. [llamanun ; A. 1O. [llamanuH. - MockBa : MOCKOBCKasi TOCyJapCTBEHHAS aKaJeMUs
BOAHOrO TpaHcnopta, 2012. - 72 c. - Kuura Haxoautcs B npemuyM-Bepcun Db5C IPR BOOKS. - Tekcr. -
Jlunensus  nmo  24.06.2021. - s0ekTpoHHbIA. - nekrpoH. jgadH. (1 dain). - URL:
http://www.iprbookshop.ru/47951.html. - Pexum pocryna: DBC IPR BOOKS; mis aBtopusmp.
nons3oBartelieit. - ISBN 2227-8397. / .— ISBN 0_131670

2. KamamnaukoB A. M. Unxenepnbii aHamm3. Y. 2 : MuxkenepHold aHanmu3 / A. M. KanamHukos ;
KanamankoB A. M. - Omck : OMI'TY, 2022. - 163 c. - Bubauorp.: 10cTymHa B KAPTOUKE KHUTH, Ha caliTe
ObC Jlanb. - Knaura wu3 xkomwekmmu OMI'TY - WakeHepHo-TexHuueckue Hayku. - URL:
https://e.lanbook.com/book/343622. - https://e.Janbook.com/img/cover/book/343622.jpg. - Pexum
nocryna: 9bC "Jlanp"; ny1s aBTopu3up. nosws3zosateneil. - ISBN 978-5-8149-3371-3. / .— ISBN 0_515556

y4eOHO-MeTOoJuueCcKas

1. Kaimuo E. [I. IlpodeccuoHanbHbll 37€KTUB. BBeleHWE B MHKEHEPHBId aHAJIM3 MEXaHUYECKHUX
KOHCTPYKIIMA : METOJAMYECKHE PEKOMEHIAIMU ISl CAaMOCTOSITESIbHOW PaOOThl CTYJEHTOB HarlpaBJeHUN
OakanaBpuara 24.03.04 «ABuactpoenue» u 15.03.04 «ABTOMaTH3AIMS TEXHOJOTMUYECKHUX TPOIIECCOB U
npousBozactB» / E. JI. KamuuoB ; Val'yV, ®MUKNAT. - 2023. - Heomy6nukoBanusii pecypc. - URL:
http://lib.ulsu.ru/MegaPro/Download/MObject/15458. - Pexum poctyma: DBC Val'V. - Teker
anekTpoHHbId. / .— ISBN 0_520157.

2. EppemenkoB W. B. Pacuer u aHaiM3 AMHAMUYECKUX U MPOYHOCTHBIX XapaKTEPUCTUK M3JEIUHN C
ucnonb3oBanueM nporpammuoro npoaykta ANSYS, LS-DYNA : snekTponnslii yueOnsiii kypc / U. B.
EdpemenkoB. - VabsHock : Y'Y, 2016. - URL: https://portal.ulsu.ru/course/view.php?id=94895. -
Pexum pocryna: [Topran QUOC Val'V. - Tekcr : anexktponssiit. / .— ISBN 0_303862.

0) IIlporpamvHoe oGecreueHue

- OneparonHas cucrema "AJbT oOpazoBaHue"

- OducHpii naket "Mou opuc"

- ANSYS

B) IlIpodreccnonanbubie 6a3bl JaHHBIX, HH( OPMAITOHHO-CIIPABOYHbIE CHCTEMBI

1. D1eKTPOHHO-0HOIMOTEYHbIE CHCTEMBI:

1.1. Iudposoii obpasoBatenbHbii pecypc IPRsmart : 31ekTpoHHO-OMOMMOTEYHast cuctema : cailrt /
00O Komnanus «Ai ITu Ap Megua». - Caparos, [2024]. — URL: http://www.iprbookshop.ru. — Pexum
AOCTyIa: AJIs1 3aPETUCTPUP. N0JIb30BaTeNel. - TEKCT : 371eKTPOHHBIN.

1.2. O6pasoparenbHas mwiathopma IOPAWT : oGpa3oBaTebHbIA pecype, SMeKTPOHHAs GHOIMOTEKA
caiit / OO0 DneKTpoHHOE U3AATETHCTBO FOPAUT. — Mockga, [2024]. - URL: https://urait.ru. — Pexum
AOCTyIa: AJIs1 3aPETUCTPUP. N0JIb30BaTeNel. - TeKCT : 371eKTPOHHBIN.

1.3. ba3za naHHbIX «DnekTpoHHas Onbmmoreka TexHnueckoro BY3a (9BC «KoHCynbTaHT cTyaeHTa») :
9JIeKTPOHHO-OnOmoTeuHas cucrema : cailt / OOO Ilomurexpecypc. — Mocksa, [2024]. — URL:
https://www.studentlibrary.ru/cgi-bin/mb4x. — Pesxum goctyna: 1is 3apeructpup. noibs3opateneil. — Tekcr
: QIEKTPOHHBIM.
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1.4. KoHCynbTaHT Bpaya. DJIEKTPOHHAs MeIWIIMHCKass OuOimoTeka : 6a3a jmaHHbIX : caidt / OO0
Briclmasg 1mikosa opraHM3aliMd M YOPaBJIECHUs  3/1paBOOXpaHEeHHMEM-KOMIUIEKCHBI  MeIMIMHCKUIA
KoHcanTuHr. — Mocksa, [2024]. — URL: https://www.rosmedlib.ru. — Pexum gocryna: s 3apeructpup.
noJib30Baresien. — TEKCT : 3JIEeKTPOHHBIN.

1.5. Bonpmas meauMHCKas OUOIMOTEKA : AJIEKTPOHHO-O0nOMoTeuHas cuctema : cat / OOO Bykar. —
Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pexum pocryma: afs 3apeructpup.
1oJib30Baresien. — TEKCT : 3JIEeKTPOHHBIN.

1.6. DBC Jlanb : anekTpoHHO-OMbaMoTeyHas cucrema : cat / OO0 IBC Jlanb. — Cankr-IletepOypr,
[2024]. — URL: https://e.lanbook.com. — Pexxum nocryma: njsl 3aperucTpup. nojb3oBaTesnen. — Tekcr :
3JIEKTPOHHBIN.

1.7. 9BC Znanium.com : 3JeKTpoHHO-OMOIMOTeHass cucrtema : cailt / OOO 3HaHuym. - Mocksa,
[2024]. - URL: http://znanium.com . — Pexum gocrtymna : Ajsl 3aperucTpup. nojb3oBaresien. - Tekcr :
3JIEKTPOHHBIN.

2. Koncyabrantllmoc [DnexTpoHHbId pecypc]: cmpaBouHass nmpaBoBasg cucrema. /OO0
«Koncynbrant [Lmoc» - DnekTpoH. naH. - Mocksa : KoncynsrantlImoc, [2024].

3. eLIBRARY.RU: Hayunas snekTpoHHas OubOanoreka : cadt / OOO «HayuHas DnekTpoHHas
bubmoreka». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexum poctyma : il aBTOpU3.
noJib3oBaresien. — TeKCT : 3J1eKTPOHHBIN

4. depepanbHasa rocygapctBeHHas uHgopmammonHasa cucrema «Hammonauabnas
3JIeKTPOHHAasI 00O TEeKAa» : IeKTpoHHas oudmmoreka : caiit / ®I'BY PI'B. — Mocksa, [2024]. — URL:
https://H36.pd. — Pexxum goctyma : s mosib30Bartesiell HayYHoW OUOIMOTeKH. — TeKCT : 3JIeKTPOHHBIN.

5. Poccuiickoe odpa3zoBanue : (enepanbHbiii mopran / yupegurenb PI'AY «PULITO». — URL:
http://www.edu.ru. — TeKCT : 3IeKTPOHHBIN.

6. DnexTpoHHas 6udimoTeuynasi cucrema Yal'V : moayns «dnektponHas 6udmmoreka» ABUC
Mera-ITPO / OOO «[lata Dkcnpecc». — URL: http://lib.ulsu.ru/MegaPro/Web. — Pexum nocryna : ans
noJIb30BaTes el HayyHOH OMOIMOTeKU. — TEKCT : JeKTPOHHBIM.

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JTUCHOUITJINHbI:

Aynutopuu [isl TPOBEACHU S JIEKIIUIA, CEMUHAPCKUX 3aHSATHUH, /17151 BHITIOJTHEHUS JJAOOPAaTOPHBIX paboT 1
MPaKTUKYMOB, [UISI TIPOBEAEHHUS TEKYIIEro KOHTPOJII M TPOMEKYTOUYHOW AaTTeCTallud, KypPCOBOTO
MPOEKTUPOBAHMUS, TPYMIIOBBIX U MHIVUBUYaTbHBIX KOHCYJIbTAIMN (8bl0Opams Heobxooumoe)

AyauTopun YKOMJIEKTOBAHBI CIIEIMATU3UPOBAHHON MeOenblo, y4eOHOW TOCKOH. AyIUTOpUHM s
MPOBEICHUS JIEKIIUI 000PYA0BaHbI MyJIbTUMEUIHBEIM 000pYIOBAHUEM /TS TIpEeACTaBIeHUs] MH(POPMAIH
OosbIion ayautopun. [ToMmeneHust il CaMOCTOSITEIbHON PadOTHl OCHAIIEHBI KOMITHIOTEPHBIN TEXHUKOH C
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BO3MOKHOCTBIO TOJKTIOYEHUs1 K ceTH «lHTepHeT» M oOecrieyeHMeM JOCTyHa K 3JEKTPOHHOMN
MH(POPMALIMOHHO-00pa30BaTeIbHON ~ cpelle,  SJEKTPOHHO-OMOIMoTeyHoit  cucteme.  [lepeyeHn
000py10BaHM 1, UCHIOJIL3YEMOr'o B y4eOHOM IpolLiecce:

- MynpTumeauniiHoe 000pyioBaHME: KOMITBIOTEP/HOYTOYK, 9KpaH, MPOEKTOP/TENeBU30P

- KommbiotepHast TexHuKa

13. CHEIIUAJIBHBIE YCJIOBUA 1JI1 OBYYAIOIIIUXCA C OTPAHNYEHHBIMHA
BO3MOKHOCTAMMU 310POBbA

B ciyyae HE0OXOAMMOCTH, OOYYAIOLIMMCS U3 YUCIa JIUL C OFPaHUYEHHBIMU BO3MOXKHOCTSIMH 3/10POBbS
(mo 3asBIEHUI0 OOYYAIOIIErocs) MOTYT TpelaraTbCs OJHU W3 CJIEAYIIMX BAapHAHTOB BOCIIPUSITHUS
MH(pOPMALIMK ¢ YYETOM MX UHAWBUAYATbHBIX MICUXO(PU3NIECKUX OCOOEHHOCTEN:

- IS JMI C HapylUIeHUsIMU 3pEHHUs: B NeYaTHOM popme yBeauueHHbIM wipudToM; B ¢dopme
9JIEKTPOHHOTO JOKYMeHTa; B ¢opme ayauodaiiia (mepeBoj yuyeOHbIX MaTepuasioB B ayaunodopMmar); B
neyatHod ¢opMe Ha A3blke bpailid; MHOMBUIyasJdbHble KOHCYJbTAllMd C  MPUBJIEYECHHEM
TI(I0CYpAONEPEBOIUMKA; UHIUBUAYAJIbHBIE 3a/JaHUSI U KOHCYJIbTALIUM;

- JUId JIAIl C HapylIeHWsIMU cliyxa: B revyaTHou c¢opme; B (opMe 3JIEKTPOHHOTO JOKYMEHTa;
BUJIEOMATepHAJIbl C CYOTUTPaMK; MHAWBUIYaJIbHbIE KOHCYJIBTALMK C MPUBJICYEHUEM CypIONepEeBOTUMKA;
VH/IMBUAYyaJIbHbIE 3aJaHNs U KOHCYJIbTAlUH;

- Ui JML C HapylleHUsIMM OIOPHO-ABMUIATENILHOTO armapara: B IedaTHOR ¢opme; B dopme
3JIEKTPOHHOTO JOKYMEHTA; B hopMe ayanodaiiia; MHIUBUAYaIbHbIE 3aJaHUS U KOHCYJIbTALIMY.

B ciayyae HeEOOXOIMMOCTM MCIHOJb30BAaHUS B Y4E€OHOM IMpOLECCe YaCTUYHO/UCKIIOUUTETbHO
JAMCTAHIIMOHHBIX 00pa30BaTeNIbHBIX TeXHOIOrHA, opranu3ainus padotsl [II1C ¢ obyyaommmucsa ¢ OB3 u
MHBAJIMJAMHU [IPEAyCMATPUBAETCS B JIEKTPOHHOU MH(OPMAIIMOHHO-00PAa30BATEILHOM Cpejie C yUETOM MX
MHIVBHUIYQJIBHBIX TICUXO(U3MUECKUX OCOOEHHOCTEM.

KongparseBa AnHa CepreeBHa

PaspaboTurk
JIOJKHOCTD, yueHasi CTeTleHb, 3BaHKe dUO
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