@®OH/I OHEHOYHBIX CPEJACTB 110 JUCHHIIVIHHE
IMPHEM 2019 1.
DOOPMA OBYUEHHA ounasn

KoMnboTepHbIe METO/IbI AHAJIH3A H ONTHMH3ALUMH KOHCTPY KK HedTerazosoro obopyopanus

Hanpasnenne nogrotoskn/ | 21.04.01 «Hedrerazosoe nenoy»

CTeHANEHOCTE
O6paszoBarensHas MporpaMma
(HanpapaeHHOCTD (POQHIIB))
Crenuanuianus

¥YposeHrs 00paszoBaHus

Kype
TpynoeMKoCTE B KpeaHTax
(3a4eTHBIX eIHHHIIAX)

H. o. 3asenytomero kadenpoi —

PYKOBOJHTENS OT/EICHHA

Hedrerazoporo aena

(Ha npaBax kadenpsi)
PyxosoguTens OOIT

IIpenosasarens

MaiHHEBl H 060pyI0OBaHHE HE(TAHEIX H TA30BBIX IIPOMBICIIOB

Mainuael # 0bopyaoBaHHe He(TAHEIX H rA30BbLIX [IPOMEICIIOB

BBICIIeE 00pa3oBaHHE - MATHCTPATYPA

1 |  cemecrp |2

H.A. MearHuK

r
dfé/ K.K. Manabaes
F ' K.K. Maunabaes

2020 .



1. Poan JAUCHUITIJINHBI «KOMHBIOTeprIe METOAbI aHAJIN3a U OIITUMHU3AIIUHU KOHCprKIIHﬁ He(])Terasonoro OﬁopyHOBaHI/IH» B
(l)OpMI/IPOBaHI/II/I KOMIIeTeHI M ii BBIITYCKHUKA:

Jj1eMeHT Kox FINIHKATOPHI HOCTHIEHHS KOMIIET eI CocraBisiionye pe3yjibTaToB ouioemm (1ecKpUNTOpPHLI
o0pa3oBaTeJbHOI KOMIIeTeHIMi)
Cewmecr] P KOMIIETCHIINH HaumeHnoBanue KOMIIETCHIIUH
nporpaMmmMbl (Ill/lCI[l/ll'[JlI/lHﬁ, KO)I HaumeHnoBanue HHIHKAaTOpa
Kon HaumeHoBanue
npakTuka, F'HA) HHIUKATOpa JIOCTH/KEHUS
[K(Y)-4 | CrnocobHOCTB W.IIK(Y)- | CnocobeH co3naBath M[K(Y)- 3HaTh OCHOBHBIE TPUHIUIIBI 1
IIPOBOAMTH AHAJIN3 C 4.1 IIPOCTPAHCTBEHHBIE U 4.31 METO/Ibl MATEMATUYECKOI O
npumeneHreM CAD- YHCJICHHBIE pacUeTHbIC MOJICTTMPOBAHUS CBOMCTB
CAE-cucrem MOJIEJIH AJIEMEHTOB HedTerazoBoro o00pynOBaHUS U
TEXHOJOTUYHOCTH KOHCTPYKIIHH, IPOIECCOB TEXHOJIOTUYECKUX MPOIIECCOB C
KOHCTPYKITHH IKCILTyaTallH dJIEMEHTOB WX ydacTheM. 3HaTh OCHOBHEIC
MAalInHOCTPOUTENBHBIX MaIlluH U 3TaIbl HOCTPOCHHS YHCICHHBIX
U3IeIni TEXHOJIOTUYECKOI0 Mojiener GU3nYeCKUX 00bhEKTOB
HedTerazoBoro 000pyToBaHUS (311eMeHTOB He(TerazoBoro
KOMITJIEKCA. HedTera3oBoi o0opynoBaHus).
IIPOMBIIJIEHHOCTH B IK(Y)- YMeer ucnonp3oBaTh
CIEUAaIU3UPOBAHHBIX 4.Y1 MpUKJIaJHbIE IPOrPaMMHbIE
KomnbrorepHble H P p & porp
MIPOrPaMMHBIX KOMILIEKCAX MPOAYKTHI JUISI HATJIATHOTO
MeTO/Ibl AaHAJIN3A U .
(ANSYS, SolidWorks, MIPEICTABIIEHHUS PE3YILTATOR
ONTHUMH3AIUHU
. 2 KOMIIAC) KOMITEIOTEPHOT'0 MOJICITPOBAHMS
KOHCTPYKIH
1 pacueTra HeTerazoBoro
He(TEerazoBoro
TEXHOJIOTHIECKOTO
o0opynoBaHus
000pyTOBaHUS
MK (Y)- BirameeT ocCHOBHBIMH METOZaMH,
4.B1 HCIIOJIb3yEMBIMU IIPU OCTPOECHUU
YUCIICHHBIX MOJeNeH PU3nIecKuX
00BEKTOB (JIEMEHTOB
HeTEra30BOro 00OpyIOBaHUA).
[K(Y)-5 | CrnocobHocTh W.IIK(Y)- | CnocoOeH nmpuMeHsITh TK(Y)- 3HaeT HayYHO-TEXHUYECKYIO
MIPUMEHSATH 51 TIONTyYeHHBIE 3HAHUS JIIS 5.31 JIOKYMEHTAIIHIO 110

MOJTy4EeHHbIC 3HAHUS
JU1sl pa3pabOTKH U
peanu3anyu IpoeKTOoB,

pa3paboTKH U peanu3ayuu
IIPOEKTOB, Pa3INIHbIX
IPOLIECCOB

MPOEKTUPOBAHUIO, CTPOUTEIBCTBY
1 PEKOHCTPYKLUHU 00BEKTOB
TpaHcnopTa HeTH raza




00pa3oBaTeIbHOM
NPOrpaMMsbl (AMCHUILIHHA,
npakruka, F'HA)

JjIeMeHT
Kox

Cemectp KOMITeTeHIUH

HaunmenoBanne KOMIICTCHIINHA

Pa3IMYHBIX IIPOIECCOB
MIPOU3BOJICTBEHHOM

NI TENBHOCTH Ha
OCHOBE METOJUKHU
MIPOCKTUPOBAHUS B
HedTera3oBoi
OTpaciy, a TaKkKe
periaMeHTUPYIOIIHNX
JIOKyMEHTOB

HWHIUKATOPBI AOCTHKEHUS] KOMIETEHIUit

COcTaBJIﬂIOl.l.ll/le pe3yjibTaToOB OCBOCHUSA (}IeCKpI/lHTopbl

KOMIIEeTEeHIMi)
IIPOU3BOJICTBEHHOMN M[K(Y)- YMeer pean30BbIBATH POEKTHI,
JIEATENIbHOCTH HA OCHOBE 5.V1 pa3MYHbIE MTPOLIECCHI
METOJMKH POEKTUPOBAHUS MIPOU3BO/ICTBEHHON JeITEIHHOCTH
B HeprerazoBoit oTpacinu, a Ha OCHOBE METOINKHU
TaK)Ke perJaMeHTHPYIOLIIX MPOEKTUPOBaHHS B HeTera3oBoii
JIOKYMEHTOB oTpaciy, a Takke
pETIaMEeHTUPYIOIINX JOKYMEHTOB
MK(Y)- Brnaneer HaBpIKamMu pa3pabOTKH U
5.B1 peanu3aIyy MPOeKTOB,
Pa3IMYHBIX MPOIIECCOB
MIPOU3BO/ICTBEHHON JEITEIHHOCTH

2. IMoxa3zaresy ¥ MeTOABbI OLIEHUBAHUSA

l'l.rla}mp €MbI€ pe3yJabTaThbl 06yqeﬂuﬂ o THCIUIIJIHHE KOH HHAHKaATOpa HanmeHoBaHue pasaeaa TMCHUIIIMHBI MeToabl OLIEHUBAHUS
Kon HaumenoBanue JI0CTHKEHHSI (oLeHOYHbIe MePOTIPHSITHST)
KOHTPOJIHPYEeMOii
KOMIIETCHIIHH (HJIH ee
YaCTH)

P 1 | Boimonusats 00pabOTKy ¥ aHATIH3 N.IIK(Y)-5.1 Pasznen (moayin) 1.
pacYeTHBIX M SKCIIEPUMEHTAIBHBIX Beenenme. OcobeHHOCTH Tporecca MPOSKTHPOBAHUS
TaHHBIX, TPUMEHSTH TTOTy9IeHHBIC 00BEKTOB (RIIEMEHTOB 00OpymoBaHUs) HedTerazoBoi
3HAHUA JUIA Pa3pabOTKH U oTpaciu. AHaMM3 HAJKHOCTH TEXHOJIOTHYECKOTO
peanu3anny IpOoeKTOB, Pa3TNIHBIX 000pyIOBaHMS M METAJUTOKOHCTPYKIuH Hedrterazoroi | Ompoc.

MIPOIECCOB MTPONU3BOICTBEHHON orpacau. Tennennuy nHxkuHupuHra B Poccun 1 B Mupe | 3aruTa 1ab0paTopHBIX
JEeSITeTFHOCTH Ha OCHOBE METOIUKH Paznen (momynn) 3. pabor
MIPOEKTUPOBAHUS, IIPOBOANUTH I[Mpumep aHanm3a W ONTUMH3AIUK  3JeMeHTOB | TectupoBaHue
ONTHUMH3ALUIO TEXHOJIOTHYECKOT O KOHCTPYKLMM  HedrerazoBoro  oOopynoBaHHs ¢ | OK3aMeH
000pyIOBaHUS W KOHCTPYKITHIA. MPUMEHEHNEM TPOTPAMMHOTO  KOMITIEKCa MeTofa

KoHeuHBIX dneMeHToB ANSYS Mechanical. Pacuer

HaNPsHKEHHO-1e() OPMUPOBAHHOTO COCTOSTHHS DJIEMEHTOB

KOHCTPYKLIHH.

P12 | IlpuMeHSTH 3HAHUS IO CO3/IAHUIO N.IIK(Y)-4.1 Paznen (Momynn) 2. Ormpoc
MIPOCTPAHCTBEHHBIX W YHCIICHHBIX [IporpaMMHBII KOMIUIEKC METO/Ia KOHEYHBIX 3JIEMEHTOB | 3amuTa J1adopaTopHBIX
pacyeTHBIX MOAEIEH 3JIEMEHTOB ANSYS. IlpencraBneHre BO3MOXXHOCTEH pacdeTHBIX | pador
KOHCTPYKIIHI, POIIECCOB monyneii. APDL. Cpema ANSYS  Workbench. | [Ipesenranus




IKCILTyaTallly 3JIEMEHTOB MAIllUH U Ocobennoctu ontumu3anyu B ANSYS. TectupoBanue
TEXHOJIOTMYECKOr0 000pYA0BaHUS OK3aMeH
He]Tera3oBoi MPOMBIIUICHHOCTH B
CIICIHMATN3UPOBAHHBIX TPOrPAMMHBIX
komutekcax (ANSYS, SolidWorks,
KOMIIAC).

Paznen (momynb) 4.

FCOMCTpI/I‘-IGCKaH OIITUMU3alIUA JIEMECHTOB
KOHCTPYKIHU HedTerazoBoro o0opy10BaHus C
IMPUMCHEHUEM CIICHHUAJIbHBIX Mozlyneﬁ CHUCTEM
aBTOMaTn3upoBaHHoro mpoextupoBanus (CAIIP) na
npumepe CAITP DS SolidWorks. TIpoune
KOMIIBIOTEPHBIC METOAbI 1 TEXHOJIOTUU aHAJIM3a U
ONTUMH3ALUU KOHCTPYKIMI HEPTErazoBoro
obopynoBanwus (crernuanusnposanroe I10 Euler,
Autodesk Simulation Multiphysics)

3. IlIkaja ouneHMBaHUSI
HOprHOK opraHu3ali OLUCHHUBAaHUA PE3YIIBTATOB O6y‘-IeHI/I$I B YHUBCPCHUTCTE PCTIAMCHTHPYCETCA OTACIBbHBIM JIOKAJIbHBIM HOPMATUBHBIM AKTOM —
«Cucrema OIICHUBAHUS PE3yJIbTATOB 00ydeHUsT B TOMCKOM TOJIMTEXHUYeCKOM yHHBepcuTere (CructeMa OolleHUBaHUS)» (B JCHCTBYIOIICH pelaKilum).
Hcnonb3yetcs OamibHO-peUTHHTOBAsE CUCTEMA OLICHUBAHUS Pe3yIbTaToB 00yueHus. MiTorosas onenka (TpaaulMOHHAs U JIUTEpPHAsI) IO BUIAM yueOHOM
nestenbHOCTH (M3ydenne quciuiind, Y UPC, HUPC, kypcoBoe mpoeKTHpOBaHUE, IPAKTHUKH ) ONIPEACIIIECTCS CYyMMOU 0aioB 1O pe3yJbTaTaM TEKYIIEro
KOHTPOJISI K IPOMEKYTOYHON aTTeCcTaluy (MTOroBasi peHTHHTOBas OlleHKa - MakcumyM 100 6asoB).

PacnpeneneHI/Ie OCHOBHBIX H JAOIIOJHHUTCIBHBIX 0amioB 3a OLCHOYHBIC MECPOIIPHUATHA TEKYLICTO KOHTPOJIA U HpOMe}I(YTO‘IHOI;'I arrecrauguu
YCTAaHABJIMUBACTCA KAJICHIAPHBIM pefITHHF-HHaHOM JAUCHUITIIMHBI.

PeKOMeHI[yeMaH mKajaa a1 OTACIIbHBIX OIICHOYHBIX MepOHpI/IHTI/Iﬁ BXOIHOTI'O Y TCKYIICTO KOHTPOJISA

% BBINOJIHEHHSI CooTBercTBHE
3aJaHus Tpauuuummoii OIICHKE Onpeueneﬂue OUEHKH

90%+100% «OTIIIHO» OT1nnyHOE TOHMMAHKE TIPEMETa, BCECTOPOHHUE 3HAHMS, OTIMYHbIE YMEHHUS M BJIAJCHUE ONBITOM NPAKTHUECKOM JeATeTbHOCTH,
HEeo0XO0JMMbIE Pe3yIbTaThl 00y4eHHs! c(hOPMHUPOBAHBI, HX KAYECTBO OL[EHEHO KOINYECTBOM 0aJlIOB, OJIM3KUM K MAaKCHMAJIbHOMY

70% - 89% «Xopomoy JlocTaTouHO TOTHOE TOHNMAaHUE MPEIMETa, XOPOIINE 3HAHNS, YMEHHS 1 OTIBIT IPAKTUYECKOH NeATEIbHOCTH, HEOOXOANMBIE PE3YIIbTAThI
00y4eHns cOpMUPOBAHBI, KAYECTBO HU OTHOTO M3 HUX HE OLEHEHO MUHIMAJIbHBIM KOJIIMYECTBOM 0ajlsioB

55% - 69% «Y noBm.» [IpremneMoe MOHNMaHKE MTPEAMETA, YAOBIECTBOPUTENbHBIC 3HAHNS, YMEHUSI U ONBIT IPAKTHIECKON IEATENbHOCTH, HEOOXOTMMBbIE PE3YIbTaThI
00y4eHns cOopMHUPOBAHBI, KAYECTBO HEKOTOPHIX U3 HUX OLIEHEHO MUHHUMAJIBHBIM KOJINYECTBOM 0aJlsIoB

0% - 54% «HeymoBi.» PesyneTaTel 00ydeHus! He COOTBETCTBYIOT MHHUMAJIBHO JOCTATOYHBIM TPEOOBAHMSIM

[[Ixana /u1st OUEHOYHBIX MEPONIPUITHI DK3aMEHa




% BBINOJIHEHHS IK3aMeH, CooTBercTBHE
32 aHMIi IK3aMeHa 0ann TPAIUIHOHHOIi OLlEHKe Onpeneaenne onenkn

90%+100% 18 +20 «OtnuyHO» OTnu4HOE MOHUMAaHHE TIPEAMETA, BCECTOPOHHUE 3HAHMS, OTVINYHBIE YMEHUS U BJIaJCHUE ONBITOM NPAKTUYECKON NESTEIbHOCTH,
HEOOXOANMBIE Pe3yNIbTaThl 00y4eHHs CPOPMUPOBAHBI, NX KAUECTBO OLEHEHO KOJIMYECTBOM 0aJlIOB, OJIM3KUM K MaKCHUMaJIbHOMY

70% - 89% 1417 «Xopouio» JloctaTouHO TIOJTHOE TOHUMAaHUE MPeIMETa, XOPOIIHE 3HAHUS, YMEHHS U OTIBIT PAKTUYECKOH eITeIbHOCTH, HE0OX 0IUMBbIE
pe3ynbTaThl 00y4eHHs CPOPMHUPOBAHBI, KAYECTBO HU OTHOTO M3 HUX HE OIIEHEHO MUHUMAJILHBIM KOJIMYECTBOM 0ajliioB

55% - 69% 11+13 «Y 10BI.» [MpremnemMoe TOHUMaHUE MTPEAMETA, YAOBIECTBOPUTENbHBIE 3HAHHS, YMEHUSI U OMBIT IPAaKTHIECKON JIeSTENbHOCTH, HEOOX O/TMMEbIE
[pe3yNbTaThl 00y4eHHs CPOPMHUPOBAHBI, KAYECTBO HEKOTOPHIX M3 HUX OLIEHEHO MUHUMAJILHBIM KOJIMYECTBOM OajioB

0% - 54% 0-+10 «HeynoBn.» Pe3ynbraThl 00y4eHuUs] HE COOTBETCTBYIOT MHHUMAJIBHO JOCTATOUHBIM TPEOOBaHUIM

4. TlepeyeHb TUNOBBIX 3aIaHUI

Neri/m

OneHounbie
MepPONPHUSI THS

le/lMep])I THIMOBBIX KOHTPOJbHbIX 3aua}mﬁ

Pasnen 1 «Beenenne. Ocoben
orpaciu. TeHIeHITNA HHXUHUPUHTA B POCCHU U B MHPE»

HOCTH IIpoLiecca NPOSKTUPOBAHUSA 00BEKTOB (3JIEMEHTOB 000pyJ0BaHMA) He()TEra30BOM OTpaciay. AHAIN3 METAIIOKOHCTPYKINH HehTera3zoBon

Bomnpocst:
1 KakoBo TeXHHKO-3KOHOMHYECKOE 3HaYeHHe oOecredeHns 3(PEeKTUBHOM HaIEKHOCTU U JONTOBEYHOCTH MAIINH U1 Pa3BUTHS He(Tera3oBon
1 Ompoc orpaciu?
P 2. Kakue xputepun SKCIITyaTalMOHHBIX CBOMCTB TEXHOJIOTHYECKOr0 000pyJOBaHMs BBl 3HACTE?
3. Iouemy npu BEIOOpE TEXHOIOTHYECKOr0 000pYIOBaHMS €llle Ha CTall1 MPOSKTUPOBAHMS 3aKJIaJbIBAIOT CBOMCTBA IOATOTABIMBAEMOI Cpeibl?
4. Kaxwue BbI 3HaeTe mporpaMMHbIe TPOAYKTHI UTSI PEICHHS 3a]a4 IPOSKTUPOBAHHA?
TeopeTuueckoe 3a1aHue
Ne Bonpoc Bapuanr otera
BepHo 11 yTBepkIeHIe, YTO ABa CBOWCTBA HAJEKHOCTH, OE30TKa3HOCTD — BepHO
1 PEMOHTOIPUTOAHOCTD, OTPAXKAIOT KOMIUIEKCHBIN ITOKa3aTeNnb
ko3 dunuent roropaoctr Kr? HEBEPHO
. N . 6e3omacHOCTH
CocTaBHOI YaCThIO KaKOT'0 CBOWCTBA TEXHUYECKOH CHCTEMBI SIBIISICTCS
2 HAIEKHOCTH
6€30TKa3HOCTbH?
TIOJIE3HOCTH
2 TectupoBaHue 3 Kak coeniHeHBI S7IeMEHTHI B TEXHHYECKOI CHCTEME, BEPOSITHOCTb HapajuleabHO
0e30TKa3HOI paboThl KoTopoi Q(t) paBHO Mpom3BeneHHIo Q; ? MOCJIEIOBATENEHO
HapaOOTKy JI0 OTKa3a MHOI'MX HEBOCCTaHABIMBAaEMbIX
. 9JIEMEHTOB 000PYIOBAHUS
Kaxkoii n3 yka3aHHBIX BapHaHTOB JOCTaTOYHO XOPOLIO OMUCHIBACT =
4 . o HapabOTKy MEXy COCEITHUMH OTKa3aMH IIPH MPOCTEHIIIeM
9KCIIOHEHIINAIBHBIN 3aKOH
MTOTOKE OTKA30B (TIOCIIe OKOHYAHUS TTePHo/ia TPUPaOOTKH)
BpeMsI BOCCTAHOBJICHHSI ITOCIIE OTKa30B
5 BepHo 111, 9TO BUBI HCTIBITAHWI MAIIHH MOAPA3EIAIOTCS Ha 3aBOJICKHE BEPHO
(pecypcHBI€) U SKCIUTyaTanuoOHHbIE? HEBEPHO




Pazmen 2 «IIporpaMMHBIH KOMIUIEKC MeTOIa KOHEYHBIX 35ieMeHToB ANSYSS. IIpencrapnenne Bo3moxHocTel pacuaeTHx Momyieid. APDL. Cpenqa ANSYS Workbench. OcoberHOCTH
onrumu3zaiyy B ANSYS.»

3 KonrponbHas
pabora Nel Ne Bapuanra | Teopernueckas 4yacTb IIpakTnueckas 4actsb
Omnummte 6a30BbIE MOAXOIBI K
ABTOMAaTU3UPOBAHHOMY . .
DOCKTHDOBAHIIO Maremartudeckuii armapar Jist 00paboTKY CIydaiiHBIX BEJIMYHH, CPEIHEe
p P ’ apuMeTHIeCcKoe 3HaUeHNE, pa3Max, CpeiHee KBapaTHIeCKoe OTKIIOHEHHE KaK Mepa
Meto/ KOHEYHBIX 3JIEMEHTOB, CYTh N
1 paccerBaHUs CITy4aiiHOW BEJTMYHMHBI.
MeToJla, MaTeMaTHuKa MeTo/Ia. N
[IpuBenute GOpMyIIBI C TOSICHEHUSMH ISl TEXHOJIOTUYECKOr0 00beKkTa HeTera3oBon
KoHCcTpyKTHBHBIE 0COOEHHOCTH oTbACIH
000pyIoBaHus CHCTEMBI cOopa 1 P ’
MOATOTOBKU HeTH (Taza).
4 3ammra 3ananue:
nabopaTopHOi 1 INocTpouTs Mozens AByTaBpa ¢ IOMOIIBIO ONEPAllK BBLIABIMBAHMU 110 3aJaHHBIM pa3MepaM. [lnnHa ayraBpa coctasisteT 1000 Mm.
padotsr Nel
«OcBoeHune
OCHOBHBIX
orepauuit
TPEXMEPHOT 0
TBeppoTEeNBHOrO |
MOZEIUPOBAHNUS B
8
nporpamme DS
SolidWorks,
KOMIIAC 3D,
ANSYS»

L

PN

2. [TocTponTs MOZIENH N30THYTOTO IIBEJJIEPA C TOMOIIBI0 KHHEMAaTHYECKON OIEpaliy 110 3aJaHHBIM pa3Mepam.




3. TIOCTPOUTH MOJCIIb II€Pa JIOMMATKNU KOMIIPECCOpa € IMOMOIIBIO ON€pallu 110 CEYCHHUAM 110 3aIJaHHBIM pasMepaM. Henocraromue pasMepbL
MOXXHO BI:IGpaTL TIPOU3BOJIBHO, COXpaHssl CXOACTBO BHCIIHETO BUIA JIOIATKH. Paccrosinue MEXKAY IUIOCKOCTSIMU KOPHEBOI'O U

nepudepuiiHoro ceuenus cocraniser 200 MM.

Bonpocsr:
1. OMUIIUTE OTEePAINIO «BBIIABIUBAHICY.
2. OmNUIUTe ONEepanunio «BPAIICHUE.




3. OnuIuTe KHHEMAaTHIeCKYIO OTIEpPaITHio.

4. OnummTe Oreparyio «Io CEYSHUSIM.
3ammra 3aganue:
nabopaTopHOi 1 JOCTPOUTH MOJIENb Iepa JIONATKH KOMIIpeccopa Mo 3aJaHHbIM pa3MepaM. [lonka nomxyuaercs onepanueit BpamieHus Ha 60 1 uepTuTcs B
paboTter Ne2 KOPHEBOM CEYEHHH JIONATKH. PaccTosHue 0 OcH BpallleHus! OT HIDKHEH 9acTu Monku — 747 MM. XBOCTOBHUK YEPTHUTCS HUXKE IIOJIKH 110
«OcBoenne 3aJJaHHBIM pa3MepaM. BrlnaBnuBaHue XBOCTOBHKA OCYIIECTBISIETCA ¢ (QYHKIIUEH «uepe3 Beey. Jlanee Bce 00beIUHACTCS C IOMOLIBIO OyIeBOi
OCHOBHBIX orepanuy «00bEIMHEHUEY.
OyIeBBIX
orepanuii B
mnporpamme DS
SolidWorks,
KOMIIAC 3D,
ANSYS»




Bonpocsr:

1. OmnuIIMTe ONEPAIHIO KIIEPECETCHUSN.
2. OMnuIIMTE ONEPAITHIO «BBIYCTAHUS.
3. Onuiure onepanuo «00beInHEHUsD.

Pazpen 3 «Ilpumep ananuza u

ANSYS

OIITUMHU3AITUU 3JICMECHTOB KOHCTPYK_U,I/Iﬁ He(bTCI‘aSOBOI‘O 060py,[[0BaHI/I$I C IPUMEHEHUEM TIPOIrPpaMMHOI'0 KOMIUIEKCAa METOAAa KOH€YHBIX 3JIEMECHTOB

Mechanical. Pacuyer HanpsbkeHHO-1e() OpMUPOBAHHOTO COCTOSTHHS 3IEMEHTOB KOHCTPYKIIHH. »

6 KontponsHas Ne BapuanTa Teopernyeckas 4acTb [IpakTHyeckas 4acTb
padora Ne2 1. Cyrb konuenuuu «lIpoekTupoBanue u3aeanii Ha
OmumuTe ¢ MOSICHSHUSIMU JIEBATD IAroB PeLIeHHs 3a1aun
OCHOBaHHH PE3YJIbTaTOB HHKEHEPHBIX PacyeTOB».
. < HaIpsHKEHHO-1e()OPMUPOBAHHOT'O COCTOSIHHS 3JIEMEHTOB
1 2. Uudposoii nBOMHKK: cO3aHuUE, ONIPEICICHHE, CYTh METOa N
9 TEXHOJIOrnuecKkoro obopynosanus HedrerazoBoii orpaciu B [IK
3. TlepeMeHHbIC POEKTA - MAPAMETPHI MPOSKTHOM pa3paboTKu
MK?S ANSYS.
B [IK
7 3ammra 3amanue:
nabopaTopHoOi 1. HMITOPTHPOBATH MOJIENb paHee nocTpoenHoi B CAD-mporpamMme 1ByTaBpOBOi Oalku, MPOU3BECTH pacdeT Ha MPOYHOCTh U KECTKOCTH ITOA
pabotsr Ne3 JericteueM ecnu Beca P = 5 ToHH. Matepuai torxkepoHa — ctanb. Harpyska v Bec MOTyT MEHATBCS B 3aBUCUMOCTH OT 3aaHUSI.
«Pazpaborka
MEpPONPUATHI IO
obecreueHuIo
NPOYHOCTHU H
JKECTKOCTH
JIBYTaBPOBOU

OaJIKm»
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Bompoc:
Ha OCHOBaHMM pacyeTa, MpoaHaIM3UPOBaTh, KaKyl0 MAKCUMAJIbHYIO HArpy3KYy MOJKET BBIIEPIKATh 3JIEMEHT KOHCTPYKIIMHU IIPU Pa3HbIX 3aracax

TIPOYHOCTH IS U3 OCIINS.

3amura
mabopaTOPHOH
pabotsr Ned
«OcBOeHHE OCHOB

3amanue:
1 Pacuer vactor cobctBennbix konebannit (HCK) monarkn xommnpeccopa. [Ipoananusuposats 6 Husmmx YCK turanoBoii paboueit monatku

KOMITpeccopa MOCTPOEeHHOH B mporpamme 3D MoaennpoBaHus.
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Bonpocsr:
1. Ha OCHOBaHHUHM pacyera, IPOaHAIN3HPOBaTh, KAKYI0 MAKCUMANIBHYIO HATPY3Ky MOKET BBIIEPKATh AIEMEHT KOHCTPYKIIUH IIPH Pa3HBIX 3amacax
MIPOYHOCTH TSI U3/ICNHS.
2. Ha OCHOBaHHMHU PacueTa, MPOaHAIN3UPOBATh MPOBECTH ONTHMHU3AIMIO KOHCTPYKIMHU 110 MAacCO-Ta0apUTHBIM XapaKTepPUCTHKAM.

Pa3zmen 4 «I'eomerpuyeckas ONTUMHU3ALMS JIEMEHTOB KOHCTPYKLHI He(hTEra3oBoro 000pyJ0BaHuUs C IPUMEHEHHEM CIIENUAIbHBIX MOLYJICH CHCTEM aBTOMAaTH3HPOBAHHOTO
npoekrupoBanus Ha mpumepe CAIIP DS SolidWorks, ANSYS. Ipoure KOMIBIOTEpHBIE METOIbI M TEXHOJIOTHY aHAIN3a U ONTUMH3AINK KOHCTPYKINI HedrerazoBoro
obopynoBanus (cnenuanusupoBanHoe I10 Euler, Autodesk Simulation Multiphysics)»

9

3ammra
nabopaTopHoOn
padotsr N5
«OcBoeHre OCHOB
TEMIIEPATYPHOTO
pacyera u
COBMEILIEHHOI'O
TepMO-
KOHCTPYKIIMOHHO
T0 aHajn3a B
nporpamme
ANSYS
Workbench»»

3aganue:

1. MIPOBECTH TEMIIEPaTypHBIN pacueT CTEHBI ¥ ONPeNelIUTh TEMIIEPaTypy Ha ee BHyTpeHHEH MOBEPXHOCTH, €CIIU TeMIepaTypa Ha yauie tHap = -
30° C, Temmeparypa Bo3ayxa B KoMHaTe cocTapiser tkoMH = 22° C, ko3 (pULMEHT TEMIO0TAAYH O IPAHUIE BO3LYX — INajlkasi HOBEPXHOCTh
pasen k = 25 Br/m? x °C. ITapamerpsbl cTeHbL: BbicoTa b = 2,5 M, Tomusa h = 100 MM, mmuaa 1 = 6M. MaTtepuan cTeHbl — GETOH.
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10 3ammra 3ananue:
nabopaTopHOi 1. Ha ocHOBaHMHM poBeaeHHOro B JIPNeS TemmepaTypHOro pacuera onpeienuTs NOTpeOHYI0 TONIUHY OETOHHOM CTEHBI C YCIOBHEM, YTOOBI
pabotst Neb TeMIiepaTypa Ha BHYTpEHHEH ee moBepXHocTH coctaBuia t BHYT = 17 +19 C . [Ipoananu3upoBath Bce MaTepualibl B OMOIHOTEKE 3JIEMEHTOB
«Pacuer General materials u npeyIokuTh OoJiee MPEANOYTUTEIBHBIN C TOYKU 3PEHHS TEIIONPOBOIHOCTH MaTepUalia U pacCuUTaTh MOTPEOHYIO
HOTpeOHON TOJIIIMHY CTEHKH IS HETo.
TOJIINHBI CTEHBI
Ha OCHOBE
pe3yabTaToOB
TEPMHYECKOTO
aHaJIM3a»

11 IpesenTanms [1pe3enTanus NpoBOIUTCS IO TEMaM KypCOBOT'O ITPOEKTA.

12 OKx3aMeH Bonpockr Ha 3x3ameH:

1.
2.
3.

N OA

Merononorus u CTaAuHHOCTD POEKTUPOBAHUSI MAILIHBL.

Ormpenenenue MamuHbL. BHIbI 00IIeCTPOUTENIBHBIX U CIICIHAIBHBIX MALIHH.

MaremaTnueckuii anmapat i 00pabOTKH CIydallHBIX BEIMYHUH, CpefiHee apu(MeTHIEeCKOe 3HaUeHHE, pa3Max, CpelHee KBaApaTHIeCKoe
OTKJIOHEHHE KaK Mepa pacCeUBaHuUs CIIYYailHON BEIUYUHBI.

APDL (ANSYS Parametric Design Language), uctopus s3bIKa pOrpaMMHpPOBaHHMS, IPUMEHEHHE

CucteMHBIN aHAaM3, KO3(GHUIMEHT BapHaLMH, XapaKTePU3YIOLUIMI paccerBaHUe CITy4aifHON BEIMYUHBI C YUETOM CpEIHEH BEIMYHHEL
OGocHylTe TPHYKHBI OONBIIOH BapHaOeIbHOCTH COBPEMEHHBIX TEXHOJIOTMUECKUX CXeM cOopa, TIOArOTOBKH, TPAHCIOPTA M XPaHCHUS.
Ocobennoctn ontuMu3anyy B ANSYS.

Oco0eHHOCTH TPOSKTUPOBAHHUSI TEXHOJIOTHYECKOr0 000py10BaHMs HeyTera3oBoi oTpaciy.




5. MeToanuyeckue YKa3aHud 110 nmpoueaype ouncHuBaHus

OueHquue MEpONnpUATHS Hpoue}lypa IIPOBECACHHUSA OLICHOYHOI'0 MEPONIPUSATHS H HeOﬁXO}Il/leIe METOAUYCCKHE YKAa3aHUSA

1. Ompoc Omnpoc cTyAEHTOB MMPOBOAMTCS JJIsl OLIEHKH OOIIEro YpoBHS KOMITETeHINH, chopMupoBaHHbIX paHee B 1 cemectpe OOIT mo
Hanpasinernto 21.04.01 «HedrerasoBoe neno» B paMkax MOHUMaHMS IIEPBUYHBIX BOIIPOCOB O CBOMCTBAaX HE(THU U Ta3a,
MeToJIaX POSKTHPOBAHMUS, 3HAHUH CIIEIMAIM3UPOBAHHOTO IPOrPAaMMHOI0 00eCTIeUeHHSI.

2. 3ammra 1a00paTOPHBIX PadoT 3anmra 1ab0paTOpPHBIX PadOT MMPOBOIUTCS BO BPEMSI ayAUTOPHOH U CAMOCTOSATENILHOM pabOThI CTYAEHTOB.
CTy/neHTHI BHINOJHAIOT 33/IaHKE, paclieyaThlBalOT OTYETHI M CAAIOT Ha MPOBEPKY Mpernoaasarelno. OTBeYaoT Ha BOIIPOCHI
npenonasarens. Beero 6 JIb.
[Tpu BBIMONTHEHWH BCeX 3a/1aHKi M TTOJIHOM OTBETE Ha BOMPOCHI Tpernojasareis 3a onHy JIP crynent nonyuaer 10 Gamios.
Bce Bompock! st 3a1UThI 1a00OpaTOPHBIX Pa0OT Mpe/ICTaBICHbl Ha caliTe npernonaBarens (paszaen «YueOHO-MeTOANIeCKUi
MaTepua, noxpasen « MeTonuueckue yKa3zaHus), KOTOPBIH JOCTYIEH ISl CTYIEHTOB I10 CChIIKE:
https://portal.tpu.ru/SHARED/m/MKK

3. KoHnTposbHbIe paboTh KoHTposbHbIE paboThI TPOBOATCS Ha JIEKIHSX B TeYEHUE 15 MUHYT U IPH TIOTHOM OTBETE CTY/ICHTOB Ha ITOCTaBJICHHbIE
BOIIPOCHI, OLICHUBAETCS B 5 0a/uioB (BCEro 3aruiaHMpoOBaHoO 2 KOHTPOJIbHBIE PabOThI).
CTleeHTbI TFOTOBATCA Ha OCHOBE JICKIITMOHHOI'O MaT€pHrala, HOpMaTHBHO-TeXHquCKOﬁ JAOKYMEHTAIlUM U NIEPEIHSA BOIIPOCOB
it KP1 u KP2, npuBeaeHHOro Ha caiite mpernoaaBaTess (pa3aen «YueOHO-METOAMYCSCKIA MaTepHa, OApa3 Ieibl
«Metoanueckue ykazaHUsD», «JIeKIHm»), KOTOPBI TOCTYIIEH AJs CTYJCHTOB 110 CChUIKE:
https://portal.tpu.ru/SHARED/m/MKK

4, TectupoBanue TectupoBaHue NpoBOANTCA B Havase JIeKuuid B TedeHne 10MUHYT U IpH IOJTHOM OTBETE CTYIEHTOB HA IIOCTABJICHHBIE
BOIIPOCHI, OLIEHUBAETCS B 5 06aJUTOB (BCEro 3amIaHUpOBaHO 1 TecTupoBaHKE Ha TEOPETUIECKUX MAaTEpHal 10 pa3ieiy
HaJCKHOCTH U JOJITOBEYHOCTH MAIIHH U TEXHOJIOTHYECKOr0 000PYJ0BaHM).
CryzneHTbI TOTOBSITCS. HA OCHOBE JIEKLIMOHHOIO MaTepHalla, HOpMaTUBHO-TEXHUYECKON IOKYMEHTALIUH, TIPUBEJCHHOTO Ha
caiiTe mpernoaBaTens MO CChIIKE:
https://portal.tpu.ru/SHARED/m/MKK
Tak e TecTupoBaHue mpeaycMorpeHo Ha 6asze miatdopmsl LMS MOODLE Bo Bpemst ayIMTOPHOU M CaMOCTOSITEIbHOM
paboThI CTYyJEHTOB. Bee npe3eHTaly CTyAeHTHI TOKHBI BBUIOKHTH 110 CCBUIKE 3JIEKTPOHHOTO Kypca
https://stud.Ims.tpu.ru/course/view.php?id=2743 (3agarne Momysns 2, HTOTOBBIH TECT)

5. IIpesenranms (KOUIEKTHBHOE [Ipe3enTanus MpOBOAUTCS BO BpeMs ayAUTOPHOHN cTyAeHTOB. CTyIEHTHI OTBEYAIOT HA BOIPOCH! Apyr Apyra. Ilo

3aJJaHNE C B3aNMHBIM pe3ynbTaTtaM paboThl CTyAEHTHI MOTYT IOMY4YNTh JOIOJIHUTEIBHO 5 0aIoB.
peneH3upOBaHNEM )

6. OK3aMeH OK3aMeH B BUJIC OTBETOB HA 3K3aMEHAIOHHBIE OMIIETHI, IEPEIEHh OCHOBHBIX BOIPOCOB K KOTOPBIM MPEACTABISIETCS

MIPENoaBaTEIEM.
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