PefepanbHOE rocyaapcTBeHHOe GH0MKETHOE 06pa30BaTe/lbHOe yupexieHue
BbICLLEro 06pa3oBaHUA
«HOBOCUBUPCKIMIA FOCYAapPCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET»

Kadheapa NpoeKkTMpoBaHWs TEXHONOMMYECKUX MaLLWH

“YTBEPXXJOAIO”
OJEKAH MT®
K.T.H. TiopuH A. T".

OOKYMEHT MOAMVCAH MPOCTOW HEKBA/TU®ULIMPOBAHHOW
3NEKTPOHHOWM MNOAMCHIO
31.08.2022
Bnapgeneu: K.T.H. TiopuH A. T,
CpOK fIefiCTBMSA: He OrpaHnyeH

Agpec xpaHeHUs 3N1eKTPOHHOr0 AOKYMeHTa:
https://www.nstu.ru/university/info/sveden/education
PABOYAA ITPOITPAMMA JTWUCIHUITJIMHBI
KOMHL]OTeprle TE€XHOJOIHd B HAYKEC H MAIIHHOCTPOUTE/JILHOM IPOU3BOACTBE

Ob6paszoBatenbHas nporpammMa: 15.04.05 KOHCTPYKTOPCKO-TEXHOIOMMYeCKoe obecreveHune
MaLUVHOCTPOUTE/bHBLIX NMPOW3BOACTB, MarucTepckas nporpammMa: NMpoeKkTMpoBaHne TEXHOMIOMNYECKMX
MaLlvH

Kypc: 1, cemecTpbl : 12
MexaHUKO-TeXHOMOMMYeCKUiA (haKy/bTeT,

CemecTp

Ne Bup peatenbHocTU 1( 2

Bcero 3a4eTHbIX euHunL,
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2 | Bcero yvacos 72|72

3 Bcero 3aHsTWiIn B KOHTaKTHOM 33| 30

thopme, yac.

4 [ JNexkuun, yac. 010
MpakTnyeckune 3aHATUA, Yac. 18|18
JTabopaTopHble 3aHATKSA, Yac. 010

3 HYX B aKTV1BHOM 1
7 o 8|2
WHTEPaKTMBHO hopme, yac.
8 13 HUX NPaKTUYeCcKom ol1
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Paboyas nporpammMa cocTas/ieHa Ha OCHOBaHMM PefepasibHOro rocyAapCcTBeHHOro 06pa3oBaTe/lbHOro
cTaHAapTa BbicLLero obpasoBaHus Mo HanpasneHuio (cneyunanbHocTK): 15.04.05
KOHCTPYKTOPCKO-TEXHONOrMYeCKoe 0becreveHre MalMHOCTPOUTENbHbIX MPOU3BOACTB

&I OC BBefeH B AeicTre npukaszom Nel1045 ot 17.08.2020 r. , gata ytBepxaeHms: 09.09.2020 r.

MecCTo AUCUMNANHBI B CTPYKTYpe y4ebHOro nnaHa: bnok 1, popmmupyemas y4acTHMKaMm 06pa3oBaTe/ibHbIX
OTHOLUEHWI

Paboyas nporpammMa paspaboTaHa Ha OCHOBE KOMMETEHTHOCTHOM MOAENN BbINYCKHUKA MO HanpaBfeHNIo
(cneumansHocTh): 15.04.05 KOHCTPYKTOPCKO-TEXHO/IOTNYECKOE 0b6ecneyveHne MallMHOCTPOUTENIbHbIX
NMpou3BOACTB

Pa6ouasi nporpamma o6cyxeHa Ha 3acefjaHnn Kagepsbl

MTM, 31.08.2022

YTBepX/AeHa Ha COBETE MEXAHNKO-TEXHO/IOTMYECKOr0 (hakynbTeTa, NpoTokon Ne 6 ot 31.08.2022

3aBeaytoLumii Kadeapoii:
[IOLIEHT, K.T.H. AHNONbLCKNIA B. B.

OTBETCTBEHHbI 32 06pa30BaTe/bHY0 NMPOrpamMmy:

npoceccop VeaHumsckuin B. B.



1. BHewHe TpeboBaHWSA

Tabnuua 1.1

KomneTteHuumn

Mpynna

VIHAMKaTOPbI AOCTUXKEHUS] KOMMETEHLMIA

MK-1.B/T1IP Cnoco6eH BbIMOMHATL pa3paboTKy yHKLMOHaIbHOM, TOrMYeCcKoi,
MpodheccroHabHble TEXHWUYECKOW 11 3KOHOMMYECKOIA OpraHM3aLmmn MallMHOCTPOUTENbHbIX MPOU3BOACTB, NX
KOMNeTeHL 1N 31EMEHTOB, TEXHWYECKOTr0, a/ITOPUTMUYECKONO U NPOrpaMmmMHOro obecreyeHns Ha OCHOBE
COBPEMEHHbIX METOL0B, CPEACTB M TEXHOMOTMIA MPOEKTUPOBAHWS 1 aBTOMATM3aLMM

npon3soacTB

MK-1.B/T1P. 2 3HaeT MeTO/bl PELLEHMSI HAYYHbIX, TEXHUYECKMX, OPraHN3aLMOHHbIX
NpPo6/ieM KOHCTPYKTOPCKO-TEXHONOMMYECKOro obecrneyeHmst MalMHOCTPOUTENbHbIX

1 00paboTKM JaHHbIX

MK-1.B/TP. 5 ¥MmeeT ncnonb3oBaTb Npum peweHun 3agad CAIP, MHCTpYMeHTabHble
CUCTEMBI, A3bIKX NPOrPamMMMPOBaHUS, CUCTEMbI YNPaBIEHNS U KOHTPOS, CUCTEMbI cbopa

3afiayn C yHETOM TEXHOJIOTMYECKNX, KOHCTPYKTOPCKKX,

MpodheccnoHanbHbIe
KOMMETEHLMM

MPOEKTOB N UX PUCKN

MK-2.B/T1P CnocobeH y4acTBOBaThb B pa3paboTKe NPoeKToB, hOpMYyIMPOBaTb UX LIENN U

napaMeTpoB, pas3pabaTbiBaTh 0606LLEHHbIE BAPUAHTbI PELLEHNS MPOEKTHBIX 3343y U
BbIGMPATb ONTHMAa/bHbIE PELLIEHNS, pa3pabaTbiBaTh TEXHUUECKUE 3a4aHNs Ha Co3aaHe
HOBbIX N MO/IEPHM3ALIMIO CYLLIECTBYIOLLIMX MALLIMHOCTPOMUTE/bHBIX U3[ENNIA, YCTPOIACTB,
CPeaCTB U CUCTEM KOHCTPYKTOPCKO-TEXHOIOMMYECKOr0 06ecredeHus
MaLUMHOCTPOUTE/bHBLIX MPOW3BOACTB, NPOBOANUTL TEXHUYECKME PACUEThI MO BbIMO/HSEMbIM
MPOEKTaM, TEXHNKO-3KOHOMUYECKOMY 1 (hYHKLMOHA/IbHO-CTOMMOCTHOMY aHarnmsy
3heKTUBHOCTM NMPOEKTUPYEMbIX MALUIMHOCTPOUTENBHBLIX MPOW3BOACTB, CPEACTBAM 1
CMCTEMAM OCHaLLIEHWS!, MPOBOAUTL OLIEHKY VHHOBALMOHHOO MOTEHLMANA BbIMOHAEMbIX

JKCnnyaTtaunoHHbIX N NPOYNX

ynpaBneHMem, TEHAEHLIMW €ro pasBnTnA

MK-2.B/T1P. 2 3HaeT TEXHUKO-3KOHOMWNYECKWE NOKA3aTeNN, KpUTEPUM
paboTocnocobHOCTU, KOMMOHOBKM COBPEMEHHOIO 060PYA0BaHUSA C KOMIbIOTEPHBIM

3(h(PEKTUBHOCTb MHHOBALIUIA

MK-2.B/T1IP. 5 YMeeT ocyLLeCcTBAATL MHHOBALMOHHOE MPOEKTNPOBaHNE, OLLEHMBATb

MpodpeccroHanbHble MK-3.B/TIP CnocobeH ocyLLecTBAATL MPOGeCCUOHAIbHYIO AEATENILHOCTb C YHYETOM
KOMMETEHL MU PErvoHabHbIX 0COBEHHOCTE M NOTPEOHOCTEN paboToAaTeNei.

MK-3.B/T1P. 1 3HaeT cneumguKy coumaibHO-3KOHOMUYECKOro Pas3BUTUA U PbIHKA TPyaa B
0671aCTN NPOdecCHOHaNLHON AeATeNbHOCTW B CBOEM PETMOHE.

2. TpeboBaHna HI'TY K nnaHMpyembIM pesy/ibTaTam 00yyeHUsi, COOTHECEHHbIM C
NHAMKATOoPaMu AOCTUXEHNA KOMMETEHLMIA

Tabnuua 2.1

VIHAMKATOPbI AOCTMXKEHNSI KOMMETEeHLMIA

Pe3ynbTaTbl 06y4eHUs

PopmMbl OpraHmsaLnu
3aHATUN

IIK-1.B/IIP. 2 3naeT MeTo/AbI pelIeHUsI HAYYHBIX, TEXHHYECKHX,
OPraHH3aMUOHHBIX HP00JIeM KOHCTPYKTOPCKO-TEXHOJOTHIECKOT0
ofecnmeyeHusi MAIIHHOCTPONTEJIbHBIX IPOU3BOJCTB

0 npobemax 1 TeHAEHLMAX pa3BUTKS COBPeMeHHbIX CAE cncTeM, 0 Ha3HaueHUN U
0co6eHHOCTAX 0cHOBHbIX CAE cuctem, o cTpykType CAE- cuctem

[NpakTnyecKme 3aHATUS;
CamocTosaTe/ibHas paboTa

IIK-1.B/IIP. § YMeer ucnojib3oBath npu pemenun 3agay CAIIP,
HHCTPYMEHTAJIbHbIE CHCTEMBI, SI3bIKH MPOrPaMMHPOBAHUS, CHCTEMBI
ynpaBJeHHsI 1 KOHTPOJIsI, CHCTeMbI c00pa M 00pa00TKH JaHHBIX

YMETb MPUMEHSITb CTaHAAPTHbIE MPOrPaMMHbIe CPeaCTBa B 06/1acTy
KOHCTPYKTOPCKO-TEXHO/OMMYECKOro 06ecrneveHns MallMHOCTPOUTEbHbIX
MPOV3BO/CTE

MpaKTUYeCKme 3aHATUS;
CamocTosiTenbHas paboTa

3HaTb 0COBEHHOCTY CO3AaHMs rpaduyecKux Mogenei cpeacTBamm KOMNbIOTEPHONA
rpachukm

MNpakTnyeckme 3aHATUS;
CamocTosaTe/ibHasa paboTa

paboTbl B CAE cuctemax

MNpakTnyeckme 3aHATUS,;
CamocTonTenbHas paboTa




IK-2.B/TIP. 2 3naeT TeXHHKO-I)KOHOMHUYEeCKHE MMOKA3aTel, KPUTEPUH
paéoTocmocoGHOCTH, KOMIIOHOBKH COBPEMEHHOI0 000py/I0BaHHSA C
KOMIBbIOTePHBIM yIIPaBJIeHHEM, TeHICHIHHA ero Pa3sBUTHS

3HaeT METOAbI ONTUMa/IbHOIr0 NMPOEKTMPOBaHNA MalllMH N MEXaHN3MOB

MpaKTnyecKne 3aHATUS;
CamocTosaTenbHas paborta

IIK-2.B/IIP. S YMeeT ocymecTBIASITH HHHOBAIHOHHOE NIPOEKTHPOBaHHUeE,
oneHUBATh 3¢ PeKTHBHOCTH HHHOBAIMIA

3HaTb NMPUHLUNUIMBI NOCTPOEHUA Mo,qene|7|; €nocobbl MaTeMaTUYeCKOro onmcaHus

lNpakTnyecKme 3aHATUS,;
CamocTosaTe/ibHas paboTa

3HaeT METOAbI pacyeTa Y3/10B 1 AeTaeil MallMH Ha MPOYHOCTb M XKECTKOCTb

MNpakTnyecKme 3aHATUS;
CamocTosTe/ibHasa paboTa

IK-3.B/IIP. 1 3naeTt cnenupuKy conuaIbHO-IKOHOMHYECKOI0 Pa3BUTHSA U
PBIHKA TPy/Aa B 06/1acTH npodeccHoHAIbHOIH 1eATeJLHOCTH B CBOECM PernoHe.

MPUMEHSITb CMIPABOYHYIO 1 TEXHWUYECKYIO IMTepaTypy

MNpakTnyeckme 3aHATUS;
CamocToaTeNibHas paboTa

3. CogeprkaHune 1 CTPYKTypa ANCUUMNIIUHDI

Tabnuua 3.1
Tembl NPaKTUYECKNX W3 tnx B A ViHpnKaTopsl
parTh Uace! |(opue npair. | (SSERE | gocrikenna | YueGHas 1EATENbHOCTb
saHATN MoAr., vac. | komneTteHunii
Cemectp: 1

AnpakTnyeckas eguHuya: KomnbloTepHbIi aHanus B cpege APM WinMachine

1. MNpakTrKa KOMMbITEPHOro
aHanu3sa B cpege APM
WinMachine. Pa6oTa ¢
npoektom 8 APM
WinMachine.

MK-1.B/IP.2
,MK-1.B/MNP.
5,MK-2.B/T1P

CTyAeHTbI 3HaKOMATCSA C
rpacmyeckum nHTepgeicom
kommnekca APM

CTaTMCTUYECKMIA aHaNn3 .2,MK-2.B/T1 |WinMachine n ¢
HanpPs»KeHHOro COCTOSAHUA. P.5,MK-3.B/ [0CHOBHbIMK NpueMamu
YnpasneHve matepuanamm u Mnpe.1 paboThbl B HEM.

NX CBOMCTBaMU. Harpysku un
rpaHUYHbIe YCNOBUS.




2. PacyeT cTaHAapTHbIX
COEIVIHEHWIA 3/1EMEHTOB
CTaHOYHbIX NPUBOAOB. PacueT
TUMOBbIX 3/1EMEHTOB
CTaHOYHbIX NPUBOAOB.

MK-1.B/MP.5

,MK-2.B/T1P.

2,MK-2.B/TTP

5,MK-3.B/MN
P.1

CTyfieHTbI BbINOMHAT
rpynnoBble 3afaHuns Mo
MOCTPOEHUIO MPOEKTOB AN
pacyeTa: CoefJMHEHMA C
HaTAroM; KOHUYECKOTO
COeAVHEHNS; COeiMHEHMA
NPU3MaTNYECKOIA LLNOHKOW;
COEAVNHEHNS CErMEHTHO
LUMOHKOM; NPSMO60YHOr0
LUNNLEBOTO COBUHEHUS;
3BO/IbBEHTHOrO LUNLEBOTO
COEAVNHEHNS; TPEYrO/IbHOro
LUNLEBOTO COEANHEHUS;
NpM3MaTNYecKoro
NPO(UILHOIO COeANHEHMS;
Pe3b60BbIX COEANHEHNIA;
CBapHbIX COEANHEHNIA.
CTyAeHTbI BbINONHAOT
rpynnoBble 3a4aHns no
MOCTPOEHMIO MPOEKTOB AN
pacuerta: 1) Basia Ha
YCTaNIOCTHYIO MPOYHOCTD; 2)
pacuyeTa paguanbHoro
NOALUMMHMKA CKOMbXEHUS,
paboTaloLLEro B pexxmnme
YXMAKOCTHOrO TpeHus; 3)
NOALIMMNHNKOB KayeHus; 4)
yNpyrux anNeMeHTOB MallyH:
MPOEKTUPOBOYHbIN pacyeT
MPYXXMHbI CXXaTWs KPYrnoro
MOMepeyHOro ceyeHus;
MPOBEPOYHbIN pacyeT
MPY>XUHbI CXXaTWs KPYraoro
MOMepeyHOro ceyeHus;
MPOEKTUPOBOYHBIA pacyeT
MPY>XWUHbI CXaTnA
KBagpaTHOro nonepeyHoro
CeYeHs; MPOEKTUPOBOUHbII
pacyeT NpY>XX1HbI
pacTsXXEHWS KPYrnoro
MOMepeyHOro CeYeHuns;
MPOEKTUPOBOYHBIIA pacyeT
MPY>XXUHbI KpyYeHs
KpYrnoro nonepeyHoro
ceyeHms.




3. PacyeT nepeaatoyHbIX
MEeXaH13MOB CTaHOYHbIX
npvBOAOB

MNK-1.B/MP.5

,[1K-2.B/T1P.

2,MK-2.B/TP

5,MK-3.B/M
P.1

CTyfieHTbI BbINOMHAT
rpynnoBble 3a4aHns no
MOCTPOEHUIO NPOEKTOB ANSA:
1) NPOEKTUPOBOYHOIO
pacyeTa 3y64aToii
LMTMHAPUYECKON
npamo3y6oi1 (koco3y6oit)
nepeaayy BHeLIHEro
3auenneHus; 2)
MPOEKTUPOBOYHOIO pacyeTa
3y64aToii KOHUYeCKOW
OPTOroHaNbHOW nepefayn ¢
npsambiMy (KpyroebimMu)
3y6bamu; 3)
MPOEKTUPOBOYHOIO pacyeTa
YyepBAYHOI Nepeaaun; 4)
MPOEKTUPOBOYHOIO pacyeTa
KIMHOPEMEeHHOM nepejayu;
5) NpOeKTMPOBOYHOTO
pacyeTa LiernHoi nepefayun.

AnpakTnyeckasi egMHMLA: KoMnbloTepHbIi aHanms B cpefie ANSYS

4. TpaKTUKa KOMMbIOTEPHOIO
aHanusa B cpege ANSYS.
Pa6oTa ¢ npoekTom B ANSYSS.
YnpasneHve matepuanamu 1
1X cBOWCTBaMM. Harpysku un
rpaHNYHbIe YCroBuKs.

MNK-1.B/Mp.2
,MMK-1.B/T1P.
5,MK-2.B/TP
2,MK-2.B/M
P.5,MK-3.B/

Mpe.1

CTyAeHTbl 3HaKOMSTCS C
rpagmyeckum nHTepdencom
komnnekca ANSYS n ¢
OCHOBHbIMM MpriemMamu
paboTbl B HEM.

CemecTp: 2

Jnpaktunyeckasa eanHuua: KoHeYHo-3/1eMeHTHOE MOAeIMpoBaHmne 6a30BbIX 3/1EMEHTOB CTAHOYHOM

CNCTEMDI

5. CTaTUCTUYECKWIA aHaNn3
Hanpsa>XeHHOro CoCToAHNA
KOHCTPYKTUBHbIX 3/IEMEHTOB
CTaHO4YHbIX NpMBOAOB

MK-1.B/MP.5

,MK-2.B/TP.

2,MK-2.B/TP

.5,MK-3.B/M
P.1

CTyA€eHTbI BbINONHAOT
rpynnoBble 3aaHns no
MOCTPOEHUIO MPOEKTOB A/15
BbIMOJIHEHUA
CTaTUCTMYECKOro aHanmn3a
HanpsXXeHHOr 0 COCTOSHNSA
matepuana: 1)paspaboTka
mMaTeMaTMU4ecKoin Mogenu
(npenpoueccuHr),
nocTpoeHune 3D mogenu
06beKTa U MMMOPTUPOBaHME
B cpeay ANSYS; 2) paboTa
B 6a3e faHHbIX MaTepnanos
- yrpas/ieHne MaTepuanamm
¥ UX CBOWCTBamM; 3)
reHepaums
KOHEYHO-3/1EMEHTHO
CETKM; 4) HauasbHble 1
rpaHWyHble YCoBums; 5)
HacTpoiika pewuatens v
06paboTKa pesynbTaToB
peLeHuns
(NOCTNPOLIECCUHT).




6. MpenpoveccuHr un
reHepauus
KOHEYHO-3/IEMEHTHOMN CETKM

MNK-1.B/Mp.2

,MK-1.B/T1P.

2 5,MK-2.B/TP

5,MK-3.B/M
P.1

3aHMMaKoTCA NOAroTOBKOW
MOZE/NN K pacyeTy:
TpaHCNMPOBaHwMe B
npenpoLeccop
reoMeTpUYecKov Moaenm
pacuMTbIBAEMOro 06beKTa
(paboTa B DesignModeler);
3aflaHne KOHTaKTHbIX
MOBEPXHOCTENA; reHepauus
KOHEYHO-3/1EMEHTHOW CETKM
(Meshing).

7. TennoBoW aHanun3

MK-1.B/TP.5
2 ,M1K-2.B/T1P.
8]

CTy[IEHTbI 3aHUMAKOTCS
CTaLMOHAPHbIM TEMN/OBbLIM
aHa/IM30M

8. MoganbHbIii aHanm3

MK-1.B/TP.5

,[1K-2.B/T1P.

2 2,MK-2.B/T1P

5,MK-3.B/M
P.1

AHanm3 cBo60AHbIX
MEeXaHWYeCKNX KonebaHmi

AvpakTnyeckas eanHuua: CTaTucTuyeckas o6paboTka pe3y/ibTaToB Mofe/IMpPoBaHus

CraTtncTnyeckast 0bpaboTka

MK-1.B/MP.5
K-2.B/r1p, |Pe3y/IbTaToB
9. O6paboTKa pe3y/bTaToB 5 2 MK-2.B/1P MOJeNNpoBaHus B
MOZENNPOBaHNSA 5 [K-3 B/ |POrPaMMHbIX KOMMeKcax
" P 1' TableCurve 2D u
' TableCurve 3D
3.1 MNpaKTnyeckaa NoaroToBka
Tabnmuya 3.2
No TeMbl 3aHSTWIA q)OprI OpraHvI/I3aLI,VII/I COAep)KaHMG HpaKTMHeCKOVI noaroToBkKn
3aHATUIA (Bngbl pabor)
1 CTaTMCTUYECKUIA aHa/IM3 HanpPsHXKEHHOTo Mp BbInonHseT cnepytoLme bl pador:

CTaHOYHbIX NPUBOAOB

COCTOAHNA KOHCTPYKTUBHbIX 3/IEMEHTOB

NpVBOAOB

CTY/AEHTbI MPaKTUKYHOTCS B NPOBEAEHNN
CTaTNYECKOro aHanmnaa
HanpsXKeHHO-e(hOPMMPOBAHHOT O
COCTOSIHMS! 3/IEMEHTOB CTaHOUHbIX

3.2 CamocToATeNbHas paboTa 0by4yaroLerocs

Tabnuua 3.3

No Buabl camocTosATeNIbHOW paboThbl

MNHamkaTtopsl
BOCTVDKEHNS
KOMMETEeHLWI

Yacbl Ha Yacbl Ha

BbIMOJ/IHEHWE |[KOHCY/IbTaLNn

CemecTp: 1

1 |PI3/Pethepar

MK-1.B/MP.5,MN

K-2.B/TP.2,MK-
2.B/MNP.5,MK-3.

B/INMP.1

29 11




MogrotoBka 3D Mofeneli pacunTbiBaEMbIX 06bEKTOB CPeACTBaMMN COBPEMEHHBIX CUCTEM
aBToMaTu3npoBaHHOro npoektuposanHms (CAD-cuctem): Komnac, SolidWorks, SolidEdge, NX,
PowerShape n 1.4. OnpegeneHne macca LeHTPOBOYHBIX XapakTepmucTuk (MLLX) 06beKTOB pacyeTa.
Pa3zpaboTka Mogenu (npenpoueccuHr). HacTpoiika pelartens n pewleHve. OnvcaHune
(PU3NKO-MEeXaHNYECKMX U TENN0-(PU3NYECKMX XapaKTEPUCTUK MaTepuana u BHECEHME B PaCHETHbI NPOEKT.
HasHauyeHmne Harpy3oK 1 rpaH1YHbIX ycioBmin. O6paboTKa pesynbTaToB (MOCTNPOLECCHHr). CornacHo
BblZaHHbIM MCXOLHbIM AaHHbIM cpegctBaMyn ANSY'S n WinMachine ocyLLecTBUTb MPOEKTUPOBOYHbIE
pacyeTbl KOHCTPYKTUBHbIX 3/1eMEHTOB NPK1BOLA TEXHOMOMMYecKoro obopygosanus.: Ckuba B. HO.
KOMMbIOTEpPHbIE TEXHONOTMN B HAYKe N MaLLMHOCTPOUTENbHOM NPOM3BOACTBE [DNEKTPOHHLIN pecypc] :
3NIEKTPOHHBIV y4ebHO-MeToaMYecKmin komnneke / B. KO. Cknba ; HoBocu6. roc. TexH. yH-T. - HoBocmGupcek,
[2017]. - Pexkum pocTtyna: http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ skpaHa. Cknba B.
HO. PacueT 1 KOHCTPYMpOBaHWe CTaHOYHOr0 060pyL0BaHNSA [SNEKTPOHHLIN Pecypc] : 3NeKTPOHHbIN
yuebHO-MeTOAMYecKuiA Komnneke / B. FO. Ckuba ; HoBocmb. roc. TexH. yH-T. - HoBocubupcek, [2017]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234166. - 3arn. ¢ skpaHa. Cknba B. tO.
CuUCTeMbI KOMMbIOTEPHOM MOALEPXKKM UHXEHEPHBIX PELUEHWI [DNeKTPOHHBIN pecypc] : 3NeKTPOHHBbIV
yyebHO-MeToAMYecKuin komnnekce / B. KO. Cknba ; HoBocu6. roc. TexH. yH-T. - HoBocubmpck, [2017]. -
Pexxum pgoctyna: http://elibrary.nstu.ru/source?bib_id=vtls000233947. - 3arn. ¢ skpaHa. Cknba B. HO.
MatemaTnyeckoe MOAeIMPOBaHWe 1 ONTUMU3ALIMA TEXHONOMMYECKUX NPOLLECCOB [3NeKTPOHHBI pecypc] :
3NEKTPOHHBIV y4ebHO-MeToaMYecKmin komnneke / B. KO. Cknba ; HoBocu6. roc. TexH. yH-T. - HoBocmbumpcek,
[2017]. - Pexkum pocTtyna: http://elibrary.nstu.ru/source?bib_id=vtls000233909. - 3arn. ¢ 3KpaHa.

MNK-1.B/MP.2,M
K-1.B/IP.5,MK-
2 |lMoproTtoBka K 3aHATUAM 2.B/MP.2,MK-2.15 1
B/MP.5,MK-3.B/
Mne.1

MoLroToBKa K 3aHATUAM BK/IHOHaeT B cebs NpopaboTKy TeM NIEKLMOHHOIO Matepuana, T.e. 4OMNOSHeHNe
KOHCMeKTa maTtepuanammn 13 peKoMeHL0BaHHON NUTepaTypbl, HOPMaTUBHbIX OKYMEHTOB, 3/IEKTPOHHOIO
pecypca u cetn NHTepHeT.: Cknba B. KO. KoMnbloTepHbIe TEXHOMOMMM B HayKe U MallMHOCTPOUTEIbHOM
NPOM3BOACTBE [SNEKTPOHHBINA pecypc] : 3MeKTPOHHbIN yuebHO-MeToAMYecKuiA Komnneke / B. FO. Ckuba ;
HoBocmb. roc. TexH. yH-T. - HoBocubnpck, [2017]. - Pexxum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ akpaHa. Ckuba B. FO. PacueTt n
KOHCTPYMpPOBaHWe CTaHOYHOTO 060pYyA0BaHNs [SNeKTPOHHBIW pecypc] : 3N1eKTPOHHbIN
yuebHo-meToan4Yecknii komnnekc / B. KO. Ckunba ; HoBocu6. roc. TexH. yH-T. - HoBocnbupck, [2017]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234166. - 3arn. ¢ skpaHa. OpraHu3zauus
CaMoCTOsTe/IbHOM paboThbl CTyLeHTOB HOBOCHBMPCKOro rocy4apCTBEHHOr0 TEXHNYECKOr0 YHNUBEPCUTETA :
MEeTOAMYECKOE PYKOBOACTBO / HOBOCKMO. roc. TexH. yH-T ; [cocT.: KO. B. HukutuH, T. KO. CypHuHa]. -
Hosocunbupck, 2016. - 19, [1] c. : Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234042 Ckunba B. FO. CrcTeMbl KOMMbIOTEPHOW NOAAEPXKKN
NHXXEHEPHbIX PEeLLEHN [DNeKTPOHHbIN pecypc] : 3NeKTPOHHbIN y4ebHO-MeToanYecKniA komniekc / B. HO.
Ckuba ; HoBocmO. roc. TexH. yH-T. - HoBocnbupck, [2017]. - Pexxum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000233947. - 3arn. ¢ sKpaHa.

MK-1.B/MP.2,M
K-1.B/IP.5,MK-
3 |MoaroToBKa K atTectaymm 2.B/MP.2,MK-2. |5 1
B/T1P.5,MNK-3.B/
Mp.1

CocTaBneHne NNaHOB M TE31COB OTBETOB Ha KOHTPO/IbHbIE BOMPOChI; KOHCMEKTMPOBaHWE AONOMHUTENbHBIX
matepuanos.: Ckuba B. HO. KOMNblOTEPHbIE TEXHONOMMMN B HayKe W MaLLMHOCTPOUTE/IbHOM NPOM3BO/ACTBE
[ONeKTPOHHBI pecypc] : aNeKTPOHHBbIN y4ebHO-MeToaNYecKMiA Komnneke / B. KO. Ckuba ; HoBocu6. roc.
TeXH. YH-T. - HoBocmbupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234723.
- 3arn. ¢ sKpaHa.

CemecTtp: 2
MK-1.B/MP.5,MN
1 |Pra/Pepepar géxﬁfonspnzr?g 2t S
B/MP.1




MogrotoBka 3D Mofenelt pacunTbIBaEMbIX 06bEKTOB CPeACTBaMMN COBPEMEHHBIX CUCTEM
aBTOMaTM3npoBaHHOro npoektuposaHms (CAD-cuctem): Komnac, SolidWorks, SolidEdge, NX,
PowerShape n 1.4. OnpegeneHne macca LeHTPOBOYHBIX XapakTepmucTuk (MLX) 06beKTOB pacyeTa.
PaspaboTka Mogenu (npenpoueccuHr). Hactpolika peluatens u pelweHne. OnucaHue
(PU3NKO-MEXAHNYECKMX W TEMNO-(PU3NYECKMX XapaKTEPUCTUK MaTepuana n BHECEHME B PACHETHbI NMPOEKT.
HasHauyeHune Harpy3oK 1 rpaH1UYHbIX ycioBumin. O6paboTKa pe3ynbTaToB (MOCTNPOLECCUHr). CornacHo
BblaHHbIM UCXOAHBIM AaHHbIM cpegcTBaMu ANSY'S 1 WinMachine ocyLLecTBUTb NPOEKTUPOBOYHbIE
pacyeTbl KOHCTPYKTMBHbIX 3/1EMEHTOB NPUBOLA TEXHOMOMMYeCKOro o6opyaosaHus. ObpaboTka
pe3ynbTaToB MaTeMaTUYECKOr0 SKCNepuMeHTa B NporpaMmHbIX Komnnnekcax TableCurve 2D u TableCurve
3D. HaxoxpeHue Lenesoi yHKUmMM. ONTUMM3aLmsa reomeTpuyeckmx napametpos.: Ckuba B. FO. Pacuet un
KOHCTPYMpOBaHWe CTaHOYHOT0 060pYyA0BaHNs [SNeKTPOHHBIW pecypc] : 3N1eKTPOHHbIN
yuebHo-meToanuYecknii komnnekc / B. KO. Ckunba ; HoBocK6. roc. TexH. yH-T. - HoBocnbupck, [2017]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234166. - 3arn. ¢ skpaHa. Cknba B. HO.
KOMMbIOTepPHbIE TEXHONOTMN B HAyKe N MaLLMHOCTPOUTENbHOM NPOM3BOACTBE [DNEKTPOHHbIN pecypc] :
3NIEKTPOHHBIV y4ebHO-MeToaMYecKmin komnneke / B. KO. Cknba ; HoBocu6. roc. TexH. yH-T. - HoBocmMGupcek,
[2017]. - Pexkum pocTtyna: http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ skpaHa. Cknba B.
FO. MaTemaTnyeckoe MOZeNIMPOBaHNe U ONTUMMU3ALLSA TEXHOMOMMYECKMNX NMPOLLECCOB [3NEKTPOHHBIN
pecypc] : 3N1eKTPOHHLIN y4e6HO-MeToAMYecKuiA Komnieke / B. KO. Ckuba ; HoBocu6. roc. TeXH. YH-T. -
HoBsocubupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000233909. - 3arn. ¢
akpaHa. Ckunba B. FO. CucTeMbl KOMMbIOTEPHOW NOAAEPIKKN UHXEHEPHBIX PELUEHWI [DNeKTPOHHbII
pecypc] : 3NeKTPOHHbIN yuebHO-MeToAMYecKmMin Komnnekce / B. KO. Cknba ; HoBocub. roc. TexH. yH-T. -
Hosocubupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000233947. - 3arn. ¢
3KpaHa.

MNK-1.B/MP.2,M
K-1.B/MP.5,MK-
2 |loaroToBKa K 3aHATUAM 2.B/MP.2,MK-2.15 1
B/INP.5,MK-3.B/
Mne.1

MoLroToBKa K 3aHATUAM BK/IHOHaeT B cebs NpopaboTKy TeM NIEKLMOHHOIO Matepuana, T.e. 4OMNOSHeHNe
KOHCMeKTa MaTtepuanammn 13 peKoMeHL0BaHHON NnTepaTypbl, HOPMaTUBHbIX OKYMEHTOB, 3/IEKTPOHHOIO
pecypca u cetn NHTepHeT.: Cknba B. KO. KoMnbloTepHbIe TEXHOOMMM B HayKe U MallMHOCTPOUTEIbHOM
NPOM3BOACTBE [SNEKTPOHHBINA pecypc] : 3MeKTPOHHbIN yuebHO-MeToAMYecKuii Komnneke / B. FO. Ckunba ;
HoBocmb. roc. TexH. yH-T. - HoBocubupck, [2017]. - Pexum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ akpaHa. Ckuba B. FO. PacueTt n
KOHCTPYMpPOBaHWe CTaHOYHOTO 060pYyA0BaHNs [SNeKTPOHHBIW pecypc] : 3N1eKTPOHHbIN
yuebHo-meToAnuYecknii komnnekc / B. KO. Ckunba ; HoBocu6. roc. TexH. yH-T. - HoBocnbupck, [2017]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234166. - 3arn. ¢ skpaHa. OpraHuzauus
CaMoCTOsTe/IbHOM paboThbl CTyLeHTOB HOBOCHBMPCKOro rocy4apCTBEHHOr0 TEXHNYECKOr0 YHNUBEPCUTETA :
MEeTOAMYECKOE PYKOBOACTBO / HOBOCKMO. roc. TexH. yH-T ; [cocT.: KO. B. HukutuH, T. FO. CypHuHa]. -
Hosocunbupck, 2016. - 19, [1] ¢. : Tabn.. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234042 Ckunba B. FO. CrcTeMbl KOMMbIOTEPHOW NOAAEPXKKM
NHXXEHEPHbIX PEeLLEeHN [DNeKTPOHHbIN pecypc] : 3NeKTPOHHbIN y4e6HO-MeToanYecKniA komnekc / B. HO.
Ckuba ; HoBocmO. roc. TexH. yH-T. - HoBocnbupck, [2017]. - Pexxum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtIs000233947. - 3arn. ¢ akpaHa. Ckunba B. KO. MaTtematunueckoe
MOZE/IMPOBaHNE 1 ONTUMU3ALLMA TEXHONOTNYECKUX MPOLLECCOB [SNEKTPOHHDIN pecypc] : 3N1eKTPOHHBI
yuebHo-meTOoAmM4Yecknin komnnekc / B. KO. Ckunba ; HoBocu6. roc. TexH. yH-T. - HoBocnbupck, [2017]. -
Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000233909. - 3arn. ¢ sKpaHa.

MK-1.B/MP.2,N
K-1.B/MP.5,MK-
3 |lMoproTtoBka K arTectaymm 2.B/MP.2,MK-2. |10 1
B/INP.5,MK-3.B/
Mnp.1




CocTaBneHue NnaHoB 1 TE3COB OTBETOB Ha KOHTPO/IbHbIE BOMPOChI; KOHCMEKTMPOBaHWE AOMOHUTENbHBIX
matepuanos.: Ckuba B. FO. PacueT 1 KOHCTPyMpOBaHWe CTAHOYHOIr0 060pyL0BaHNSA [ONEKTPOHHBLIN
pecypc] : 3N1eKTPOHHLIN y4e6HO-MeToAMYecKuiA Komnieke / B. KO. Ckuba ; HoBocu6. roc. TeXH. YH-T. -
HoBsocnbupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234166. - 3arn. ¢
aKkpaHa. Ckunba B. FO. KOMMbIOTEPHbIE TEXHO/IOMMN B HAYKe Y MaLLMHOCTPOUTE/TbHOM NPOU3BOLCTBE
[GneKTPOHHBIN pecypc] : aNeKTPOHHBIA y4ebHO-MeToANYeCcKMiA komnneke / B. KO. Ckuba ; HoBocu6. roc.
TeXH. YH-T. - HoBocubupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000234723.
- 3arn. ¢ akpaHa. Ckunba B. FO. CucTeMbl KOMNbIOTEPHOW NOAAEPXKKN UHXKEHEPHBIX PeLLEeHNI
[3neKTpOHHbIV pecypc] : 3NeKTPOHHBIA y4yebHO-MeToanuYecKuin Komnnekc / B. KO. Cknba ; HoBocu6. roc.
TeXH. YH-T. - HoBocmbupck, [2017]. - Pexxum goctyna: http://elibrary.nstu.ru/source?bib_id=vtls000233947.
- 3arn. ¢ akpaHa. Ckunba B. KO. MaTemaTnyeckoe MoAenMpoBaHne N ONTUMM3aLLUSA TEXHONOMMYECKNX
MPOLLECCOB [DNEKTPOHHBIV pecypc] : 3NeKTPOHHBIA y4ebHO-MeToanYecKuin komneke / B. HO. Ckuba ;
HoBocmb. roc. TexH. yH-T. - HoBocubupck, [2017]. - Pexum gocTyna:
http://elibrary.nstu.ru/source?bib_id=vtls000233909. - 3arn. ¢ sKpaHa.

3.3 TexHonorusa oby4eHns

[ns opraHn3aumm 1 KOHTPOA CaMOCTOATE/IbHOM paboTbl 00yYaroLWMXCS, a TaKKe NPOBeAeHNSs
KOHCYNbTaUuiA NPUMEHSIOTCA MHPOPMaLMOHHO-KOMMYHUKALMOHHbIE TEXHONOrMK (Tabn. 3.4).

Tabnuua 3.4
[enaTenbHOCTb VIHhopMaLMOHHO-KOMMYHUKALMOHHbIE TEXHO/IOT K
e-mail:skiba@corp.nstu.ru; JINYHbIA TUNOBOW
canT:http://ciu.nstu.ru/kaf/persons/20541; Cpefa 3neKTPOHHOro
VHpopmumpoBaHme 06yueHs
HI' TY:http://dispace.edu.nstu.ru/didesk/course/show/2456
e-mail:skiba@corp.nstu.ru; CounansHble ceTn:vk.com; Cpeaa
KOHCYIbTUDOBAHME 3/1IEKTPOHHOr 0 06y4YeHns
y P HI TY:http://dispace.edu.nstu.ru/didesk/course/show/2456;
YaT:Skype: skeeba vadim
KOHTDOS e-mail:skiba@corp.nstu.ru; Cpega 3neKTpoOHHOIo 06yyeHuns
P HI' TY:http://dispace.edu.nstu.ru/didesk/course/show/2456
PasmeLLeHne y4ebHbIX MopTtan HI'TY; Cpefa 3M1eKTPOHHOro 00y4eHus
marTepvanoB HI TY:http://dispace.edu.nstu.ru/didesk/course/show/2456; 96C

Tabnuua 3.5

AKTVIBHbIE 1 MHTEPAKTVBHbIE DOPMbI MPOBEAEHNS 3aHATUI

Ne HanmeHoBaHMe akTUBHbIX hopM Koﬂigﬁggrezﬂﬁe#blx
MK-1.B/MP MNMK-2.B/MP
L |Auckycens MK-3.B/MP

dopmupyembie ymenusi: 1. 3HaeT ciennuKy COLMATBHO-I)KOHOMHYECKOTO PA3BUTHS U PHIHKA
Tpyza B o0nactu mpoheCCUOHATBHOU AeSITELHOCTA B CBOEM PETHOHE.; 2. 3HAET METOBI PELIeHUS
HAYYHBIX, TEXHUYECKHUX, OPTaHU3ALNOHHBIX MPOOJIeM KOHCTPYKTOPCKO-TEXHOIOT HUECKOTO
obecrieueHrs MATUHOCTPOUTENTBHBIX MMPOU3BOACTB; 2. 3HAET TEXHUKO-IKOHOMUYECKHE
MOKAa3aTeNn, KpUTePHUH pabOTOCTIOCOOHOCTH, KOMITOHOBKH COBPEMEHHOTO 000PYAOBaHUS C
KOMIIBIOTEPHBIM YIPABIECHUEM, TEHACHIINH €T0 Pa3BUTHS, 5. YMEET UCIOIB30BaTh MPU PEIICHUHN
3agau CAIIP, mHCTpyMeHTATbHBIE CUCTEMBI, SI3BIKU POTPAMMHUPOBAHUS, CHCTEMBI YIIPABICHUS U
KOHTPOJISI, CUCTEMBI cOOpa 1 00pabOTKM JAaHHBIX; 5. YMeeT OCymeCTBIATh MHHOBAIIMOHHOE
NPOEKTUPOBAHUE, OLleHUBATh () (HEKTUBHOCTH MHHOBALHIA

Kpartkoe onucanne npumenenns: OOCyxaeHne 00MNX MPUHLINAIIOB CO3MAaHUS MaTeMaTHIECKUX
Mozenell TOBeACHUS PACCUNTHIBAEMbIX M3AeNHil 1 MaTepuanoB. OCOOEHHOCTH MPOSKTUPOBAHUS U
pacdeTa geTajieill MalivH.




4. MpaBuna aTTecTauun 06y4yatoLLMXCsi Mo AUCLUNINHE

[ns atTecTaymmn obyyarowmxca no AUCUMNINHe Ucnonb3yetcs 6anbHO-penTUHIOBas c1UcTeMa
(BPC), no3BonsoLWwas BbICTaBSATb OLEHKMN MO TPaaULMOHHON LKane 1 15-ypoBHeBoit ECTS.

KpaTkast nHchopmaums o bBPC npusegeHa B Tabn. 4.1.

Tabnuua 4.1
MuH. .
OueHunBaeMble BUAbI LeATeTbHOCTM 06y4aroLmxcs 6ann MakcumasibHbI 6asn
CemecTp: 1
IIpakxmuueckue 3anamus: 20 40

KoHTponupytoLme matepuansl npuBogaTes B “Ckuba B. KO. KoMNbloTepHble TEXHONOTMW B HayKe U MalLMHOCTPOUTENbHOM NPOU3BOACTBE [DNeKTPOHHBIV pecypc] :
3NEKTPOHHBII yue6HO-MeToAMYecKmMiA komnneke / B. FO. Ckunba ; HoBocuG. roc. TexH. yH-T. - HoBocmbmpek, [2017]. - Pexxum goctyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ 3kpaHa."

PI3/Pegepam: | 20 40

KoHTponmpytoLme MaTepuasibl NpuBoAsTes B "Ckuba B. KO. KOMMbIOTEPHbIE TEXHOMOTMN B HAYKe 11 MALLMHOCTPOUTENbHOM NPOV3BOACTBE [DNEKTPOHHBIN pecypc] :
9N1eKTPOHHBIN y4ebHO-MeToAnYeckmnii komnnekce / B. KO. Ckunba ; HoBocub. roc. TexH. yH-T. - HoBocnbmpcek, [2017]. - Pexxnm gocTtyna:

http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ aKpaHa."
10 20

Savem:

KoHTponupytowme matepuanbl npuBogaTes B “"Cknba B. KO. KoMnbloTepHbIe TEXHONOTMN B HayKe U MaLLMHOCTPOUTENbHOM NPOU3BOACTBE [DNeKTPOHHBIV pecypc] :
3N1eKTPOHHBIN y4e6HO-MeToAnYecKmMiA komnnekc / B. KO. Ckunba ; HoBocuG. roc. TexH. yH-T. - HoBocmbmpcek, [2017]. - Pexxvm gocTtyna:
http://elibrary.nstu.ru/source?bib id=vtls000234723. - 3ar/. ¢ 3KpaHa."

CemecTp: 2

Hpammmecxue 3AHAMUA.

20 40

KoHTponupytoLme matepuansl npusogaTes B “Cknba B. KO. KoMNbloTepHbIe TEXHONOTMW B HayKe U MalLMHOCTPOUTENbHOM NPOU3BOACTBE [DNeKTPOHHBI pecypc] :
3N1eKTPOHHBII yue6HO-MeToAMYecKmMiA komnneke / B. KO. Ckunba ; HoBocuG. roc. TexH. yH-T. - HoBocmbmpek, [2017]. - Pexxum gocTtyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ 3kpaHa."

PI3/Peghepam: | 20 40

KoHTponmpytoLme MaTepuasbl NpuBoAsTes B "Ckuba B. KO. KOMMbIOTEPHbIE TEXHOMOTMN B HAYKe 11 MALLMHOCTPOUTENLHOM MPOM3BOACTBE [SNEKTPOHHBIN pecypc] :
3N1eKTPOHHBIN y4ebHO-MeToAnYeckmnii komnnekce / B. KO. Ckunba ; HoBocub. roc. TexH. yH-T. - HoBocnbmpcek, [2017]. - Pexxnm gocTtyna:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3arn. ¢ 9KpaHa."

3avem: | 10 | 20

B Tabnuue 4.2 npefcTaBieHo COOTBETCTBYE POPM KOHTPO/IS 3asB/IsieMbIM TPeGOBaHMSAM K
pe3ynbTaTaM OCBOEHMUS AUCLUNNHBI.

Tabnuua 4.2
Dopmbl
Kopel N KOHTponA
KomneTeH MNHaMKaTopbl LOCTUXEHNSA KOMMNETEHLNI
4 3awmTta
unia prap | 3auer

MK-1.B/ |K-1.B/MNP 2. 3HaeT MeTo/bl PELLEHNS HAyUYHbIX, TEXHUYECKMX, OPraHn3aLMoHHbIX NPo6/em
MNP  |KOHCTPYKTOPCKO-TEXHONOMMYECKOro 0becneyeHmns MallMHOCTPOUTENbHBIX MPOU3BOACTB

MK-1.B/T1IP 5. ¥MeeT ncnonb3osaTb Npu peweHnmn 3agad CAlMP, MHCTpPyMeHTaNbHbIE
CUCTEMbI, A3bIKX NPOrPaMMUPOBAHNS, CUCTEMbI YPABNEHWA U KOHTPOAS, CUCTEMbI COOpa 1 + +
00paboTKMN AaHHbIX

MNK-2.B/ MK-2.B/T1P 2. 3HaeT TEXHUKO-3KOHOMWYECKWE NMOKa3aTen, Kputepun paboTocrnoco6HOCTH,

KOMMOHOBKMW COBPEMEHHOIO 060PYA0BaHNSA C KOMMbIOTEPHBLIM YpaBIeHNeM, TEHAEHLUN ero + +
rnP
pasBuTUs
MK-2.B/T1P 5. ¥YMeeT ocyLecTBASTb MHHOBALMOHHOE MPOEKTMPOBaHMe, OLeHMBATb + +
3(hheKTUBHOCTb MHHOBALIWIA
MK-3.B/ |MK-3.B/MP 1. 3HaeT cneyuguKy coLyanibHO-3KOHOMIUYECKOTO PasBUTUS U pbiHKa Tpyaa B + +

MP |obnacTv NpoghecCMOHa/IbHON AeATeNbHOCTU B CBOEM PETVOHE.




®OH[, OLEHOYHBIX CPEACTB MO AVUCLMN/IMHE NPeACTaBNeH B MPUIoXeHWn Ne 1 K paboueit
nporpamMme.

5. Jlutepatypa

OcHoBHas nMTepaTypa
1. ITpucekun B. JI. OCHOBBI MeTO1a KOHEUHBIX JIEMEHTOB B MEXaHHKe Ne()OPMUPYEMBIX T :
[yueOnuk] / B. JI. Ilpucekun, I'. K. Pactopryes. - HoBocuoupck, 2010. - 237 c. : wi.. - Pexxum
mocryma: http://elibrary nstu.ru/source?bib _1d=vtls00012583 1

JononHnTenbHas nimTepaTypa

1. Tunaukos J[. B. ABTOMaTH3MpOBaHHOE MPOSKTUPOBAHUE AETANEH CI0KHON T€OMETPUH C
UCTIOB30BaHuEM mporpammHoro mpoaykra PowerSHAPE : [ciipaBounoe moco6ue] / 1. B.
Tunaankos, B. B. UBanmusckuii ; HoBocu6. roc. TexH. yH-T. - HoBocubupck, 2007. - 64, [2] c. :
ui.. - Pexxum moctyma: http://elibrary nstu.ru/source?bib_1d=vtls000069943

2. UsnukoB C. HO. OCHOBBI KOHEUHO-3JIEMEHTHOTO MoeupoBanus B cuctemMe ANSYS : yueGHOe
nmocobue / C. 0. Usnukos ; HoBocu®. roc. TexH. yH-T. - HoBocubOupck, 2007. - 66, [1] c. : un.. -
Pesxum moctyna: http://elibrary.nstu.ru/source?bib_1d=vtls000077935. - MaHOBanoHHas
obpasoarensHas porpamma HI'TY "Bricokue TexHomorum".

3. Madenci E. The Finite Element Method and Applications in Engineering Using Ansys®
[electronic resource] / / by Erdogan Madenci, Ibrahim Guven. - Boston, MA :, 2006. : v.: digital //
Springer e-books. - Pesxum noctyma: http://dx.doi.org/10.1007/978-0-387-28290-9

VIHTepHeT-pecypchl

1. [TopTran MmammHOCTpOEHMS [ DIIEKTPOHHEIHN pecypc|: HCTOYHHK OTpaciieBoi nHpopmamuu. - 2017.
- Pexxum poctyma : http://www.mashportal.ru. - 3arun. ¢ 3xpana.

6. MeToaun4eckoe 1 NporpaMMHoe obecriedeHme, NHHOPMAaLIMOHHbIE TEXHOIOM NN

6.1 MeToaunYeckoe obecreyeHne
1. Opranu3zamus caMOCTOSATEIbHOI padoThI cTyAeHTOB HOBOCHOMPCKOro rocy1apCTBEHHOTO
TEXHUYECKOTO YHUBEPCUTETA | METOAMUYECKOE pykoBoacTBO / HoBocuO. roc. TexH. yH-T ; [cocr.: FO.
B. Huxkutus, T. FO. Cypaunal. - HoBocubupcek, 2016. - 19, [1] c. : Tabm.. - Pexxum moctyma:
http://elibrary.nstu.ru/source?bib_id=vtls000234042
2. Cxuba B. H0. MaTemaTndeckoe MOIETMPOBAHUE U ONTUMHU3AIUS TEXHOIOTHUECKUX MPOIIECCOB
[DnexTpoHHEII pecypc] : aMeKTpOHHbBIN yueOHO-MeToanueckuii komrieke / B. FO. Ckuba ;
HoBocwu6. roc. TexH. yH-T. - HoBocubupck, [2017]. - Pexxum goctyma:
http://elibrary.nstu.ru/source?bib_id=vtls000233909. - 3ara. ¢ sxpaHa.
3. Cxuba B. 1O. CucteMbl KOMIIBIOTEPHO MOAIEPKKH HHKEHEPHBIX PeleHni [ DIeKTpOHHBIH
pecypc] : aneKkTpoHHBIN yueOHO-MeToanueckuii komrieke / B. FO. Ckuba ; HoBocu0. roc. TexH.
yH-T. - HoBocubupck, [2017]. - Pexxum noctyna:
http://elibrary.nstu.ru/source?bib_1d=vtls000233947. - 3arx. ¢ skpaHa.
4. Cxuba B. FO. Pacuet u KoHCTpyupOBaHUE CTAHOYHOTO 000PYyaO0BaHUs [ DIEKTPOHHBIN pecypc] :
3JIEKTPOHHBIN yueOHO-MeToanueckuii komrieke / B. FO. Ckuba ; HoBocu6. roc. TexH. yH-T. -
Hoocubupck, [2017]. - Pesxxum goctyma: http://elibrary.nstu.ru/source?bib_id=vtls000234166. -
3ary. ¢ 9KpaHa.
5. Cxuba B. I0. KomnproTepHble TEXHOJIOTUH B HAYKE U MAITUHOCTPOUTETHFHOM IIPOU3BOJICTBE
[DneKxTpoHHEI pecypc] : 3MeKTpOHHBIN yueOHO-MeToarmueckuit kommuieke / B. FO. Ckuoa ;
HoBocu6. roc. TexH. yH-T. - HoBocuGupck, [2017]. - Pexxum goctyma:
http://elibrary.nstu.ru/source?bib_id=vtls000234723. - 3ara. ¢ 3xpaHa.
6. I'mnera B. I1. OcHOBBI MpOEKTUPOBAHUS M KOHCTPYUPOBAHUS MAIIUH [ DJIEKTPOHHBIN pecypc] :
3MIEKTPOHHBIN yueOHO-MeToquueckuit komriekc / B. I1. 'mera ; HoBocu®6. roc. TexH. yH-T. -
Hosocubupck, [2011]. - Pesxum moctyma: http://elibrary.nstu.ru/source?bib_id=vtls000162751. -
3ar. ¢ 9KpaHa.



7. OCHOBBI IPOEKTHPOBAHUS U KOHCTPYUPOBAHUS MAILIUH . METOANYECKHE YKAa3aHUS K KYPCOBOMY
NpoeKTUPOBaHUIO A7s 3a04HOi popmbr MTD, ®JIA u 3@ / HoBocub. roc. TexH. yH-T ; [cocT.: B.
I1. I'mmera un ap.]. - HoBocubupck, 2014. - 50, [1] ¢. : un., Tabmn.. - Pexxum gocryma:
http://elibrary.nstu.ru/source?bib_i1d=vtls00020784 1

8. Uecos 0. C. Kunematuueckuii pacyer mpuBOAa TJIABHOTO ABIKEHUS METAJUTOPEIKY X
cTaHkoB : yueOHoe mocooue / FO. C. Yécos ; HoBocu®. roc. TexH. yH-T. - HoBocubupck, 2013. - 79
C. : mi., Tabu.. - Pesxum mocryma: http://elibrary.nstu.ru/source?bib_id=vtls000184533

9. YUycosutun H. A. OCHOBBI MPOEKTUPOBAHUS U KOHCTPYHUPOBAHUS MAIINH [ DIeKTPOHHBIN
pecypc] : 3nmeKTpoHHbIN yueOHO-MeToquueckuii komruiekc / H. A. Uycosutun ; HoBocu®. roc.
TexH. YH-T. - HoBocubupck, [2011]. - Pexxum goctyma:
http://elibrary.nstu.ru/source?bib_id=vtls000155592. - 3ara. ¢ sxpana.

6.2 Cneumann3npoBaHHOe NporpamMmmHoe obecrneyeHme
1 Habop uHCTPpyMEHTOB MHKeHepHOTO MoaenupoBanust ANSYS Ansys Academic Research

2 xomruiekcHoe [1O 17151 aBTOMaTU3UPOBAHHOTO PacyeTa U MPOEKTUPOBAHNKS B MATUHOCTPOEHUHU U
crpoutensctee OO0 HIIIT “Mogens” APM WinMachine

3 Tpexmepuoe moaenupoBanue 00bekToB ACKOH Kommac 3D
4 Cucrema TpexmepHoro monenuposanus SolidWorks, Waltham, Massachusetts, USA SolidWorks
5 Cucrema aBTOMaTU3UPOBaHHOTO MpoekTupoBanus Siemens PLM Software SolidEdge

6 CAD/CAM/CAE naxkeT nporpaMMHOT0 o0ecreueHus AJis1 POMBIIUIeHHbIX npeanpustuii 000
"Cumenc ITponmakr Jlaiidcaitkn Menemxkment Codtaep (PY)" NX

7 Cratuctuyeckas 00paboTKa dKCIepUMeHTaIbHbIX JaHHBIX TableCurve 2D
8 Cratuctuyeckas 00paboTka 3KcriepuMeHTanbHbIX naHHbIX TableCurve 3D

6.3 NHhopMaLmoHHble TEXHONOornm

Mpw ocyLecTBIeHNM 06pa3oBaTebHOro Npouecca no ANCUMUMANHE NPUMEHSOTCS 3/1EMEHTI
ANCTaHLMOHHbLIX 06pa3oBaTelbHbIX TEXHOMOMMIA, @ TAKXKE CUHXPOHHOMO U aCUHXPOHHOIO
B3aMMO/ENCTBUS B 3/IEKTPOHHOW MH(OpMaLMOHHO-06pa3oBaTenibHol cpeabl HITY.

7. MaTepuranbHO-TeXHMYECKOE 0becneyeHmne

Komnnekt o6opynosaHus

Ne HanmeHoBaHMe HasHa4yeHune
1 |KomnbloTepHbIin KnaccNe6 NpoBefeHMe NEKUNOHHbIX, NPaKTUYECKMX 1
NabopaTopHbIX 3aHATUN.

CneuuanbHoe o6opysoBaHme

Ne HanmeHoBaHue Ha3HauyeHue

1 |MpoekTtop BenQ W1200 DLP 1800 ANSI [lns NpoBefeHNs 3aHATWIA CO CTYAeHTaMm
1080P(k.5,ayA.250)
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1. O000meHnHas cTPYKTYpPa (POHIA OLEHOYHBIX CPEICTB JUCHUILINHBI

O06oOmenHass CcTpykTypa (OHJa OIICHOYHBIX CpPEICTB MO AucHumIuHe KommbroTepHbie
TEXHOJIOTMH B HayKe W MAaITMHOCTPOUTEIBHOM MPOU3BOJCTBE MpencTaBicHa B Tadmuie. COBOKYITHOCTh
pe3ysbTaToB OOYUYEHHS IO TUCIMILIMHE COOTHECCHA C YPOBHSIMH CHOPMHPOBAHHOCTH KOMIICTCHIIMH H
COOTHCCCHHBIMHX C HHUMH HHIUKATOpAMU. I/IHIII/IKaTOpBI JOCTUKCHU A KOMHCTCHL{I/IfI HU3MCPACMBI C
MIOMOIIIBI0  CPEJCTB TEKYIIEH M TNPOMEXKYTOYHOH aTTecTalud 1o AucuunauHe KoMmbroTepHbie
TCXHOJIOTHHU B HAYKC U MAIIIMHOCTPOUTCIIbHOM ITPOU3BOJACTBC.

Tabnuna

JTanbl OLEHKH Pe3yJIbTATOB 00y4eHus 1
COOTHECEHHBIX ¢ HUMHM HHANKATOPOB
JOCTHKEHHs KOMIIeTeHIM i

Meponpusitus
dDopmupyeMble HNupukatopsl TeMbr TeKyLIero
KOMIIeTeHIIUU KOMIeTeHIuii KOHTPOJIst IIpome:xyTounas
(xoHTpOJBbHAS aTrecraunus
pabora, KypcoBoii | (3k3ameH, 3a4eT)
npoekrt, PI'3(P),
pedepar u ap.)
[IK-1.B/TP Cmocober|2. 3HaeT METOIBI [IpakTuka KOMITIBIOTEPHOTO
BBITIOJTHATH pelIeHNs HAyIHBIX, ananmm3a B cpege ANSYS. Pabora
pa3paboTKy TEXHUYIECKHUX, ¢ mpoektom B ANSYS.
(yHKIIMOHATIBHOH, OpraHU3aIMOHHBIX VYnpaBneHne MaTepuagaMu M HX
JIOTUYECKOH, npoGiiem CBOMICTBaMH. Harpy3ku U
TEXHUYECKOU U |KOHCTPYKTOPCKO- rpaHu4Hble ycnoBus. IIpaktuka
9KOHOMHUYECKOH TEXHOJIOTUYECKOTO KOMITBIOTEPHOTO aHajIu3a B Cpesie
OpraHM3aI[iu obecrieueHust APM  WinMachine. PaGorta c 3auer (1 cemectp) —
MalInHOCTPOUTENBHBIX | MAIIIMHOCTPOUTENBHBIX [ ipoekToM B APM WinMachine. Borpocsl 1-30
MPOU3BOJICTB, WX |IPOM3BOACTB CraTtncTnieckui aHaJIM3 PI3
3JIEMEHTOB, HaIpsKEHHOTO COCTOSTHUS. 3auer (2 cemectp) —
TEXHUYECKOTO, VYnpasneHne MatepuaIaMu M HX Borpocsl 1-30
QITOPUTMUYECKOTO U CBOHCTBaMH. Harpysku u
MPOrPaMMHOTO TpaHUYHbIC YCIIOBHA.
obecrieueHus Ha [Mpenporieccuar u  reHepanms
OCHOBE COBPEMEHHBIX KOHEYHO-3JIEMEHTHON CETKH
METOJIOB, CPEICTB U
TEXHOJIOT Uil
MPOEKTUPOBAHHS u
ABTOMATH3aLIUH
TK-1.B/TIP 5. Ymeer Mopnanbueiii ananu3z OOpaboTka
UCIIOJIb30BaTh MPU pe3yJbTaToB MO/ICTTUPOBAHHUS
peIIeHUH 33139 ITpakTuka KOMITBIOTEPHOTO
CAIIP, ananmm3a B cpege ANSYS. Pabora
HHCTpYMEHTaJbHBIE |c  mpoektoM B ANSYS.
CHUCTEMBI, S3bIKA VYnpasneHne MatepuaIaMu M HX
NIPOTrpaMMHPOBAHUs, |CBOWCTBAMH. Harpysku u
CHCTEMBI yIIPaBJIEHUs |IpaHnYHble ycinoBus. IlpakTHka
U KOHTPOJIsI, CHCTEMBI | KOMITHIOTCPHOTO aHaIH3a B CPe/e Sauer (1 cemectp) —
cbopa u 00paboTKH APM  WinMachine. PaGora c
. . Borpocsl 1-30
JIAHHBIX npoekroM B APM WinMachine.
CraTuctudeckuit aHanmm3 PI3
3auer (2 cemectp) —
HAIpPSHKEHHOTO COCTOSTHHSI.
Borpocsl 1-30
VYipasneHue MarepuagaMu U HUX
CBOMCTBaMH. Harpy3ku u
TrpaHUYHbIC YCIIOBHSL.
[Mpenpornieccuar u  reHepanms
KOHEYHO-3JIEMEHTHOU CEeTKH
Pacuer riepe1aTOuHbIX
MEXaHN3MOB CTaHOYHBIX
npuBoAoB Pacyer cTaHmapTHBIX
COEIMHEHHH 3JIEMEHTOB
CTaHOYHBIX mpuBoAoB. Pacuer

2




THUIIOBBIX 3JICMCHTOB CTAaHOYHBIX

MIPUBOJIOB. CraTuctuaeckuit
aHam3 HaTPSHKCHHOTO
COCTOSIHUS KOHCTPYKTHBHBIX

AIIEMEHTOB CTAHOYHBIX IPHBOIOB
TemnmoBoit ananmm3

TIK-2.B/TIIP Cmocoben

2. 3HaeT TEXHUKO-

Mopnaneupiii anammz O6paboTka

y4acTBOBAaTh B|9KOHOMHYECKHE pe3yJbTaToB MOICJTUPOBAHUS
pa3paboTKe MpPOEKTOB, |ToKa3areny, kpurepuu |[IpakTuka KOMIBIOTEPHOTO
dbopmynupoBats  ux|paboTtocnocobHocTH, |aHanm3a B cpene ANSYS. Pabora
Henmu M 3aJa4d  C|KOMIIOHOBKH ¢ mpoektom B ANSYS.
y4eTOM COBPEMEHHOTO VipaBieHHe MaTepHaniaMu M UX
TEXHOJIOTUUECKHX, o0opynoBaHus ¢ CBOHCTBaMH. Harpysku u
KOHCTPYKTOPCKHX, KOMIBIOTEPHBIM rpaHU4HbIe ycioBUs. [lpakTuka
9KCIUTyaTAallHOHHBIX M |yNpaBJICHUEM, KOMIIBIOTEPHOTO aHaJlu3a B cpele
NpPOYNX  TAPaMETPOB, | TEHICHIMHU €ro APM WinMachine. Pabora c
pa3pabaThIBaTh pasBUTHS npoekroM B APM WinMachine.
00001IeHHBIE CraTtucTnieckui aHaJM3
BapHaHTBl  PEIICHUS HAaIpsHKSHHOTO COCTOSIHUISL.
NPOEKTHBIX 3a7ad | YupapineHue MaTepHanaMu U UX
BBIOMPATH CBOMICTBaMH. Harpy3ku U
OINITUMAJIbHBIC rpaHuyYHbBle  ycioBus. Pacuer
peuieHus, nepeaTouHbIX MEXaHH3MOB
pa3pabaTbIBaTh CTaHOYHBIX MpHBOJOB Pacuer
TEXHUYECKUE 3aJlaHus CTaH/IapTHBIX COeIMHEHU I
Ha CO3/aHHE HOBBIX U JJIEMEHTOB CTaHOYHBIX
MOJICPHH3ALINIO NpUBOJIOB.  Pacyer  THIOBBIX
CYILECTBYIOLINX JJIEMEHTOB CTAHOUHBIX 3auer (1 cemectp) —
MalIHHOCTPOUTEIBHBIX HPHBOJIOB. CratucTHYecKui
o o Borpocsl 1-30
W3JeNNH, YCTPOWCTB, aHaIN3 HAaIPSHKCHHOTO
CpPEICTB U  CHCTEM COCTOSIHUS KOHCTPYKTHUBHBIX PI'3 3auer (2 cemectp) —
KOHCTPYKTOPCKO- 3JIEMEHTOB CTAHOYHBIX IPHBOJIOB
Borpocsl 1-30
TEXHOJIOTHYECKOTO
obecrieyeHus
MAaIIHHOCTPOUTEIBHBIX
MPOU3BOJICTB,
HPOBOJIUTH
TEXHUYECKUE PacyeThl
1o BBITIOJTHSIEMBIM
NPOSKTAaM,  TEXHUKO-
9KOHOMHYECKOMY  H
(hyHKIIMOHATHHO-
CTOMMOCTHOMY
aHaIHn3y
3G GEKTUBHOCTH
TPOEKTHPYEMBIX
MAaIIHHOCTPOUTEIBHBIX
MPOU3BOJICTB,
Cpe/CTBaM M CUCTEMaM
OCHAILICHUS,
HPOBOAUTD OLICHKY
MHHOBALMOHHOT'O
noTeHIHUaa
BBITIOJTHSIEMBIX
MPOEKTOB M UX PHUCKH
[IK-2.B/TIP 5. ¥Ymeer
OCYIIIECTBIISATH 3auer (1 cemectp) —
HHHOBAIIHOHHOE Bompockr 1-30
MIPOEKTUPOBAHHE, PI3 PI3
OLIEHHBATh 3auer (2 cemectp) —
3¢ PEeKTUBHOCTH Borpocsl 1-30
MHHOBAILIUHA
I[K-3.B/ITP Cnocobex|1. 3naer cneundpuky |(Monamsueiii ananmusz OOpaboTtka PI3 3auer (1 cemectp) —

OCYIIECTBIISTH

COLMAJIbHO-

PE3yJILTAaTOB MOJCJINPOBAHUS

Bornpocs! 1-30




HpO(l)eCCI/IOHaHI)HyIO 9KOHOMHUYECCKOTO HpaKTI/IKa KOMIBIOTECPHOT'O

JICSITEIBHOCTD C|pa3BUTHS U PHIHKA anamusa B cpege ANSYS. Pabora 3aver (2 cemectp) —
YYETOM PErHOHAJBHBIX |Tpyaa B 001aCTH ¢ mpoektom B ANSYS. Bonpocsl 1-30
0COOEHHOCTEH v |npodecCHoOHANBHONH | YIIpaBJieHHe MaTepuajaMu U UX

noTpedHOCTeH JIESITEIBHOCTHU B CBOEM |CBOICTBaMH. Harpy3zku u

paboronmareneii. peruoHe. rpaHuyHble ycioBus. Ilpaktuxa

KOMIBIOTEPHOTO aHalK3a B cpefe
APM WinMachine. Pabora c
npoekroM B APM WinMachine.

CraTtuctuueckuit aHanu3
HaNpsKEHHOTO COCTOSIHHUS.
VYnpaBneHue marepuanaMu U UX
CBOMCTBaMH. Harpy3zku u
TpaHUYIHBIC YCIOBHA.
[IpenponieccuHr ©  reHepauus
KOHEYHO-3JIEMEHTHON CETKHU
Pacuer NepeNaTOYHbIX
MEXaHN3MOB CTaHOYHBIX
npHUBOIOB PacueT craHmapTHBIX
COCIMHEHU I 3JIEMEHTOB

CTaHOYHBIX TIIPUBOJOB. Pacuer
THIIOBBIX 3JICMCHTOB CTAHOYHBIX

MIPUBOJIOB. CraTHCTHYECKHIT
aHaJIN3 HaTIPSHKCHHOTO
COCTOSIHUS KOHCTPYKTHBHBIX

DJICMCHTOB CTAHOYHBIX NIPHUBOAOB

2. MeTtoauka OlleHKH 3TanoB ()OPMHPOBAHUS KOMIETEHIHHA MO TMCIUTLINHE

Pesynbrartel 0OyueHUs MO [UCUUIUIMHE, COOTHECEHHBIE C YCTAHOBJICHHBIMH B MPOrpaMMe
WHIUKATOPaMH JOCTH)KCHUS KOMIICTCHIIMH IPOBEPSIOTCS IMPU IMPOBEICHUU MEPOIPHITHA TEKYIICH
aTTecTaluu (KOHTPOJIs) B MpOIlecce M3YUeHUsI TUCIIUIUIMHBI, YKa3aHHBIX B Tabnule paszaena 1.

B 1 cemectpe oO0s3arenpHBIM 3TaloM TEKYIIEW aTTECTAllUU SIBJISETCS pacyeTHO-Tpaduyeckoe
3ananue (pabora) (PI'3(P)). TpebGomanuss k BwimonHeHuto PI'3(P), coctaB u mpaBuia OIECHKH
chopmynupoBansl B macnopte PI'3(P).

B 2 cemectpe 00s3aTenbHBIM 3TaloM TeKyIIeW aTTecTallMd SIBJSIETCS pacdyeTHO-Tpaduueckoe
3amganue (padora) (PI'3(P)). TpebGoBanust k BbemosHenutro PI'3(P), cocraB W mpaBuia OLIEHKH
chopmynupoanbl B maciopte PI'3(P).

[IpomexxyTouHast aTTecTals 1Mo AMCUMILIMHE TTpoBoauTCsA B 1 cemectpe - B ¢opme 3adeTa, B 2
cemMecTpe - B popMe 3aueTa, KOTOPBIA HAMpaBIIeH Ha OIEHKY C(hOPMUPOBAHHOCTH PE3YJIbTATOB OOYUYCHHS
MO JUCIUIUIMHE (MOYJI0), COOTHECEHHBIX C YCTAHOBJIEHHBIMU B MPOTPaMMe WHIUKATOPAMHU JTOCTHKEHHS
komnetenmmii  [IK-1.B/TTP, T1K-2.B/TIP, TIK-3.B/IIP u COOTHECEHHBIX C HUMH HHIUKATOPOB. (CM.
TabauIy pasaena 1).

3ader (1 cemecTp) MPOBOAMUTCS B YCTHOM M MUChbMEHHOM opMme, 1o OmteraM. Ha 3adere ctyaeHTy
BBIIae€TCSl OWIIET, BKIIOYAIONIMA 2 Bompoca. PacmpeneneHue AUIAKTUYECKUX €IUHUI] MO MPOBEPSIEMBIM
KOMITETCHIIMSIM yKa3aHo B Ta0muie «O0oO0meHHas cTpykTypa ¢GoHAa OIEHOYHBIX CPENICTB y4eOHOM
TUCIUIIIMHED. TpeOoBaHUs K IOMYCKY CTYJIEHTOB K C/aue 3a4eTa, COCTaB OujeTa U KpUTEPUU OLIEHKH Ha
3a4yeTe MPUBEICHBI B MACTIOPTE 3a4eTa.

3aueT (2 cemecTp) MPOBOJUTCS B YCTHOM M MUChbMEHHOH dopMme, o Omiietam. Ha 3adere cTyaeHTy
BBIZIACTCS OWJIET, BKJIIOUAIONMMKA 2 Borpoca. Pacipenenenue TuAaKTUYECKUX €IUHUIL TIO MPOBEPSEMBIM
KOMIETeHIUSIM yKa3aHo B Tabmure «OO0o00mieHHas CTpykTypa (oHIa OLIEHOYHBIX CPEACTB Yy4eOHOM
JTUCIUTITUHEI. TpeOoBaHMS K TOMYCKY CTYJEHTOB K c/layue 3aueTa, COCTaB OWJIeTa U KPUTEPUH OIICHKH Ha
3a4€Te NPUBEICHBI B IACIIOPTE 3a4eTa.

OOuye mpaBuia BBICTABICHUS OLEHOK TEKYLIEH M MPOMEKYTOUHON aTTeCTAllUU MO AUCLUILINHE
OTIpeNeNAI0TCs OAUIbHO-PEUTHHTOBON CHCTEMOH, MPUBEIEHHON B paboyeil mporpaMMe AUCIUTUINHBL.




Ha ocHoBanum KpuTepueB, MPUBEACHHBIX B II. 3, OCYIIECTBIIICTCS OIEHKA YPOBHEH JOCTUTHYTHIX
pe3yabTaTOB  O0ydeHUS M0 JHUCIMIUIMHE, COOTHECEHHBIX C YCTAaHOBJIICHHBIMA B TIIPOTpaMme
uHAnKaTopamu noctwkeHus kommerenuuid I1K-1.B/TTP, TIK-2.B/IIP, IIK-3.B/IIP, 3akpemuieHHBIX 3a
NYCIIAIIIIMHOM.

3. OO0mas xapakTepucTHKA YPOBHeH pe3yJbTaTOB 00y4eHHs, COOTHECEHHBIX ¢ HHAUKATOPaAMH
JOCTHKeHUS KOMIIeTeHIIUIA

IIponBunyThIii. TeopeTHueckoe  COINEpKAHUE Kypca  OCBOEGHO  IOJMHOCTbIO.  CTyneHT
JIEMOHCTPUPYET CHUCTEMAaTHYECKOEe U IJIyOOKOe IMOHMMaHHE y4yeOHOro MaTepuala M CHOCOOHOCTh K
CaMOCTOSITETIbHOMY TIOTIOJHEHUIO M OOHOBJICHHMIO 3HAHMM B XoJe JaibHeimmeidl yueOHOMl padoThl u
npodeccnoHanbHON nesTenpHocTH. CHOpMUPOBaHBI HEOOXOIUMBIE HABBIKU MpaKkTHUecKoi paboTel. Bee
yueOHbIe 3aJJaHHs, TPEYCMOTPEHHBIE IPOTPAMMOIl 00y4eHHsI, BBIITOJHEHBI KAYECTBEHHO, 0€3 3aMeUaHMii.
Pe3ynbpTarhl 00ydeHUs MO AUCUMILIMHE (MOAYINIO), COOTHECEHHBbIE C YCTAaHOBJIIEHHBIMH B IIpOrpamMme
UH/INKATOpaMH JOCTIKCHHUS KOMIIETCHLIMH, OIICHEHBl YHWCIOM OajuloB, BXOSIIMM B JHANa30H
IIPOJBUHYTOTO YPOBHS.

ba3oBblii. Teopernueckoe coaepkaHue Kypca OCBOEHO B 00beMe, HEOOXOAMMOM ISt
nanpHeWmeil y4eObl U mpodeccHoHANbHOM  JesATeNbHOCTH. HaBblkM mpakTU4yeckoid padoTh
chopMupoBaHbl Ha 6a30BOM ypoBHE. Bce mpemycMoTpeHHBIe IPOrpaMMOoil 00y4eHUsT yaeOHbIe 3aaHus
BBIMIOJTHEHBl C HEOONBIIMMHU MOTPEIIHOCTMHU. Pe3ynbraTel 0O0y4eHHs] MO JUCIHUIUIMHE (MOIYIIO),
COOTHECEHHBIE C YCTAaHOBJICHHBIMHU B MPOrPAMME MHAMKATOPAMU JOCTHXKCHHS KOMIETEHIIUN, OIEHEHBI
4yuCcIIoM 0asioB B mpefesnax 6a30BOro ypoBHs.

IMoporoBelii. Teopernueckoe coaepKaHUE Kypca OCBOCHO B 00beMe, HEOOXOIMMOM s
JanpHeimei yueObl u npodeccuoHalbHON AesTeNbHOCTH. HekoTopble nmpakTHuecKre HaBbIKU paboThI C
chopMupoBaHbl ¢ TmpobOenamMu. YueOHblE 3aJaHusi, NPEAYCMOTPEHHBIE MPOrpaMMON OOy4eHus,
BBIMOJIHSJIMCh € OLIMOKaMH, MCIPaBICHHBIMU 110/ PYKOBOJCTBOM HperojaBaTens. Pe3ynabTarsl
00y4eHHUs 10 AUCLUHUILIMHE (MOYJII0), COOTHECEHHBIE C YCTAHOBJICHHBIMU B IIPOrpaMMe MHAUKATOpPaMHU
JOCTH>KEHUS] KOMIIETEHIUH, OIIEHEHbI YUCIIOM OaljIoB B IpejiesiaX MOPOroBOro YpOBHSL.

Hu:xe moporosoro. Teopernueckoe coaepkaHue Kypca ocBoeHO (parmeHTapHo. HeoOxonumeie
HaBBIKM MPAKTUYECKONH paboThl C(HOPMHUPOBAHBI MHUHHMMAIbHO. BONBIIMHCTBO Y4eOHBIX 3aJaHMM,
PElyCMOTPEHHBIX NpOrpaMMoi OOy4eHMs, HE BBINIOJIHEHBbI. Pe3ynbraTel OOydeHUs MO JUCIMILIMHE
(MOZyJI0), COOTHECEHHBIE C YCTAaHOBJICHHBIMH B MPOTrpaMMe MHIUKATOPAMHU JOCTHXKEHUS KOMITETEHIIMH,
OLICHEHBI YHCJIOM 0aJIOB, BXOJSAIIMX B JUANA30H HUXKE TOPOrOBOTO YPOBHSI.



DenepalibHOE FOCYAapCTBEHHOE OIOKETHOE 00pa30BaTENIbHOE YUPEXKICHUE
BBICITIETO 0Opa30oBaHUs
«HoBocuOupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTupoBaHUs TEXHOIOTUYECKUX MAIIUH

IHacnopr 3a4era
IO AUCHUIIIINHE <<KOMHBIOTeprI€ TCXHOJIOTHHU B HAYKC U MAIIMHOCTPOUTCIIBHOM
MPOM3BOJCTBE», | cemecTp

1. Meroauka oLeHKH

CTyaeHT AomyckaeTcsi K clade 3adeTa HpU YCIOBHH, YTO OH BBINOJHWI M 3aIIUTHI BCE
NpakTUYeCKue padoThl U pacueTHO-Tpaduyeckoe 3aaanue, u Habpan He meree 40 OaoB.

Ha 3auere crynmenty BbLiaioTcs 2 Bompoca. PacmpeneneHue IUAAKTHUECKHX EIUHHUI] 110
POBEPSEMBIM KOMIIETEHIIUAM yKa3aHo B Tabiuie «O0o0mmenHas CTpyKTypa (poHIa OIeHOUYHBIX
CPE/CTB Y4eOHOW AUCIUIUTHHBIY.

BeicTaBiieHHE OIIGHOK Ha 3a4YeTe OCYIISCTBISICTCS HA OCHOBE BBIIOJHEHHS M 3aIUTHI JBYX
BorpocoB. OIlEHMBaHWE OTBETa Ha BOIPOCHI OCYIIECTBIISICTCS B COOTBETCTBUH C YPOBHEM
3HaHui: "ynoBieTBOpUTENsHO" — 5-6 6amt; "Xopomo" — 7-8 6amioB; "omimyno" — 9-10 Gamos.
Bcero 3a 1Ba Bonpoca CTyJJeHT MOXKET MOJIYyYUTh MakcumyMm 20 Oainios.

®dopma 6uteTa 1 3a4era

HOBOCUBUPCKUI I'OCYJJAPCTBEHHbBIN TEXHUUECKUN YHUBEPCUTET
®akynerer MTO

Bujger No 1
K 3a4eTy 1o auciuminie « KoMrbroTepHbie TEXHOIOTHH B HAYKE U MAITUHOCTPOUTEIHLHOM
TIPOU3BOJICTBE»

1. TIpoekTHpoBOUHBIH pacyeT 3yO4aToil UMIAMHAPUYECKOH NpsAMO3yOoi (Koco3y0Ooit)
nepeayyl BHEITHETO 3aleTICHHS.

2. 3anycture ANSYS Workbench, co3maiiTe HOBBII OJIOK CTaTUYECKOrO MPOYHOCTHOTO
aHanm3a Static Structural. 3amyctute Moaynb yrpaBiaeHus Marepuaiamu. OTBeTbTe Ha
CJIEAYIOIINE BOIIPOCHI:

- B xakoMm OKHE HaxXOSATCsl CBOMCTBA MaTepUAIOB?

- Yrto otobpakaercs B naHensx Table u Chart?

YTBepxaato: 3aB. kadeapoin nomxHocTh, DO
(Toamuch)

(mata)
2. Kpurepun ouenkun

3awuma cuumaemcsi Hey0o81eMEOPUMENbHOU, €CIIH CTYIECHT HE OCBOWJI TEOPETHUYCCKHIA
MaTepuai U He CMOT 0000IIUTh TEOPETUUECKUH U MPAKTUUECKUI MaTepra; OlleHKa COCTaBIsET
meHee 10 0aiuioB.



3awuma cuumaemca cocmoAuielcs HA NOPO206OM YPO6HE, €CIH CTYAEHT OCBOMII
TEOPETHYECKUI MaTepuaj, HO He CMOT OOOOIIUTh TEOPETHUYECCKUN U MPAKTUYCCKUN MaTepHall;
oueHka coctasisier 10-13 6anos.

3awuma cuumaemcs cocmossuielicss Ha 0A3060M YpPoGHe, €CII CTYACHT CMOI 0000IIUTH
IPAKTUYECKUNA U TEOPETUUECKUN MaTepHuall, JOIMyCTHJI HECKOJIBKO OIIMOOK IPH 3aILUTE, PUBET
HE JIOCTaTOYHO YETKYH) apryMEHTALMI0 CBOEW TOYKU 3PEHMS MPU OTBETE HA BOINPOCHI, OLIEHKA
cocraiusieT 14-17 6annos.
3awuma cuumaemcs cocmosguielicss Ha RPOOGUHYMOM YPOGHe, €ClIi CTYJEHT CMOT 0000IIUTh
IIPAaKTUYECKUM U TEOPETHUYECKUN MaTepHall, IPUBEI JOCTATOYHO YETKYIO apryMEHTALMIO CBOEH
TOYKH 3PEHHUS [0 BCEM BOIIpOcaM, olieHKa coctaisieT 18-20 6anos.

3. IlIkana oneHKH

Eciu cryneHT B cemecTpe paboTan HE CHCTEMaTHYECKH, B pe3yjibTaTe 4Yero He Halpam
TpeOyemMoe KOJIMYeCTBO 0aJUIOB, TO €My BBIJIAETCS JOMOJHUTEIBHOE 33aJaHUe, TeMaTHKa U 00beM
KOTOPOTO OMPEEISIFOTCS MPEN0IaBaTEIIEM.

Ecnu B pesynbpTaTe cmaum 3adera CTyJAeHT He Habupaer 10 OayuioB Wim ¢ y4eToM cAauu
3aueta ero cymmapubiii peitunr (OHHEHKA HA 3AYETE + omneHka 3a BBINOJHEHHE
MpaKkTUYECKuX paboT + OlleHKa 3a BbIMojiHeHue u 3aumty PI'3) ne npeswimaer 49 6annos, emy
BBICTaBIIsIETCS OlleHKa "HeynoBieTBoputeiabHo" (FX) ¢ BO3MOXKHOCTBIO epecaayn.

[Ipu nepecnaye 3adera CTYIAEHT HMMEET BO3MOXKHOCTH IOJYYUTh OILICHKY HE BbIe E
("yIoBIEeTBOPUTENTHHO").

CtyaeHT uMeeT BO3MOXKHOCTH TMOJIYYHTh JOMOTHUTENBHO 10 20 OaJyIoB MPH BHINOJIHEHUU
paboT, HE MPEeAYCMOTPEHHBIX OCHOBHOM MpOrpamMMoi OcBoeHHUs Kypca. /laHHbIe BUIBI paboOT
coriacyroTcs ¢ npenojaBareieM. OJHUM U3 BapUAHTOB JOMOJHUTEILHON PabOThI MOXKET OBITh
BBITNIOJIHEHHE pacuéTHO-rpaduueckoil paboThI 10 33JaHHOMN MperoaBaTerieM TeMaTHKe.

B o0meit orieHke 1Mo AUCHMUILUIMHE OAIITBI 32 3aU€T YYUTHIBAIOTCSI B COOTBETCTBUHU C MPaBUIIaMU
0aIIbHO-PEUTUHTOBOM CHCTEMBI, IPUBEACHHBIMU B paboyeil mporpaMme JUCIUTUINHEI.

HToroBas oleHKa 10 JUCHUILIMHE BBICTABJISIETCS COIJIaCHO Ta6J'H/II_Ie.

Tabmuua
98-100 | 9307 | 90-92 | 87-89 | 83-86 | 8082 | 77-79 | 73-76 | 70-72 | 67-69 | 63-66 | 60-62 | 5050 | 25-49 024
AT A A B+ B B- C+ C C- D+ D D- E EX F
OTJIMYHO XOpOoHIo YIOBJIETBOPUTEIHHO HEYJOBJIETBOPUTEILHO
3a4YTCHO HEC 3a4TCHO

4. Bompocsl k 3a4ety no aucuuninte « KomnborepHbie TeXHOJIOTHM B HayKe U
MAIIMHOCTPOUTEJIHLHOM MPOU3BOACTBE»
Komnbrorepublii anaan3 B cpeae APM WinMachine
1. Pacuer coequHEHNS C HATITOM.
. Pacuer kOHMYECKOTO COETMHEHUS.
. PacueT coequHeHns NpU3MaTUYECKON IITTOHKOM.
. PacueT coenMHEeHNs] CErMEHTHOMN LITTOHKOM.
. Pacuer mpsM060YHOTO NITAIIEBOTO COSTUHEHUS.
. Pacuet »BOJIbBEHTHOTO UIUIIEBOTO COETUHEHUS.
. PacyeT TpeyroiapHOro NUIMIEBOTO COETUHEHUSI.
. Pacyer mpuaMatudeckoro npouILHOTO COSAMHEHHUS.
. Pacuer pe3b00BBIX COEAMHEHUH.
10. PacueT cBapHBIX COEITMHEHUN.
11. IIpoexTHpoBOYHBIH pacueT 3yOuaTOW UMIMHAPUYECKOW MpsAMo3y0oil (koco3y0oit)
Nepeaur BHEIIHETO 3aleIJICHUsI.
12. TIpoekTrpoBOYHBINA pacueT 3yO0uaToil KOHMYECKOW OPTOTOHALHON TMepenadu ¢ MpsMbIMU
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(KpyroBBIMH) 3yObSIMU.

13. [IpoeKTUpOBOYHBIN pacyeT YEPBIUYHOU MEPEIAUH.

14. IIpoekTUpOBOYHBII pacueT KIMHOPEMEHHON NEpEIayH.

15. [IpoeKTUpOBOYHBIN pacyeT LEMHON epeaadH.

16. Pacuet Basia Ha yCTaJIOCTHYIO IPOYHOCTb.

17. PacueT paauaibHOTO MOJIIMITHUKA CKOJIBKEHUS, PaOOTAIOIIEro B PEKUME KHUIKOCTHOTO
TPEHMUSL.

18. PacueT MOOIINITHUKOB KaUyE€HUSI.

19. Pacuer ynpyrux 53J€MEHTOB MalllMH: MPOEKTUPOBOYHBIM pPACUET MPYKUHBI CHKATHS
KpPYyIJIOrO TMOMEpPEYHOr0 CEYEHHUS; IPOBEPOUHBbI pacdyeT MPYXKUHBI CXKATUS KPYIJIOro
NIONIEPEYHOI0 CEUEHHUS; IPOEKTUPOBOYHBIN pacyeT MPYKUHBI CKATHs KBaPATHOTO NIONEPEYHOTO
CEUCHHS; MPOCKTUPOBOUHBIM pacdeT MPYXKUHbI PACTSDKEHUS KPYIJIOro MONEPEeYyHOro CEYCHHS;
IIPOEKTUPOBOYHBIN PACUET MPYKUHBI KPYUYEHUsI KPYTJIOr0 NONEPEYHOIO CEYEHUS.

KomnbloTepHblii anaan3 B cpene ANSYS

OcHosbl padotsl B ANSYS WORKBENCH

1. YUto Ha3bIBAE€TCSI KOHEYHO-AJIEMEHTHOM MOJIEIBIO?

2. HazoBuTe THIBI KOHEUHBIX AJIEMEHTOB. UTO 03HAYaeT MOPsII0K KOHEYHOTO dJIeMeHTa?

3. 3anmmuTe paspemaronue ypasaeHuss MKD i ctatiaeckoro aeopMupoBaHusl.

4. Kak y4yuThIBalOTCSI TPAaHUYHBIE YCIOBUS B IIepeMelIeHHsIX (CBs3H)?

5. Kak npuBecTtu pacnpeien€HHbIE HArpy3KH K y3JI0BbIM?

6. 3anycture ANSYS Workbench. OtBeTbTe Ha crieqyromniye BOIpOCH:

- Yro nazeiBaercs npoektom B Workbench?

- [Ins yero npeanasHadeHsl okHa Project Schematic u Toolbox?

- Kakue BuIbpl MHKEHEpHOrO aHaimmM3a peanusyrorcs Oimokamu Static Structural, Transient
Structural, Steady-State Thermal u Modal?

- Kakue ocHOBHBIC 2JIEMEHTHI UMEET KaXKIbIi 0JI0K HH)KEHEPHOTO aHan3a’?

- [lns yero npeaHa3zHaueHa KHOMKa Import Ha maHean HHCTPYMEHTOB?

- Jlns uero mnpennasHauensl KHOMKH Refresh Project m Update Project ma mnanemn
UHCTPYMEHTOB?

7. Co3naiiTe HOBBIN MPOEKT U Pa3MECTUTE B HEM OJIOK CTATUYECKOTO MPOYHOCTHOTO aHAIU3A.
[Tepeumenyiite co3ganublii 610Kk Kak «CTaruueckuil aHanusy». [[00aBbTe B MPOEKT elle OJUH
HE3aBHCHUMBII OJIOK MOJAIIbHOTO aHalu3a U 3aj1aite eMy ums «MonainbHblid aHamu3». OTBeThTe
Ha CIIEAYIOIUE BOMPOCH:

- Kakue stamnbl vH)K€HEpHOT0 aHalu3a peanusyroTcs B aneMenTax Geometry, Model, Results?

- UTo moKka3bIBatOT 3HAYKH B MPABOM YaCTH KaKJI0TO dJIeMeHTa Oyioka?

- Kak BbI3BIBaeTCSI KOHTEKCTHOE MEHIO 3ieMeHTa 0sioka? Kakue koMaH bl OHO COACPIKUT?

- MOXHO JTi 3aMEHUTH BUJ HHKEHEPHOTO aHaliu3a B OJIOKe, He yaamsis ero?

- M3mensites mu mapametpbl K9-cetku B 0sioke «CTaTHIECKUI aHAIIN3Y, €CJIA UX U3MCHHUTH B
o1oxe «MoanbHBIA aHATH3»?

8. IlocraBiieHa 3aa4ya: MCCIIEOBATh MPOYHOCTh KOHCTPYKIIMU TIPH 33JIaHHOM Harpy>KeHHH U
HarpeBe 10 BBICOKOM Temreparypbl. Co3naidTe HOBBIM TPOEKT M pPa3MECTUTE B HEM
HEO0OXOMMBIE CBsI3aHHBIE OJIOKH MH)KEHEPHOTO aHainn3a. OTBEThTE HA CIAEAYIOIINE BOIIPOCHI:

- Kakoif 6110k siBIsieTCS KOPHEBBIM, a KaKOW MOTYUHEHHBIM?

- Kak u3mMeHnuTh CBOMCTBA MOTYMHEHHOTO 3JIEMEHTA?

- Kak BcTaBuTH HOBBII OJI0K, HE 3a7aBast CBsI3EH?

9. 3amycture ANSYS Workbench, co3maiite HOBBIN OJIOK CTaTHYECKOTO MPOYHOCTHOTO
aHanmmsa Static Structural. 3amyctutre MonIynb ympaBieHUs wmarepuaniaMd. OTBEThTE Ha
CJIETYIOIINE BOMIPOCHI:

- Ins gero npeanasnauensl okaa Outline Filter u Outline Panel

- B xakoMm OKHE HaxXOATCsl CBOMCTBA MaTepPUAIOB?

- Yrto otobpakaetcs B nanensx Table u Chart?




10. Cozpaiite HOBBIM Marepuan ¢ umeneM «NewMatly. 3anaiite emy ynpyrue cBoWcCTBa
(momynpb FOura u ko3¢ dunuent [lyaccona).

11. Usmennte ynpyrue cBoiictBa Matepuana «NewMatly, cnenas moaynp KOHra 3aBucsmmm
OT TeMIepaTyphl. 3a1aliTe HECKOJIBLKO 3HAYCHHUM NP pa3IUYHbIX TEMIEpaTypax.

12. To6aBbTe MaTepuan Aluminium Alloy u3 cranmaptHoii Oubnuorexku General Materials B
TeKyIIMi Habop MaTepuasioB. VckiounTe IIOTHOCTh ATOr0 MaTepuaia U3 MepedHs CBONCTB.

13. Haznaubpte Aluminium Alloy B kauecTBe MaTepuana, UCIOIb3yeMOTO [0 YMOIYAHUIO TSI
TBEP/BIX TE.

14. KakuMu 3a/1a10TCsl TUTACTUYECKHUE CBOMCTBA MaTepuaia?

15. Kakum CBOWCTBOM 3aJar0TCsl pPE3yNbTaTbl OJHOOCHBIX HCIIBITAHUN MaTepuaja Ha
pacTspkeHue/cxarue?

16. B kakomM Mojyje  BBIIONHSACTCS  pa3OMEHHE  TEOMETPUUYCCKHUX  MOJENCH
KOHEYHORJIEMEHTHOU CETKOM?

17. Ha3oBure nBa crioco0a co3naHus KOHEYHO-3JIEMEHTHON CETKU.

18. OnuuuTe NOpsA0K AEMCTBUM NPU CO31aHUU KOHEUHO-3JIEMEHTHOM CETKH.

19. Kakue s1eMeHThl UCHOJIB3YIOTCS MPH Pa3OMEeHUU OOBEMHBIX Tell, IUIOCKUX 000JI0YeK,
OJIHOMEPHBIX TeN?

20. Kakue Bo3moxHOcTH uMeroTcss B Ansys Workbench st renepannu ceTku B COCTaBHBIX
neranax?

21. Kakue ycTaHOBKHM /Jisi KOHEUHO-3JIEMEHTHON CETKH IO3BOJISIET OCYIIECTBISTH pasjiei
Sizing okHa HacTpoek?

22. Co3paiiTe HOBYIO OOBEMHYIO MOJIENb B OJIOKE CTAaTUYECKOTO MPOYHOCTHOTO aHAJIU3a.
3anycTtute MOAYyJb CUMYJISIIMU. OTBETHTE HA CIIEAYIOIINUE BOIIPOCHI:

- [1ns yero npeanasnauensl okHa Graph u Tabular Data?

- YUem otnmmyaercs nHGOpMAIIHS O MONIaroBoii Harpy3ke B okHax Graph u Tabular Data?

- Ha3oBure KOHCTpYKIIMOHHBIE HAarpy3ku, 3anaBaeMble B pasaene Loads mnanenu
UHCTpyMeHTOB Environment.

- Kakue rpaHuuHble yCIOBHUS 3aJal0TCsi B pasfene Supports MaHeldn HWHCTPYMEHTOB
Environment?

23. Coznaiite COOCTBEHHYIO KOOPAHWHATHYIO CHCTEMY, OTJIMYAIOLIYIOCS MO HANpaBICHHUIO
0Ceil M pacIoyioKEHHUIO OT TiIobabHOM. [lepenmenyiite ee.

24. Tlpunoxute K Mojenu rpaBuTannoHHoe yckopeHue (Standard Earth Gravity).
Hamnpapnenue yckopeHus 3a1aifTe BAOJIb OCH Y MOJIb30BATEIbCKON (BHOBH CO3/JTAHHOM) CUCTEMBI
KOOpJUHAT.

25. Ilpunoxkute MOMEHT K TOUYKE, peOpy WM OBEPXHOCTH, UCTIONb3yd KoMaHay Moment.

26. IIpu nomommu koman sl Fixed Support sxecTko 3akpenute pedbpo MOAEIH.

27. 3amaiite komanaoi Displacement Ha m11000# TOBEpXHOCTH 0OBEMHOTO TeJla IEPEMEIICHUE
Ha -5 MM B HamnpaBieHuu ocu X. OTBEThTE Ha BOIIPOCHI:

- Kakumu cioco6amu MoKeT OBITH 3a71aHO TepeMenieHne?

- Uto o3HauaeT 3HaueHue «0» st KOMIIOHEHTHI TIepeMeIeHus ?

- Uro o3nauaet 3HaueHue «Free» B 1oje KOMIIOHEHTHI?

28. Buasl HUCTOYHUKOB OHHEPrUd M (PYHKIMOHATbHBIE 3aBUCHMOCTH, OMHCHIBAIOIIUE
MHTEHCUBHOCTD pacIpe/iesIeHus Tera?

29. Hcnonb3oBath Monyns Heat Input Fitting macrepa cBapku Welding Advisor ms
CO3/IaHUSI OIIPEICIIEHHOTO TUIIA HCTOYHUKA YHEPTHH.

30. Co3narh U paccuuTaTh CTaHJAPTHOE CBAPHOE COEAVHEHME C MCIOJIB30BAaHUEM MOJYJIS
Welding wizard.



denepanpHOE TOCYIAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICITIETO OOpa30oBaHUs
«HoBocuOupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTrpoBaHUs TEXHOIOTUYECKUX MAIIIHH

IHacnopr pacyerHo-rpadguyeckoro 3aganusi (padoTbl)

1o auctuiuimHe «KoMmproTepHbIe TEXHOJIOTHY B HAYKe M MAIIMHOCTPOUTEIBHOM IIPOU3BOICTBEY, |
cemecTp

1. MeToauKka OLEHKH

Ha mepBOM mpakTHYECKOM 3aHATUM BBIAACTCS KOMIUIEKT HMCXOIHBIX NaHHBIX: 1) Harpysounbie
XapaKTepUCTHKU MPUBOJAA TJIABHOTO JABIKEHUSA cTaHka (Tabn. 1-6); 2) Ueprexk MINUHAETHHOTO Yy3ja
cranka (puc. 1). Ha kaxxqom 3aHaTUM CTYACHTHI (MHIUBUIYAJILHO U B TPYIINE) OCYIIECTBISIOT MO3TAITHbBIE
BBIYHCIICHHS, HEOOXOIUMBIE JUIS IPOCKTHUPOBAHUS MPUBOA INIABHOTO ABM)KEHUS CTaHKA.

BricraBnenue onenok 3a PI'3 ocymiecTBiisieTcs Ha OCHOBE BBIMOJHEHUS W 3aIIUTHI OJHOTO THUIIOBOTO
3alaHus. 3amMTa  pacyeTHO-rpaUyecKoro 3aJaHusi B COOTBETCTBUHM C YPOBHEM 3HAHUU:
"ynoBierBoputensHo" — 20...26 6amios; "xopomo" — 27...33 6amios; "ommyHo" — 34...40 6ayos.

Pucynok 1. IIpumep uepTexa KOHCTPYKUUH MIMTUHAEIBHOTO y371a

2. Kpurtepuu oueHku

Paboma cuumaemcs ne evinoinennoil, eCiiy CTyJIEHT HE OCBOMJI TEOPETUUECKHUM MaTeprall U HE CMOT
0000IINT TEOPETHUECKUI U PAKTUYECKUN MaTepHa; olleHKa cocTaBiseT MmeHee 20 6aoB.

Paboma cuumaemcs evinonrnennoti Ha nopo2oeom ypoeHe, €Civl CTYACHT OCBOMJI TEOPETUUECKHM
MaTepHal, HO He CMOT 0000IIUTh TEOPETUYECKHI 1 PAaKTHUECKUi MaTepual; orieHka cocraniser 20...26
0asioB.

Paboma cuumaemcs évinonnenHol Ha 6a3060m ypoeHe, €CIU CTYJEHT CMOT 00O0IIUTH MPAKTUYECKUI
U TEOPETHYECKHH MaTepwaj, JOIMYyCTHJ HECKOJBKO OIMMOOK TIPH ONpEACICHHH IapaMeTpoB
MaTeMaTHYeCKOM MoJienu, NMPHUBEN HE JOCTAaTOUYHO YETKYI apryMEHTAllMI0 CBOEHl TOUKM 3peHus B
OTHOILIEHUN PAlMOHAIBHOCTHA NPHUHATBIX PEKUMHBIX [MapaMETPOB CBAapKH, OLIEHKa cocTaBiseT 27...33
0amioB

Paboma cuumaemcs 6vinonHenHoOU HA RPOOBUHYMOM YPOGHe, €CIH CTYIEHT CMOI O0O0O0OIIMTH
MPAaKTUYECKUA M TEOPETHUYECKHM MaTepuall, MPHUBEN JTOCTATOYHO YETKYIO apryMEHTAIMI0 CBOEH TOUYKHU
3peHHUs IO BCEM pasjiesiaM, OlleHKa cocTaBisieT 34...40 6amios.

3. IIkaJja ouneHkKu

B oOmeli onenke mo maucuurummHe Oayiel 3a PI'3(P) yuuThiBaroTcsi B COOTBETCTBUMHU C TpaBUIIAMU
0aJTPHO-PEUTUHTOBOM CHCTEMBI, IPUBEACHHBIMU B pab0oYeil mporpaMme TUCITUTUIAHEI.

Ecnm B pesynprare cmaum 3adera CTyAeHT He HaOupaer 10 GayioB WM ¢ y4eTOM CIa4M 3adeTa ero
CyMMapHBI peUTHHT (OLIEHKA Ha 3a4eTe + OlleHKa 3a BBINOJIHEHHE MpakTudeckux pador + OLHEHKA 3A
BBIIIOJIHEHUE W 3AHIUTY PI'3) He mnpeBbimaer 49 0amioB, €My BBICTABIACTCS OICHKA



"HeynosierBoputenbHO" (FX) ¢ BO3MOXKHOCTBIO TIEpECIayun.

IIpu mnepecnaye 3auera CTYAEHT HMMEET BO3MOXKHOCTh MOJYYUTh OIEHKY He Bbimie E
("ynoBneTBOpUTENBHO").

CTyneHT uMeeT BO3MOKHOCTh MOJYYUTh JIOMOJHUTENbHO 10 20 GaljIoB NMpHU BHINOJIHEHUH padoT, HE
NPEIYyCMOTPEHHBIX OCHOBHOM MporpaMMmoil ocBoeHusi Kypca. JlaHHble BHIBI pabOT COIJIACYIOTCS C
npenogaBateneM. OIHUM U3 BapUAHTOB JIOMOJIHUTEIHHOM PabOThl MOXKET OBITH BBHIMOJHEHHE PAacuETHO-
rpadudeckoil paboThI 10 3alaHHON MPENoaBaTeIeM TeMaTHKE.

B o0mieii ouneHke mo OUCHUIUIMHE Oajulbl 3a 3a4eT YYUTHIBAIOTCS B COOTBETCTBUHU C IpaBUIIAMU
0aJIIbHO-PEUTUHIOBON CHCTEMBI, IPUBEICHHBIMH B paboyeil mporpamMme JUCHUTUIAHBL

Hrorosas OLICHKA IO JUCHUITIIIMHE BBICTABJIACTCA COTJIaCHO Ta6JII/II_Ie.

Tabnuma
98100 | 93-7 | 90-92 | 87-89 | 83-86 | 80-82 | 77-79 | 73-76 | 70-72 | 67-69 | 63-66 | 6062 | 50-50 | 25-49 0-24
A+ A A- B+ B B- C+ C C- D+ D D- E FX F
OTJIMYHO XOpOIHO yI[OBJ'IeTBOpI/ITCHI)HO HeyI[OBHeTBOpI/ITCJ'IBHO
3a4TCHO HE 3a4YTCHO

4. IlpumepHnsblii nepedyenb Tem PI'3(P)

PekoMeHayeMasi CTPYKTYPA M IPUMMeEP BLINOJHEHHOIO pacquﬂo-rpatj_m'{eCKoro 3alaHUsA

1. Ucxoonvie dannvie:

Ha nepBoM npakTuyeckoM 3aHSTHHM BBIJIAETCSl KOMIUIEKT MCXOJHBIX JaHHbIX: 1) HarpysouHnsie
XapaKTepUCTHKU MPUBOJA TJIABHOTO JABIDKEHUS CTaHkKa (Tabn. 1-6); 2) UeprTexk HMINMUHAETHHOTO Yy3ia
ctaka (puc. 1). Ha kaxxqom 3aHsTHH CTYI€HTH! (MHAUBUYAJIBHO U B TPYIIIE) OCYLIECTBIISIIOT IOITAIHbIE
BBIYHCIICHHS, HEOOXOUMBIE SISl IPOCKTUPOBAHUS MPUBOA INIABHOTO ABM)KEHUS CTaHKA.

B kauectBe 00OBeKkTa NMPOEKTUPOBAHUS MPEAJATalOTCSd CTAHKU C PYYHBIM U JIUCTAHIIMOHHBIM
yIpaBJIeHHEM — OJIOK UCXOJHBIX JaHHBIX MPHUBEAEH B Ta0M. 1 — 3 UM CTaHKU C YHUCIOBBIM MPOTPAMMHBIM
ynpasieauem (YIIY) — komrmiekc manubix Tabn. 4 — 6. B mepBoM ciydae peub UAECT O pa3paboTke
IPUBOAA C JUCKPETHBIM (CTYNEHYaThIM) pEryJupOBaHHUEM CKOPOCTH HCIHOJIHUTEIBHOTO OpraHa
(mmuHAens), BO BTOPOM — IPHUBO/IA C MJIaBHBIM (OecCTyleHUaThIM) PETYJIUPOBAHUEM.

BapuanT 3a1anus popMupyeTcsi Ha OCHOBE IIM(PPOBOT0O TPeXpaspsiHOro KOAd, yCTaHABINBAEMOIO
PYKOBOJHTENIEM KYpPCOBOTO MPOEKTHpOBaHUsA. B uactHocTH, npu mudpe 754 HEOOXOAUMO BBIMHCATH
JaHHbIE CeAbMON KOJOHKH Tabn. 1 (wmu 4), a u3 Ttabn. 2 (uau 5) u Tabn. 3 (uam 6) — COOTBETCTBEHHO
MATOTO U YETBEPTOTO CTOJOIIOB.

Kpamko npokommenmupyem npunamolte @ 3a0aHUAX YC108HbBIE 0003HAYECHUAL.

Tabn. 1 u 4 comepxar uH(pOpMAIMIO O THUIOpa3Mepe M KiIacce TOYHOCTH CTaHKa, BapuUaHTe
KOMIIOHOBKM MPHUBOJIa TJABHOIO JBMIKEHHSA, a TAKXKE O 3HAYEHUU OJIHOM M3 DKCIUTyaTallMOHHBIX
XapaKTePUCTHK TOCIEAHEr0 — J(PQPEKTHBHON (HOMHHATIBHONH) MOIIHOCTH Ha IIMUHAENE. 3aJaHueM
MPETYCMOTPEHO MPOCKTUPOBAHKUE YHU(DHUIIMPOBAHHOTO MPUBOJA C TJIABHBIM BpaIllaTEIbHBIM JIBHKCHHEM
pabouero opraHa JUisi JBYX HauOoliee pACHpPOCTPAHEHHBIX THIIOB METaI000pabaThIBAIOIIETO
obopymoBanus: TokapHoro — T u ¢pesepHoro — @. OCHOBHBIM pa3MEpPHBIM MapPaMETPOM JJII TOKAPHBIX
CTaHKOB SIBJISIETCS. MAKCHUMAJIbHBIN JAUaMeTp oO0pabaThiBaeMOll eTamu HaJl CTAaHWHOMW, a IS (ppe3epHbIX —
mpuHa crona. C ydetoM (PyHKIIMOHATBHOTO HAa3HAUYEHUS U KOMIIOHOBKH MPHUBOJA, KOTOpasi OMpPEesieT
pacIoNIOKEHUE HAIPABISAIONINX AJIEMEHTOB HECYIIEH CHUCTEMBl METAJUIOPEXKYIIero O0OpYIOBaHUS WU
MOJIOKEHWE OCH IIMUHJEISA B IMPOCTPAHCTBE, YHUBEPCAJIbHBIE TOKAPHBIE CTAHKWA MOAPA3NEISIOTCS HA
natpoHHbie — TII u nentpossie — TL[. CoOTBETCTBEHHO /ISl MHOTOLIENIEBBIX TOKApHBIX cTaHkoB ¢ YITY, a
Takke (pe3epHoro 000pymOBaHMS TMpemxycMOoTpeHo HakioHHoe — TH, BeptukamsHoe — TB u BO u
ropuszoHTasibHOoe — ['® ucnonHenue mpuBoaa. B olmem ciydyae MpOEKTHPOBAHUIO MOJUICKAT MPUBOIBI
CTaHKOB TPEX KJIAaCCOB TOYHOCTH: HOpMaibHOTO — H, moBeimennoro — I1 1 Beicokoro — B.



Tao6bnumpma 1

BapuanTtst
Hcxonnple qaHHBIC
1 2 3 4 5 6 7 8 9 10
Tum cTanka T | BO | T | I'® | TN | BO | Tl | Td | TH | Bd
OcHoHOIi napameTp crana, 160 | 320 | 200 | 400 | 250 | 160 | 400 | 200 | 320 | 250

MM

O¢ddexTrBHAST MOIITHOCTH HA

1,8 6,0 2,4 8,8 3,2 2,4 6,0 3,2 4,6 4,2
mnuHaene, kBt

Krnacc TouHOCTH cTaHKa B I1 11 H B I1 I1 H H B

Tabnuma 2

BapuanTsl
HcxonHele naHHBIE
1 2 3 4 5 6 7 8 9 10
MakcnmanpHas
JacToTa 4,0 2,5 2,5 4,0 2,8 14 2,0 1,6 3,2 2,0
BpallleHus, 10° mun t
OO6mmit HaIa3oH
peryIupoBaHUs 16 25 12,5 14 45 11,2 22,4 10 20 31,5
CKOpPOCTH
Jwnamnazon
PErynupoOBaHUs 5,6 16 5 10 22,4 4 11,2 6,3 8 12,5
ckopoctu ¢ N=const
Aomyctimas — noteps | g4 40 20 40 50% 30 30 40 40* 20
CKOpPOCTH pe3aHus, %
Taoaumma3
HcxonHble nanHble Bapuan!
JIHBIC AL 1 2 3 4 5 6 7 8 9 10
Cuctema ympaBJieHHUS
MIPUBOJIOM A P A P A P A P P A
Texumuecknii —pecype | 5g 14 11,2 10 16 17,5 12 18 12,5 15
npuBoja, 10° g
Pexxum  HarpyxeHus
— JI T C JI T C C T C JI
npusoga N /N,
Cucrema cMa3bIBaHUS
MIPUBO/IA 3 u a 1 a u a u u &
Taonuma 4
BapuanTsl
Hcxoaubie 1aHHEBIC
1 2 3 4 5 6 7 8 9 10
Tum craHka TH B®D TH T'o TB B TB o TH Bo®
OcHobiol napametp 500 | 320 | 400 | 250 | 500 | 400 | 400 | 200 | 320 | 250
CTaHKa, MM
O¢¢dexTrBHAsT MOIIHOCTH HA 14 8 3 12 6 16 10 4 6.8 5
muHAene, KBt
Knacc TouHocTu cranka I1 B B I1 B 11 I1 B B I1




Tab6unuma 5

BapuanTtsl

HcxonHble naHHBIE
1 2 3 4 5 6 7 8 9 10

MaxkcumanbHas

4acToTa ; | 50 28 45 3,2 2,0 5,6 2,5 6,0 4,0 3,6
Bpamienus, 10° Mun
1

O6muii  AuamnasoH
peryIHpoBaHUA 110 65 80 100 85 90 75 60 120 70
CKOPOCTH

Jnanazon
peryJMpoBaHus 40 12,5 24 28 20 32 10 8 36 16
ckopoctu ¢ N=const

Bun
3JIEKTPONPUBOAA

Tabnuma 6

WcxonHble BapuasTs
JaHHbIE 1 2 3 4 5 5 7 3 9 10

Cucrema
yIpaBlIeHUS r 2 2 r 2 r 2 r r 2
TIPUBOJIOM
TexHuueckuit
pecypc 20 | 14 | 112 | 10 |16 | 175 | 12 | 18 | 125 | 15
IpUBOJA, 10% 4
Pexnm

HarpyXeHHUS

pHBOJA N
/N HOM

OcraBmyiecs TaOMUIBl BKIIOYAIOT CBEIEHUS O CKOPOCTHBIX BO3MOXKHOCTSIX, PEXHUME
paboThI MPUBOJIa U OCOOEHHOCTSIX KOHCTPYKTUBHOT'O MCIIOIHEHHUS €r0 OTJENIbHBIX CUCTEM.

OOummii nuanasoH peryaupoBaHMs OTpa)kaeT OTHOIIEHHE MAaKCHUMAaJbHOM YacTOTHI
BpallCHUs WIHAHJEAA K MUHUMAJIbHOW. J[Mamma3oH peryJMpoBaHus € IMOCTOSSHHOM MOIIHOCTBIO
MO3BOJIIET HAMTH 3HAUEHWE TaK HAa3bIBAEMOM pAacyYeTHOM YacTOThl BpalICHMs IPUBOJA.
JomyctrMast 1oTepst CKOPOCTH pe3aHMsl IPEAONPENENsieT BEJIWYMHY 3HaMEHaTelns ¢
TEOMETPUUYECKOT0 psAZla 4acTOT BpALICHMs NMPUBOAA C JAUCKPETHBIM PETYJIMPOBAHUEM, MPUYEM
3Hau€HUE IMOTEpPH CKOPOCTH, OTMEYEHHOE 3BE3/I0UKOW, MpUcylle OojbIIeMy ¢ (CTpyKTypa
IpUBOJA C JABYMsI 3HaMeHATelasIMU psna). s CTaHKOB € IUIAaBHBIM PEryJIUPOBAHUEM €ro
BEJIMYMHA, KaK U3BECTHO, paBHA HyI0. [Toatomy i crankos ¢ UITY BMecTo sTOrO0 napamerpa B
KaueCcTBE MCXOJHOTO JAHHOTO BBEICHO JApYyroe TpeboBaHUE: BHJ dJeKTpornpuBoaa (tadm. 5). B
3TUX CTaHKax OecCTyNneHYaToe M3MEHEHHE YacTOThl BpAIlEHUs IIMHUHAEIS MOXXHO 00eCreunuTh
yTeM MPUMEHEHMs 3JIEKTPOJBUTraTelNs JUOO MOCTOSHHOro Toka — I, mub0o acMHXpPOHHOIO ¢
YaCTOTHBIM PETyJIUPOBAaHUEM — A.

[IpuBomam cTaHKOB OOIIEr0 Ha3HAYEHMs] MPUCYIIM JBa THUIA CHCTEM YIpPaBICHUS:
pyuHon — P u nucranunonHusiil — [I. Ilocinenuss, kak u B crankax ¢ UIIY, KOHCTpYKTUBHO MOKET
OBITH BBINMOJIHEHAa Ha 0asze ayieKTpudeckod — O unu rugpasinudeckoid — [ sHepruit. Pexum
Harpyxenust (nerkuit — JI, cpemumit — C, Tsokensiii — T) oTpakaeT OTHOIIEHHE CpegHEH
MOIIIHOCTH, PpEeaJu3yeMON B IIpPOIECCE€ JKCILTyaTalid CTaHKa, K HOMHHAJIBHOW MOIIHOCTH
npuBoja. CTaHKU C YHHBEPCAJIBHBIM XapaKTEPOM BBIINOJIHAEMBIX TEXHOJOTHYECKUX ONEpaLuil
ocHamraroTcs (Tadu. 3) AByMs TUITAMH CUCTEM CMa3bIBaHUS IPUBOJA: MHANBUAYaTbHON — U mn
HeHTpanusoBaHHoN — L. Bece npyrue pemeHus, BBIXOAAIIME 38 paMKU TEXHUUYECKOTO 3aJaHUs,



MPUHUMAIOTCS CTYJCHTaMH CaMOCTOSITENIbHO, HO HauOoJee NPUHIIUITUAIBHBIE BOMPOCHI
HEOoOXOaUMO B  00s3aTENbHOM TMOPSIIKE COIJIacoBaTh C  PYKOBOAMUTEIEM  KYpPCOBOIO
MIPOCKTUPOBAHUSL.

3ajaHue:

1. IToctpouts 3D Momenu Tpex pa3InYHBIX MIMUHACIEH B Tpad)UIeCcKOM PEeIaKToOpe;

2. [TocTpouTh UX pacyeTHbIE MOJICIIH;

3. OnpenenuTs 3amac NPOYHOCTH KaXAO0TO IITTAHEIS;

4. OnpenenuTs MNOJHYIO AePOopMaIUI0 Ka)XA0T0 IIMUHENS;

5. [IpousBecTr BEIOOPKY ONTUMAILHOTO BapUaHTa KOHCTPYKITHH IITTUHICIIS.

2. OcHosHas yacmb pabombi:

[IpoBeneHne MaTeMaTHYECKOTO  MOJICIMPOBAHUS  HAIMPSHKCHHO-ACPOPMUPOBAHHOTO
cocrosiHusl (HC) KOHCTPYKTHBHBIX 3JIEMEHTOB IPHUBOJA TEXHOJOTHYECKOro 000pymOBaHUsS C
UCIIONIb30BaHUEM  cepTuuIupoBaHHbix KommiekcoB APM  WinMachine u  ANSYS.
[IpencraBnenue pesynbraToB pacuera HJIC Marepuana npu JOEHWCTBUU TEXHOJOTMYECKOU
Harpys3KHu.

3. Bb1600bl.
4. Cnucok ucnonb308aHHOU Tumepamypbl

JI71st BBITIOJTHEHUS 3a/IaHUsI CTYACHTBI UMEIOT JIOCTYIT K COBPEMEHHOMY KOMITBIOTEPHOMY
000py/I0BaHUIO, HA KOTOPOM YCTaHOBJIIEHBI MPOrPAaMMHBIE KOHEYHO-3JIEMEHTHBIE KOMILIEKCHI
APM WinMachine u ANSYS. Kontpons BemonHerust PI'3 mpoBoauTcst B ceMecTpe Ha KaXJI0M
MPAKTUYECKOM 3aHATHUH.

HDHMeD BbINOJIHEHHOLL pa60mb1:

HcxonHble 1aHHBIE

Marepuaisi [3]:
1. Cranb 40X, 692 = 315 Mlla, p=7820 Kr/M3;
2. Cramb 45, 602 =275 Mlla, p=7826 KF/MS;
3. Craib 38XA, 692 =490 MIa, p=7850 kr/m’;

- —_ =

Pucynok 1 — Ockus mmnuHaens

Tabmuma 1
Vcxonubie JaHHbBIE 715 pacyeTa CUI pe3aHus
Junawmetp 3arotoBku, D 100 MM
Mom#nocts, N 6 kBT
MesxoceBOoe pacCTOsSIHUE, Ay 149 mm
[Tepenarounoe uncio, U 1,6




1 PacuyeT ciJj pe3aHus
OnpenenuM CKOPOCTh pe3aHus o Gopmyre:

C, 340
V, = ey Kv = ooz 17045 0,904 0,98 = 142,57 M/MuH.

rae Vp — pacyeTHas CKOPOCTh pE3aHus, M/MHUH;

T — nepuon croiikocT MHCTpyMeHTa, MuH [1];
t — rnyOuHa pe3anus, Mm [ 1];
S —nonaua, MM/06 [1].
3Hast pacYeTHYIO CKOPOCTh PE3aHHMs, HAWIEM YacTOTY BpPAIlCHUS IIITHH]IEIIS:
n= b o_ 14257 454 — 500 06/MuH
“m-d 314-01 '
Toraa dakTuueckas CKOpOCTh pe3aHus OyJIeT paBHa:

,=n-m-d=500-3,14-0,1 = 157 M/MMUH.

[Tocne 3TOTO, paccunTaeM CHIIBI pe3aHus:
Jnst pacdera cui pe3aHus, HEOOXOAMMO 3HATh KOd((HUIHMEHTH, KOTOpble Oepem u3
CIPAaBOYHHMKA MALIMHOCTPOUTEIIS; M MTOJCTABIIsIEM HX B cienyromue Gopmyss [1]:

P, =10-300-1,7*-0,9%7°.v °*°
P, =10-243-1,7°°.0,9%% .v °3
P, =10-339-1,7-0,9%°.v 4
HOI[CTaBJ'I}IeM pPaCCUUTAHHYIO PAHEC CKOPOCTb PE3aHUs, U OIIPCACIACM CUJIBI PC3aHUs:
P, =10-300-1,7*-0,9°7°-1577%* = 2290 H
P, =10-243-1,7*°.0,9%°.1577°° =804,67 H
P, =10-339-1,7*-0,9°°.157 %* = 72116 H

KPYTHH_II/Iﬁ MOMCHT, MOMCHT n3ruba u MOIIHOCTBb HAXOJHUM II0 (1)opMyJ1aM:
_P,-D_2290.-0]1

M, —1145H * u
2
d 0.1
Myor = Py 5 = 721,16 - === 36,05 H - m
o _Mgon_1145-500
~ 9554 9554 T

Takxke, Bocronb3yemcst pacueramu, BeinoiHeHHbIME B APM Win Machine panee (cM. prcyHOK
2).



Cunel B 3aUEnAEHNN pod

Fa.. 00 [H]
Fri. B2BETE  [H]

Ft... 1727273 [H]

B 6.5 [Fear]

R.... 420 [1t]

| [pogomHTe

[pepeare

=™ —_—
Pucynok 2 — Cubl B 3alleTIJIEHUN

2 Onpenenenue ko3¢ ¢uuuenTa 3anaca NPOYHOCTH U MOJTHOH Aedopmanun

1 wnundeny (Cmanv 40X, oo =315 MIla, p=7820 K2/m®)
3D mopens mmuHaes cosaaeM B cpene SolidEdge.
[Mocne 3amycka Ansys Workbench, noGaensiem B paGouyro 00iacTe MpOeKTa MOAYIb

Static Structural, xotopslii ompezessier HabOp MapaMeTpoB, HEOOXOMUMBIX IS TPOBEACHHS
CTAaTUYECKOTO aHaIu3a (CM. PUCYHOK 3).

4).

I\ Unsaved Project - Workbench - [u] X

e Vew Tooks Units Extensions Help

silimport... | g Reconnect () Refresh Project 7 Update Project

st
Static Structural (Sameef)
Steady-State Thermal

ermal (Samcef)

v

View All | Customize.

®
Fl

k I

i1 Show Progress %1 5how 1 Messages

Pucynok 3 — Moayns Static Structural

Haunnaewm ¢ noapasaena «Engineering Datay
Yka3bIBaeM MaTepuraJl MIMNHACIIA, a TAKIKE HCO6XOI[I/IMLIC XapaKTCPUCTHUKU (CM. PUCYHOK



N rpoect - Workbench
fle Edt Vew Took Units Extensons Help
ﬁg B2:EnginceringData %
e

Physical Properties
Linear Elastic 1| Temperatwe () | Densiy fgme3) v
Hyperelastic Bxp erimental Data 2 7820
Hyperelastc -
Chaboche Test Data
Plasticity 3 Fatigue Data at zero mean stress comes from 1353 ASME BPY Code, Section 8, Div 2,
Table 5-110.1

Creep
Life v B X
Strength o B
Gasket 1 P 5 Value
Viscoelastic Test Data. 2 Density 720
Niracl=i N Gy sotropic Secant Coeffcent of Thermal
‘Shape Memory Alloy Expansion
Damage 6 |B Isotropic Blasticity
TT—— 7 Derive from Youngs... .
——— 8 Yfoung's Modulus 2,1E+05 MFa 52

] Poisson's Ratio 03 -

o Sak Moddus o=vra - Chart of Properties Row 2: Density

1 Shear Modulus 8,0769E+10 | Pa &

12 7] Alternating Stress Mean Stress Tabular ‘E e Dersity ==

16 /A strain-Life Parameters £ u;

24 /] Tensie Yield Strength 315 MPa T o8 il

25 7] Compressive Yield Strength 315 MPa JE

2 7] Tensie Ultimate Strength 800 MPa 2 06

27 7] Compressive Ultimate Strength 800 MPa % 05

e 04
h s o 0 1

T View Al Customize... | | Temperature (<]

Pucynok 4 — XapakTepucTuku Matepuana

Hanee, ¢ nomormpo DistguModeler ummoptupyem Mozens WINHHAETS B KOMILIEKC ANSYS (cM.
PHUCYHOK 5).

Pucynok 5 — 3D mozaens mmuHIes

Janee, pabotaem ¢ moapasaenom «Modely

I'eHepanyst KOHEYHO-3JIEMEHTHOH CEeTKH

B pasmene nmepeBa maremarmueckoir mogaenu «Modely ocymectsiasiem moctpoeHue
KOHEYHOH ayieMeHTapHoi ceTku. O003HayaeM MpearnoyYTHUTENbHBIM MEeTOA pa3OueHus: CeTKU -
HexDominantMethod (cm. pucyHok 6).

Pucynok 6 — KoHeuHo-3/1eMEHTHas CeTKa
Janee mepexoaum B moapasaen «Static Structuraly.
C nomompio Merro Inertial HasHayaeM HWHEPIMOHHBIE HArpy3KH: CKOPOCTH BpaIlEHHUS
MIIUHIET.



Hcnonb3ys paszmen SUPPOrts paccraBisieM TpaHUYHBIE YCIOBUS, ONPEACISIONINe
3aKperieHne aeTanu (MOAMUITHUKY, TOJIBUYKHBIE U HETIOJBUKHbIE).

B pasnene Loads 3aaeM KOHCTPYKIITHOHHBIC HATPY3KHU: CHIIBI © MOMEHTBI.

C nomoursio komanasl Moment Harpy»kaem aetanb 3aJaHHBIMU MOMEHTaMHU.

Komanpoii Force Harpy:xaem fetaib AEMCTBYIOIIMMYU Ha HEE CHUIIAMHU.

[TonHOCTBIO HArpYy3UB U 3aKPENMB LINUHIEIb, Ml UMEEM KOHEUYHYIO MOJIEb, TOTOBYIO
JUTSL IPOBEJICHUSI paCYeTOB (CM. PUCYHOK 7).

[€] Fixed Support
[D] Displacement
. Moment: 114,5 N-mm
[E] Moment 2: 14,5 N-mm
[B] Moment 3: 36,05 N-mm
[H] Force: 1838,1 N

[ Fa: 721,16 N

[ Fr: 804,67 N

Pucynok 7 — IIpocTaHoBKa CHJI 1 MOMEHTOB, IEUCTBYIOIINUX HA IIMUHAEIb

ITocite TOro, Kak Mbl yKa3ad HEOOXOIMMbIE JTaHHbIE, MOKHO MPOM3BECTH pacueT. Ompeensiem
pesynbrar Hammx Berurciaenuit (Total Deformation, Equivalent Stress) B pasmene «Solutiony, a
takxe Safety Factor B pasumene «Stress Tool» (cm. pucynku 8-10).

0,0024518
0,0021792
0,0019068
0,0016344
| 0,001362
| 0,0010896
0,00081719
| 0,00054479
0,0002724
0 Min

Pucynoxk 8 — O0mue aedopmanuy mmuHICIs



0,00031671 Min

Pucynox 9 — DxBuBanieHTHBIC JehOpMAIUU IITTHH/ICIS
1
15 Max

15 Min
0

Pucynok 10 — 3anac npo4yHOCTH HINUHAEISA

[Tocne mpoBeneHUs pacueToB HEOOXOAWMO ONpPENENIUTh OTKJIOHEHHE 3epKaja mmuuaensd. Jus
ATOTO MPOU3BOIUM 3aMep HauOOJBIIIETo 3HAUCHHUS Ha 3epKalie MMUHENs (CM. pUcyHoK 11).

Time: 1
29122015 15:04

0,0024516 Max
0,0021792
0,0019068
0,0016344
0,001362
0,0010896
0,00081719
0,00054479
0,0002724

0 Min

1,2644e-003

Pucynok 11 — 3mepenrie MaKkCUManbHOTO OTKJIOHEHUS
B pesynomame, ona 1 wmununoena (Cmans 40X, 6,= 315 Mlla, p=7820 KZ/Ms) umeem:
— Koaddunuent 3anaca npoyHocty mmuHaens — 15;
— Otkionenue nepeanero kouna mmuaaesns — 0,0012644 mwm.



1 wnunoens (Cmans 45, 6o, = 275 Mlla, p=7826 Kke/m®), (pucynox 12).

ils Max

Pucynok 12 — 3anac npo4yHOCTH IIITUHIEIA

— KoaddumnuenT 3amaca npouynocty mmuHaes — 15;

— Otkiionenue nepeanero konna mnunaesns — 0,0013204 mwm.

1 wununoens (Cmanev 38XA, 6o,=490 MIla, p=7850 KZ/M3), (pucynox 13).

Pucynok 13 — 3amac nmpo4HOCTH IITTHHACIS

— Koa¢pdumment 3anaca npounocty mmuHaes — 15;

— OtknoHeHue nepeanero konna mmusaenst — 0,0013517 mwm.

Jns ocTanbHBIX IIMHUHAEIECH MNPOBOJMM aHAJIOTUYHBIE NEWCTBUS. B pe3ynbrate pacueroB
MPOU3BOJUM OIICHKY Kod(duiMeHTa 3amaca MPOYHOCTH U OTKJIOHEHHS MEPeTHEro KOHIA

ITTUHACIIA.

I[J'IH YI[O6CTB8. BOCIIpHUATHUSA, CBEACM BCC IOJTYUCHHBIC TaAHHLIC B Ta6J'II/II_[y.

Pesynbprare! pacuera

Tabmumna 2

Mnuaaens 1 Mnuagens 2 Mnuaaens 3
(9 82,56) (D 72,65) (©92,47)
Koadduuuent 3anaca 15 15 15
MIPOYHOCTH
Cram, OTKIOHEHHE TTepETHETO
40X perl 0,0012644 0,0012217 0,0012338
KOHIIA IIITHHIENS, MM
Koadduuuent 3amaca 15 15 15
MPOYHOCTH
Cram, OTKJIOHEHHE TIEpEeTHETO
45 pel 0,0013204 0,0012217 0,0012977
KOHI[A IIIMUHIESA, MM
Koaddumument 3amaca 15 15 15
MPOYHOCTH
Cram, OTKIOHEHHUE TTEPETHETO
38XA pel 0,0013517 0,0012966 0,0013243
KOHI[A IIIUHIESA, MM




3 OnpeneieHne ONTUMATBHOIO0 BAPHAHTA

[IpousBenss Bce HEOOXOAMMBIE PACYETHI, BOCIOIB3YEMCS MPOTPAMMHBIM MPOTYKTOM
Table Curve 3D mist moctpoeHus rpaduka MOJYYIHUBIINXCS 3HAYCHUN M 3aBUCUMOCTEH.
[TosrydeHHbIE IPU pacyeTe JaHHBIE BHOCHM B TaOIUILy (CM. pUCYHOK 14).

(= TableCurve 30 Editor =23
XYZ# Ex X ¥ z Weights j
1 315 72,65 0.0012217 1 oK |
2 315 5255 0.0012544 1
3 315 92.47 0.0012338 1 Cancel |
4 275 7265 0.0012217 1
5 275 82.56 0.0013204 1 Help |
& 275 92.47 0.0012877 1
T 480 7285 0.0012955 1 [~ AutoEntry X
8 490 82.56 00013517 1 ™ AutoEntry ¥
[ 480 92.47 0.0013243 1 I~ AutoEntry Z
[+ AutoEntry W

I

Calculation

I~ Zpply Calc

Save

Graph

dJ

Titles

Sort Table

5 15 5 5 5 o 5 5 o o o 5 o

Beverse

Fiy

i

Clear All

EE;I Iﬂl Qeletel Insert I Hext I Copy | Cut | Paste | VI [}IEEE;'

Pucynox 14 — BBox qaHHBIX

Koaddunuent X (0'0’2) — Ipezell TEKYYEeCTH CTallu;
Kosddurment Y (D) — nnamerpsl nepenero KoHIa IIMHHAEIS;

Kosppumuent Z (§) — oTKIOHEHHE TIEPETHETO KOHIIA IITTHHJIEISL.
Janee, moixyyaem rpaduk (cM. puCyHOK 15) U 3aBUCUMOCTb.

Pucynoxk 15 — I'pahuueckoe oToOpaskeHUe pe3yIbTaToB



§=10.017 4+ 1.63-1076 - gy, + 6.068 1075 - D 4 5.797 - 1078 - g ,2 + 1.219
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ITocne sToro HCO6XO,Z[I/IMO IIPOU3BECTHU aHaIUW3 W OLCHKY IJIsI TOTO, IITO61)I BBI6paTI) HaI/I60J'Iee

BBITO/IHBIN BapUaHT ¢ YKOHOMUYECKOW TOYKU 3PCHUS U OOECIICUEHHUS TOYHOCTH (CM. PHCYHOK
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Pucynok 16 — Ananu3s pe3ynbTaToB

Ha panHom rpaduke oO0nactb, HaxXopsmascs cieBa [0 JUHUHM, COOTBETCTBYET
JIOTTyCTUMOMY OTKJIOHEHHIO TIEPETHETO KOHI[A IIIMUH/IETIS.
Touku, ykazpiBaromue HauOoliee OIArompHUsTHBIE COYETaHUS (PUIUKO-MEXaHUYECKUX
XapaKTEPUCTUK U TUTIOPA3MEPOB IITTHUHIEIS:
— 1.40X (27,9 py6/xr) — D = 72 mm;
— 2.38XA (97 py6/kr) — D =72 mm;
— 3.38XA (97 py6/kr) — D = 82 mm;
— 4.38XA (97 py6/xr) — D = 92 mm.
N3 rpaduka BUAHO, 4TO HEOOXOAUMBIM YCIOBUAM JedOpMaIliy OTBEYAIOT IIIHUHJIEIH,
M3TOTOBIICHHBIE M3 cTaln 38X A, a Taxke mmuHaenb D = 72 mm u3 cranmm 40X.
MoskHO caenath BBIBOJ, YTO HanboJee ONTUMAIbHBIM BApPUAHTOM SIBJISIETCS IITTUHJIETH
u3 ctanmu 40X (Touka 1), Tak Kak JaHHBIA MaTepual UMEET CaMYIO0 HU3KYIO CTOUMOCTb.

BriBoa

B nmannoii pabore ObUT TPOBEACH pacueT Ha ompeneraeHue oOmied aedopmanuu 1
Kodd¢uimeHTa 3amaca MPOYHOCTH PA3IUYHBIX I[IMUHAENEH C MOMOIIBI0 MPOrPaMMHOTO
IpoayKTa Ansys.

Pacyersl mokaszanu, 4TO BCe MIMUHAECNM MPOXOASAT MO 3amacy MpoYHOCTH. Takxke
MOCTPOWJIN TpauK, UCXOMAS U3 TOJYUYECHHBIX OTKJIOHCHMM IIMHHAEIS, TAAMETPOB U (PU3UKO-
MEXaHHYECKUX CBOWCTB MaTepUaoB, UCIIONB3Ys porpaMMHbIid mpoaykT Table Curve 3D.

[IpousBens ananu3 rpaduka, ompeneiawyid, 4TO HauOOJee BHITOAHBIM IIMUHACIEM 10
HYKOHOMUYECKOM, TPOYHOCTHOW U TOYHOCTHOW XapPaKTEPUCTHUKE SIBISETCS IIMUHICID W3 CTalld
40X, c D =72 mm, 6p2=315 Mlla, p = 7820 Kr/mC,

Cnmcok urepatypsl
1. BacoB K. A. ANSYS st koHCTpYKTOpOB. [DnekTpoHHbIH pecypc] / baco K. A. —

Pexxum noctyma: https://ru.wikipedia.org/wiki/ANSY S— 3ari. ¢ skpana.



2. ApectoBa, O. H. APM WinMachine[Onektponnsiii pecypc] / O. H. ApecroBa —
Pexum Jocryna:
http://apm.ru/produkti/programmnie_kompleksi/sistema_rascheta_proektirovaniya_obektov_mas
hinostroeniya/— 3ar. ¢ skpana.

O6bem mosicHuTeNnbHOU 3anmucku 20-25 cTp. KoMIbOTEpHOro Habopa. @opmar OGymaru
A4 — 210 x 297 mM. Ha TUTYyIbHOM JUCTE OJDKHBI OBITh yKa3aHbl AMCLUUIUIMHA, HOMEpP U
HauMeHoBaHHe TeMmbl P13, damunus, uMsa u rpynna cryaeHTta. TUTYabHBIR JTUCT odopMmiseTcs
no oOpasily, npuBeneHHOMY Ha pucyHke 1. OcHoBHbIe cocraBistoniue PI'3: comepxkanue,
BBEJICHUE, OCHOBHAS 4YacTb, 3aKJIIOYCHHE, CIIMCOK MCIOJBL30BaHHOM JUTEpaTyphl. bpomuroposka
paboThI TOMKHA OBITh KHUKHOM; TOJIsL: cBepXy — 2,0 cm, creBa — 1,5 cm, BHU3Y — 2,0 cM, cripaBa
— 3,0 cm. lpudt Habopa Texcra nopkeH ObITh 12-14 myHKTOB. MEXCTpOYHBIA HHTEPBAI
NONYyTOpHBIA. TeKcT JOMMKEH WJUTIOCTPUPOBATHCA CXeMaMu, TpaduKamH, pPHCYHKaMH,
TabnuuaMu. PUCYHKH JAOMKHBI OBITH CZeNlaHbl B BEKTOPHOM rpaduueckoM penakrope (Kommac,
AutoCAD, CorelDraw, u T.m.) W MOryT OBITh pPaCHOJOXKEHBI HA OTIEIBHOW CTPAHHUIIC.
[TonpucyHouHass TONAMUCH JOJDKHA pacroyiaraTbCsl MOJ pUCyHKOM. Hymepamusi pucyHKOB
ckBo3Has1. CMCOK MCIONIb30BaHHOM uTeparypsl opopmisiercs mo OCT.



DenepanbHOE TOCY1apCTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEXKICHUE
BBICITICTO OOpa30BaHUs
«HoBocubupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTupoBaHUs TEXHOIOTUYECKUX MAIIHH

HacnopT 3a;[aHn171 JJIST BBIMIOJTHEHUSA MPAKTHYCCKUX paﬁoT
10 AUCIOUIIJIIMHE «KOMHBIOTCpHBIe TCXHOJIOTHHU B HAYKC U MAIIMHOCTPOUTCIIBHOM IIPOU3BOJACTBC,
1 cemectp

MeTtoanka oleHKH

JUis 3alMThl 4YeThIpEX MPAKTUYECKUX paboT CTyIeHTaM IIpe/Ularaercsi BBIIOJHUTb CIEAYIOIUN
TUnoBOM Habop 3amanmii: Ilpaktuueckas pabora Ne 1: «[IpakTHka KOMITBIOTEPHOTO aHalIM3a B Cpelie
APM WinMachine. Pa6ora ¢ npoektom B APM WinMachine. CtatucTiueckuii aHaiau3 HaNpsHKEHHOTO
COCTOSIHMSI. YTIpaBlieHHE MaTepuajlaMd M UX CBoWcTBaMH. Harpy3ku u TpaHUYHBIE YCIOBUSY,
ITpakTnyeckas pabora Ne 2: «PacueT CTaHIApTHBIX COEIMHEHWH 3JIEMEHTOB CTaHOYHBIX IPHUBOOB.
Pacuer THMOBBIX 5JEMEHTOB CTaHOYHBIX NpUBOAOBY; IlpakTHueckume paboter Ne 3: «Pacuer
NEepeaTOuHbIX MEXaHHW3MOB CTaHOYHbIX NpuBOJOB», IlpakThueckas pabora Ne 4: «IIpakTuka
KoMITbIoTepHOTO aHanu3a B cpene ANSYS. Pabota ¢ mpoekrom B ANSYS. Vnpasnenue marepuanamu u
ux cBoiicTBamu. Harpy3ku u rpaHunuHble ycioBus». Pacnpenenenue 3ajaHuil NpaKTHUECKUX 3aHATHH 110
IIPOBEPSIEMBIM KOMIIETEHLUSAM YKa3aHo B Tabnuie «O0001eHHas cTpykTypa (JOHIa OLEHOUHBIX CPEJICTB
y4eOHOM TUCLUIIIIMHBI.

BricTaBieHne OIEHOK Ha MPAKTUYECKOM 3aHSATHH OCYIIECTBIIIETCS HA OCHOBE BBHITIOJHEHUS U 3aIUTHI
OJTHOI'O THIIOBOI'O 3a/JaHus (CM. BbIlIE). 3alluTa MPAKTUYECKOH pabOThl B COOTBETCTBUM C YPOBHEM
3HaHWil: "ymoBneTBopHTeabHO" — 5-6 Oamn; "xopomo" — 7-8 Oamma; "ormmuno" — 9-10 Gamos.
MakcumanbHOe KOJMYECTBO OasloB, KOTOpble MOXKHO 3apa0oTaTh 3a BBINOJIHEHHE U 3aIIUTY
IIpaKTU4eCKUX pabot cocrasisieT 40 Oamios.

Kpurtepun ouenkn

Paboma cuumaemcs ne 6bINONIHEHHOM, eCIU CTYIEHT HE OCBOMJ NMPAKTUYECKUI U TEOPETUUECKHUIt
MaTepuabl; OIIEHKa COCTaBJIsIeT MEHee S OalIoB.

Paboma cuumaemcs evinonnennou Ha NOPO206OM ypoeHe, €CIV CTYAECHT OCBOWJI IMPAaKTHYECKHH
MaTepHall, HO He CMOT 0000IINTh TEOPETUIECKUN MaTepHa; OlleHKa COCTaBisieT 5-6 Oana.

Paboma cuumaemcs evinonnennou na 6a3060m ypoeHe, €ClA CTYJEHT CMOT 000OLIUTH MPaKTHYECKUI
U TEOPEeTHYECKWH Marepuaj, JOMyCTWI HECKOJIbKO OMIMOOK TpH ONpeIeNiCHHH MapaMeTpoB
MaTeMaTHYeCKOM MoJieNnH, MPUBEN HE TOCTATOYHO YETKYIO apryMEHTAlMI0 CBOMX JEHCTBHM U BBIBOJIOB,
OLIEHKa COCTaBIIsIeT /-8 OaoB.

Paboma cuumaemcs evinonnennou Ha NPOOBUHYMOM YpoeHe, €CIU CTYIAEHT CMOr O0O0OLIUTH
MIPAKTHUYECKU M TEOPETHYECKUM MaTepual, NPHUBENI JOCTATOYHO YETKYK) apryMEHTAlHI0 CBOMX
JeWCTBUI NMPH MOCTPOSHUH MaTeMaTH4YeCKO MoienH, olleHka cocTtasisieT 9-10 Gaios.

Ixana oueHku

B 00wieit oneHke 1Mo AUCHUIUIMHE Oallibl 32 MPaKTUUYECKHUE 3aHSTHS YUYUTHIBAIOTCS B COOTBETCTBHUHM C
IpaBUIaMU OAJUIBHO-PEUTHHTOBON CHCTEMBI, IPUBEIEHHBIMU B paboueil mporpaMmme JUCHUILIMHBIL.

Ecnu B pesynbrare cnauu 3adyera CTyAeHT He HaOupaeT 10 GayiioB WM ¢ y4eTOM CAAa4yu 3ayeTa ero
cymmapubiii peitunr (onenka Ha 3adere + OLIEHKA 3A BBIIIOJIHEHUE IMPAKTHUYECKUX
PABOT + ouenka 3a BeinonaHeHue u 3amuty PI'3) He npeblinaet 49 0amioB, eMy BBICTABISETCS OLIEHKA
"HeynosinersoputenpHo" (FX) ¢ BO3MOXKHOCTBIO IIEpecaayn.

[Ipn mepecnaye 3ayeTa CTYIEHT HMEET BO3MOXKHOCTH TIOJNYYUTh OLEHKY He Bbimie E
("ynoBneTBOopUTENBHO").

CtTyneHT uMeeT BO3MOKHOCTh MOIYYHUTh JTOMOJIHUTENBHO 10 20 0ajyioB IpH BBIOJHEHUU paboT, HE
IPEJYCMOTPEHHBIX OCHOBHOM mporpamMMmoil ocBoeHHMsi Kypca. JlaHHBIE BHIBI PabOT COTIacyroTcs ¢
npenogasateneM. OJTHUM U3 BapUAHTOB JOMOJHUTEIHHON pabOThl MOXKET OBITH BHIOJHEHHE PACUETHO-



rpaduueckoil paboThI 10 3aJaHHOM MpenoaBaTeIeM TeMaTHKE.

Hrorosas OLICHKA IO JUCHUITIIIMHE BBICTABJIACTCA COIJIaCHO Ta6JII/II_Ie.

Tabmuma
08 100 [03-97 [00-92 [87-89 [83-86 [80-82 [77-79 |73-76 [70-72 |67-69 [63-66 [60-62 [50-59 [25-49 0-24
A+ A A- [B+ B B- [C+ C C- |D+ D D- E FX F
OTIIMYHO XOpOILIO YIOBJIETBOPUTEILHO HEYJO0BJIETBOPUTENBHO
3a4TCHO HE 3a4TCHO

4. TlepeyeHb NPAKTHYECKHUX PadOT

Ha nepBoM mpakTH4ecKoM 3aHSATHH BbIIACTCS KOMIUIEKT HCXOAHBIX AaHHBIX: 1) Harpyzounsle XxapakTepuCTHKH
MPUBOJIa TTIABHOTO JIBIKEHHS cTaHKa (Tabn. 1-6); 2) Ueprex mmuHAET HOTO y37a cTanka (puc. 1). Ha xaxmom
3aHSATHA CTYACHTHl (MHAWBHIYAILHO W B TPYIIE) OCYILECTBISIOT MOATAMHbIC BBIYMCICHUS, HEOOXOAUMBIE LIS
MPOEKTHUPOBAHUSI TPUBOJIA TJIABHOTO ABHKCHUS CTAHKA.

B kauecTBe 00BEKTa NMPOEKTHUPOBAHUS NPEAJIAralTCd CTAHKU C PYYHBIM M AUCTAHLUOHHBIM YIPaBICHUEM —
OJIOK MCXOJHBIX JAaHHBIX MPUBEACH B TaOM. 1| — 3 WM CTaHKU C YUCIOBBIM MporpaMMHBIM yrpasienuem (UITY) —
KOMIUIEKC JaHHBIX Ta0n. 4 — 6. B mepBoM ciiyyae peub HIET 0 pa3padoTKe NPUBOJA C AUCKPETHBIM (CTYTIEHYATHIM)
peryaupoBaHUEM CKOPOCTH HCIIOJIHUTEIBHOIO oOpraHa (IINMHAENSA), BO BTOPOM — IIPUBOJA C IUIABHBIM
(GeccryneH4aThIM) PETYIHUPOBAHUEM.

Bapuant 3amanust ¢opmupyercs Ha OCHOBE LHU(POBOIO TPEXpaspsAgHOrO KoJa, YCTaHaBJIMBAEMOTO
PYKOBOAMTEIEM KypCOBOTO MpOEKTHpoBaHUSA. B wactHocTH, mpu mmdpe 754 HEOOXOOUMO BBINKCATH JaHHEBIE
cebMOl KOJIOHKH Ta0:1. 1 (vu 4), a u3 tadu. 2 (wim 5) u Tabmn. 3 (wim 6) — COOTBETCTBEHHO ISTOTO U YETBEPTOrO
CTOJIOIIOB.

Kpamko npokommenmupyem npunanmole é 3a0aHUAX YC108HbIE 0003HAYUEHUS.

Tabmn. 1 u 4 conepxat nHPOPMAINIUIO O THIIOPa3MEpe U Klacce TOYHOCTH CTaHKa, BAPUAHTE KOMIIOHOBKH ITPUBOJA
TJIABHOTO JIBMKEHHMS, & TAKKe O 3HAYCHUH OIHOW M3 DKCILTYaTallMOHHBIX XapaKTePUCTHK TOceTHero — 3G GeKTUBHOIM
(HOMUHAJIBPHOW) MOILIHOCTH Ha MLIMUHIAENE. 3aJaHueM MPEAyCMOTPEHO MPOEKTUPOBAHHE YHU(PHLIUPOBAHHOTO
NPUBOAA C IJIABHBIM BpallaTeNIbHBIM JBIKEHHUEM Pabodero opraHa Iyl ABYX HauOojee paclpOCTPAHEHHBIX THUIIOB
MeTaioo0pabarkiBatoniero obopyaoBanust: Tokapaoro — T u ¢pezeproro — ®@. OCHOBHBIM pa3MEpHBIM TaAPaMETPOM
IUI1 TOKapHBIX CTAHKOB SBJSIETCd MAaKCHMAJIBHBIM IuaMeTrp oOpabaTelBaeMOH [eTalid Haj CTaHWHOH, a Iy
¢pesepHpIx — mmpuHa croia. C ydeToM (YHKIMOHAIBHOIO HA3HAYEHUS] M KOMIIOHOBKHM IIPUBOJA, KOTOpas
OIIpE/ICISeT PACONIOKEHHE HAMPABIIIOMINX AJIEMEHTOB HECYIEH CHCTEMBI METaJUIOPEXKYILEro o00pyAOBaHUS HIH
TIOJIOKEHNE OCH IIMHUHJIENS B MPOCTPAHCTBE, YHUBEPCAIbHBIE TOKAPHbBIE CTAHKH TOJPA3JIENAIOTCS Ha MAaTPOHHBIE —
TII un uentpoBele — TL. CoOTBETCTBEHHO [UIi MHOTOLIEJIEBBIX TOKapHbIX craHkoB ¢ UIIY, a takxke ¢pesepHoro
obopymoBaHus npenrycMoTpeHo HakioHnHoe — TH, BeprukansHoe — TB u BD u ropusonransHoe — ['D ucnonnenue
npuBoza. B o01em ciiyuae MpoeKTHPOBAHHIO MOJIEKAT MPUBOJIBI CTAHKOB TPEX KJIACCOB TOYHOCTH: HOPMAIBHOTO —
H, nosemmennoro — I u BeIcokoro — B.

Taonumma 1

BapuanTtsl
Hcxomguple nanHbIE
1 2 3 4 5 6 7 8 9 10
Tum cranka T | B® | T | ' | T | B® | T | Td | TIO | B®
g;HOBH"“ flapametp cTauka, 160 | 320 | 200 | 400 | 250 | 160 | 400 | 200 | 320 | 250

OddexTuBHAS MOITHOCTH HA
mnuHAene, KBt

Kiacc TouyHocTH cTaHKa B I1 I1 H B I1 I1 H H B

18 6,0 2,4 8,8 3,2 2,4 6,0 3,2 4,6 4,2




Tabnuma 2

Bapuantsl
HcxonHele naHHBIE
1 2 3 4 5 6 7 8 9 10
MakcumanpHas
4acroTa 4,0 2,5 2,5 4,0 2,8 1,4 2,0 1,6 3,2 2,0
BpalllCHUs, 10% mum
OO6mmit HaIa3oH
perynupoBaHus 16 25 12,5 14 45 11,2 22,4 10 20 31,5
CKOPOCTH
Jmanazon
peryanupoBaHus 5,6 16 5 10 22,4 4 11,2 6,3 8 12,5
ckopoctu ¢ N=const
Aomyctimas  noteps | g4 40 20 40 50* 30 30 40 40* 20
CKOpPOCTH pe3anus, %
Tabnuma3
" BapuaHnTsl
CXOJIHBIE JaHHBIE 1 5 3 7] 5 6 7 8 9 10
Cucrtema ympaBleHHUS
MIPUBOJIOM A P A P A P A P P A
Texmmueckuii —pecype | 5g 14 11,2 10 16 17,5 12 18 12,5 15
npusoja, 10” g
Pexxum  HarpyxeHws
— JI T C JI T C C T C JI
npusoga N /N,
Cucrema CcMa3bIBaHUS
mpEBOTA 0 n 10 n 10 41 10 n " 10

Tabnuma 4

BapuanTsl
HcxoaHble TaHHBIE
1 2 3 4 5 6 7 8 9 10
Tun cranka TH B® TH I'd TB Bd TB I'o TH Bd

OCHOBHOI1 TapameTp 500 320 400 250 500 400 400 200 320 250

CTaHKa, MM
O¢ddexTuBHasT MOIIHOCTH Ha 14 8 3 12 6 16 10 4 6.8 5
mnuHjaene, kBt

Knacc Tounoctu cranka IT B B I1 B 11 IT B B IT

Taonumuma 5

BapuanTtsl
WcxonHple naHHBIC
1 2 3 4 5 6 7 8 9 10

MaxkcumanbHas
4acToTa 50 2,8 45 3,2 2,0 5,6 2,5 6,0 4,0 3,6
Bpamenns, 10 Mus
OO6mui JIMana3oH
peryaupoBaHus 110 65 80 100 85 90 75 60 120 70
CKOpOCTHU
Jwnanazon
peryIUpOBaHMUS 40 12,5 24 28 20 32 10 8 36 16
ckopoctu ¢ N=const
Bun snekrponpuBoaa I1 A A I1 A I1 I1 A A I1




Tabnuma 6

HcxoaHele BapunanTst

AAHHBIC 1 2 3 4 5 6 7 8 9 10
Cuctema
yIpaBJIeHUs r €] €] r|os r 2 r r C)
MIPUBOJIOM
Texuuueckuit
pecypce 20 | 14| 112 | 10 | 16 | 175 | 12 | 18 | 125 | 15
IIpUBOJIA, 103 g
Pexum

HaTpYyXXCHUSA

npusoga N
/N HOM

OcraBimecsi TaOMUIBI BKJIIOYAIOT CBEIEHHUS O CKOPOCTHBIX BO3MOXHOCTSAX, PEXHUME pPaOOThl MPHBOAA H
0COOEHHOCTAX KOHCTPYKTUBHOI'O MCIIOJTHEHHUS €r0 OTACIbHBIX CUCTEM.

OOumwmii Arana3oH PeryJupoBaHUsl OTPAKACT OTHOLICHWE MAKCUMAaJbHOM YacTOThl BpAIIECHUS LIMHUHAETS K
MHHHUMAJIBHOH. /[Mana3oH peryJIMpoBaHus ¢ IIOCTOSSHHOM MOLIHOCTBIO IIO3BOJISIET HAWTH 3HaYEHUE TaK Ha3bIBAEMOM
pacdeTHOW YacTOTHl BpallleHHs IpuBoja. lomycThMas moTepsi CKOPOCTH pe3aHus MpeIoNpeaesseT BEeTU4uHY
3HaMEHaTeNld (¢ TeOMETPUYECKOro psjia YacTOT BpAIlleHHs MNPHBOJAA C JUCKPETHBIM PETYIUPOBAaHUEM, MPUUEM
3HA4YeHUE IOTEPH CKOPOCTH, OTMEUEHHOE 3BE3/I0YKOH, Mpucylie OosblieMy ¢ (CTPyKTypa NPHBOAA C JABYMS
3HaMeHaTeNAMU psifa). s cTaHKOB € IUIaBHBIM DPETYJIMPOBAHMEM €ro BEIHMYMHA, KaK M3BECTHO, paBHA HYIIO.
[Tostomy nnst crankoB ¢ UIIY BMecTo 3TOro mapaMerpa B KaueCTBE HCXOQHOTO JAHHOTO BBEACHO APYroe
TpeboBaHUe: BHUI ANIEKTporpuBoaa (Tadm. 5). B 3Tux cTaHkax OeccTymeHYaToe M3MEHEHHE YacTOTHI BpaIleHUS
MIMAHACTS MOXHO OOECIeYHTh IyTeM NPUMEHEHHUS JIIEKTPOJABHUTATENs MO0 MOCTOsSHHOro Toka — II, mubo
ACHHXPOHHOTO C YaCTOTHBIM PETYIUPOBAaHUEM — A.

[lpuBomamM CTaHKOB OOLIETO0 HAa3HAYCHUS MPHUCYLIM JBa THIA CHUCTEM YOpaBieHUS: pydHoil — P wu
mucranunonnbiit — JI. Tlocnenuss, kak u B crankax ¢ UITY, KOHCTPYKTHBHO MOXET OBITh BBINIOJIHEHA Ha 0ase
JNEeKTpUUecKoi — O uiu ruapasnudeckoit — I' snepruit. Pexum Harpyxenus (jerkuii — JI, cpegamii — C, TspKembIit
— T) oTpakaeT OTHOIIEHHE CPEIHEH MOIIHOCTH, peali3yeMol B MpoLecce SKCIUTyaTalluy CTaHKa, K HOMUHAJIBHOM
MOIIHOCTH TpuBoJa. CTaHKH C YHHUBEPCAJIbHBIM XapaKTEpPOM BBITIONHSIEMBIX TEXHOJOTHYECKHUX OIepariui
ocHamiaroTcst (Tabi. 3) JAByMsS THIIAMU CHCTEM CMas3blBaHUs MPHUBOJA: WHIUBUAyalnbHOH — W wm
LeHTpanu30BaHHOM — LI. Bce npyrue perieHuns, BBIXOAAIIME 33 PAMKH TEXHHUYECKOTO 3afjaHMs, NPUHUMAIOTCS
CTYI€HTaMU CaMOCTOSATEJIHO, HO HanOoJjiee MPUHIMITHAIBHBIE BOIPOCH HEOOXOAMMO B O0s3aTEIbHOM HOPSIKE
COTJIacOBaTh C PYKOBOJIUTENIEM KypCOBOT'O POEKTUPOBAHMS.
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IIpakTHyeckasn padora Ne 1: «lIpaxmukxa komnviomephnozo ananuza é cpeoe APM WinMachine. Paboma c
npoekmom 6 APM WinMachine. Cmamucmuueckuii aHAIU3 HANPAIHCEHHO20 COCHOAHUA. YnpasieHue
Mamepuanamu u ux ceovicmeamu. Hazpysxu u zpanuunsie yciosusn

3aoanue:

CryneHTsl BBIIOJNHSAIOT TPYIIIOBBIE 33JaHUS 1O TIOCTPOSHHIO IPOEKTOB B MPOTPaMMHBIX KoMminiekcax APM
WinMachine. Cryznentsl 3HakomsiTcs ¢ rpaduueckuMm wuHTepdeiicom kommiekca APM  WinMachine u ¢
OCHOBHBIMHU TIpUeMaMy padoThl B HeM. Q030p ocHOBHBIX MoayJeii Cucrembl APM WinMachine: UnxenepHsie
momaynu cucteMbl APM WinMachine. Moaynu KoHedHO-3JIeMEHTHOTO pacdera. [ 'padudaeckue cpeicTBa CHCTEMBI
APM WinMachine u ux HazHauenue. ba3pl manubix u 6a3bl 3HaHuiA. Moayas APM Book.

IIpakTuyeckaa padora Ne 2: «Pacuem cmanoapmHuiX COCOUHEHUN I/1IEMEHMO68 CHAHOYHBLIX HPUBOOOG.
Pacuem munoevix 371eMeHmM08 CHIAHOUHBIX HPUBOO08)

3aoanue:

CTyneHThl BBITIOJIHSAIOT TPYIIOBBIE 3aJaHUS 10 TOCTPOCHUIO IMPOSKTOB B IMPOrPpaMMHBIX KoMiuiekcax APM
WinMachine ans pacdera: COeIUHEHHS C HATATOM; KOHHYECKOTO COCIUHEHHS; COCIMHEHHS MPHU3MATHYCCKON
IITOHKON; COeNWHEHWS] CEerMEHTHOW IIMOHKOW, MPIMOOOYHOTO IUIMIIEBOTO COEIWHEHHS; SBOJIEBEHTHOTO
IUTAIEBOTO COCUHECHHUS, TPEYTOJIBHOTO IILIUIIEBOTO COCIAUHEHUS; MPU3MATHYSCKOTO MPOPUIBHOTO COCTUHCHUS;
Pe3b00BEIX COCAMHECHMI; CBAPHBIX COSAMHEHUI.

IpakTuyeckue padoThl Ne 3: «Pacuem nepeoamouHblx MEXAHUZMOE CHIAHOUHBIX HPUBOO06)

3aoanue:

CTyIeHTBI BBIMOJNHAIOT TPYIIOBBIC 337[aHUS O MOCTPOCHUIO TPOCKTOB B TpOrpaMMHOM Komiuiekce APM
WinMachine mnst: 1) mpoekTHpoBOYHOTO pacdera 3y0UaTol MUIHHAPHUSCKON MpsAM0o3y0oit (Koco3y0oit) mepeaayun
BHEIIIHETO 3aleIUICHUs; 2) MPOSKTHPOBOYHOI'O pacdeTa 3yO0uaTodl KOHWUYECKOW OpPTOTOHAJIBHON mepenadu c
MPSIMBIMU (KPYTOBBIMH) 3yObSMHU; 3) MPOEKTHPOBOYHOTO pacdera YepBAYHON mepenadu; 4) MPOeKTUPOBOYHOTO
pacdera KIHHOpEeMEHHO! niepefadn; 4) MpOeKTHPOBOYHOTO pacyeTa IeMHOH IepeIadm.

IIpakTHyeckasn padora Ne 4: «lIpakmuka komnviomephnozo ananusa ¢ cpeoe ANSYS. Paboma ¢ npoexmom 6
ANSYS. Ynpasnenue mamepuanamu u ux ceoiicmeamu. Hazpysxu u zpanuunsie ycioeus

3aoanue:

CTyIeHTBl BBIIOTHSIOT TPYIIOBBIE 33JaHUS MO MOCTPOSHHUIO MPOEKTOB B MPOrpaMMHOM KOMIUIeKce ANSYS st
BBINOJIHCHNSI CTaTUCTUYECKOrO aHajIM3a HaNpsDKEHHOI'O COCTOSIHMS Marepuana: 1) pa3paboTka MareMaTH4ecKou
MoJenu (npenpoueccuHr), noctpoenue 3D monmenn oObekTa u uMnoptupoBanue B cpexy ANSYS; 2) pabora B
0a3e JaHHBIX MaTepUANlOB - YIpPaBJICHUWE MaTepuallaMi W MX CBOMCTBaMH; 3) reHepalys KOHEYHO-IJIEMEHTHOM
ceTkH; 4) HavanbHbIE W TpaHUuYHBIe ycioBus; 5) Hactpoiika pemarens u oOpaboTKa pe3yibTaTOB PELICHHMS
(mocTnporeccuHr).




DenepalibHOE FOCYAapCTBEHHOE OIOKETHOE 00pa30BaTENIbHOE YUPEXKICHUE
BBICITIETO 0Opa30oBaHUs
«HoBocuOupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTupoBaHUs TEXHOIOTUYECKUX MAIIUH

HacnopT IK3aMCHa
IO JUCHMITIIMHE «KOMHBIOTeprIG TCXHOJIOTHHU B HAYKC U MALIMHOCTPOUTCIIbHOM
IIPOU3BOJCTBEY, 2 CEMCCTpP

1. Meroauka oLeHKH

CTymeHT Jomyckaercsl K cade SK3aMeHa IPH YCIIOBHHM, YTO OH BBIOJHHI M 3aIUTHI BCE
NpakTU4YecKue padoThl U pacueTHO-Tpaduueckoe 3aaanue, u Habpan He meHee 30 OaoB.

Ha sx3ameHe cTyleHTy BbIZaloTCsi 2 Bompoca. PacmpeneneHne MUIAKTHYECKUX EAMHUIL 10
IPOBEPSEMBIM KOMIETEHIIUAM yKa3aHo B Tabmuie «O0o001eHHas cTpykTypa poHIa OLEeHOYHBIX
CPE/CTB Y4eOHOW AUCIUIUTUHBIY.

BricTaBiieHHE OIICHOK Ha 3aYeTe OCYIIECTBISICTCS HAa OCHOBE BBIMOJHECHHUS U 3aIUTHI JBYX
BorpocoB. OlLieHHBaHNE OTBETa HA BOIIPOCHI OCYIIECTBISETCS B COOTBETCTBUH C YPOBHEM 3Ha-
Hul: "ynoierBoputensHo" — 5-6 Oamr; "xopomo" — 7-8 6amioB; "omimyHO" — 9-10 Gamios.
Bcero 3a 1Ba Bonpoca CTyIEHT MOXET MOJYyYHTh MakcuMyM 20 0aiios.

<I)0pMa OomJIeTa JJI SK3aMeHa

HOBOCUBUPCKU I'OCYTAPCTBEHHbBIN TEXHUYECKNUIN YHUBEPCUTET
®akynerer MTO

Bujger No 1
K 9K3aMeHy o auciuruinie «KoMnbroTepHble TEXHOJIOTHH B HAYKE U MAIIMHOCTPOUTEITLHOM
TIPOU3BOJICTBE»

1. Pacuer Basia Ha yCcTalOCTHYIO MPOYHOCTbD.
2. Kakne BO3MOXHOCTH mMeroTcs B Ansys Workbench st reHepaliii CeTKHM B COCTABHBIX
neranax?

YTBepkaato: 3aB. Kapeapoi noixHOCTh, DO
(moamucs)

(mata)

2. Kpurepun ouenku

3awuma cuumaemcs Hey0081emeopUmMenbHOlU, €CI CTYIEHT HE OCBOWJI TEOpPETHYECKU
MaTepHal U He CMOT OOOOIIUTh TEOPETUYECKUIA U MPAKTHUECKUI MaTepHa; OlleHKa COCTaBIISIET
menee 00 Oamos.

3awuma cuumaemcsa cocmoAGWIEUCs HA NOPO206OM YPO6HE, €CIH CTYAEHT OCBOWII
TEOPETUUECKHUI MaTepuai, HO He CMOI 00OOIIUTh TEOPETUUYECKUIM M MPaKTUYECKHI MaTepua;
ouenka coctasisier 10-13 Ganos.



3awuma cuumaemcs cocmossutelicsi Ha 0A3060M YpPOGHe, €CIIA CTYACHT CMOT 0000IIUTH
NPaKTUYECKUN M TEOPETHUECKUI MaTepHal, JOMYyCTHII HECKOJIBKO OMUOOK MPH 3aIIUTE, TPUBEI
HE JIOCTaTOYHO YETKYIO apryMEHTAIMIO CBOEH TOYKH 3pEHHUS MPU OTBETE Ha BOIMPOCHI, OLIEHKA
coctapsieT 14-17 6anos.

3awuma cuumaemcs cocmossuielics HA NPOOBUHYMOM YPO8HE, €CIU CTYIEHT CMOT
0000IIMTh TPAKTUYECKUH W TEOPETHUSCKUH Marepuan, MpHBEN JOCTATOYHO YETKYIO
apryMEHTAaLMIO CBOCH TOUKH 3pEHHs 110 BCEM BOIIpOcaMm, oleHKa coctanisieT 18-20 6amnos.

3. IlIkana ouneHKH

Ecnu crymeHT B cemecTpe paboTan HE CHUCTEMaTHUECKH, B pe3ysbTare 4yero He Habpai
TpeOyemMoe KOIMUecTBO 0aioB, TO €My BbIIaeTCsl JOMOJIHUTENbHOE 3aJaHIe, TEeMaTUKa U 00beM
KOTOPOT'O OIPEIEISIFOTCS IIPENO0IaBaTENIEM.

Ecnu B pe3ynbTare ciauu 3a4era cTyAeHT He HaOupaeT 20 0aioB WM C YYETOM CAauu 3ade-
ta ero cymmapusbiil petuar (OLIEHKA HA 3AYETE + onenka 3a BBITIOJIHEHHE MPAKTHUECKUX
pabot + oueHka 3a BbinonHeHue u 3amuty PI'3) He npesbimaer 49 6aisioB, eMy BBICTABISETCS
orieHka "HeynosierBopurenabHo" (FX) ¢ BO3MOKHOCTBIO TTepeciay.

[Ipu mepecnmave 3auera CTYIAEHT HMMEET BO3MOXKHOCThH IOJYYUTh OILIEHKY He BbImie E
("ynoBneTBOpUTENbHO").

CTyaeHT uMeeT BO3MOXKHOCTh TMOJIYYUTh JOMOJHUTEIHHO 10 20 0ayuioB MpH BBIMOJHEHUU
paboT, He MPEeAYCMOTPEHHBIX OCHOBHOI Mporpammoii ocBoeHusi Kypca. JlaHHble BuABI pabOT
coryiacyrorcs ¢ npenojasareneM. OQHUM U3 BapUaHTOB JIOMOJHUTEIBLHOW pabOThl MOKET OBITH
BBITIOJTHEHHE pacuéTHO-rpaduueckoil paboThI 10 33JaHHOM MperoiaBaTeieM TeMaTHKe.

B o0mieii olieHKe 0 AUCHUIUIMHE OaJUIbl 3a 3a4eT YYUTHIBAIOTCS B COOTBETCTBHUHM C ITpaBUIIa-

MU 68.J'IJ'II>HO'13€I>1TPIHFOBOIZ CHUCTCMBbI, IPUBCACHHBIMU B pa6oqel71 nporpamMme JUCHUIIIINHBI.

HTorosas orjeHka o JUCIUIIIMHE BBICTABIISICTCS COIJIACHO Ta6J'II/II_IC.

Tabmuua
98-100 | 9307 | 90-92 | 87-89 | 83-86 | 8082 | 77-79 | 73-76 | 70-72 | 67-69 | 63-66 | 60-62 | 5050 | 25-49 024
AT A A B+ B B- C+ C C- D+ D D- E EX F
OTJINYHO XOpOoHIo YIOBJIETBOPUTEIHHO HEYJOBJIETBOPUTEILHO
3a4YTCHO HEC 3a4TCHO

4. Bompocsl k 3aueTy no qucuuiuinie «KoMnboTepHbie TEXHOJIOTHH B HAYKe U
MAIIMHOCTPOUTEJIbHOM NPOU3BOJACTBE)
Komneiorepnbrii anauns B cpene APM WinMachine
1. Pacuer coequHEHNS C HATITOM.
. PacyeT KOHNYECKOrO COETMHEHNH.
. PacueT coeaquHeHns TpU3MaTUYECKOM IITMTOHKOM.
. PacueT coenuHeHNs1 CErMEHTHOMN LITTOHKOM.
. Pacyer nmpsiM0OOYHOT0 NIIUIIEBOTO COEIUHEHUSI.
. PacdeTr 5BOJIBBEHTHOTO IIIJIUIIEBOTO COEIUHEHNS.
. Pacuer TpeyrosbHOro NUIMIIEBOTO COETMHEHMUS.
. PacueT npuszmaTnueckoro npopmibHOTO COSMHEHUS.
. Pacyer pe3b00BBIX COEAMHEHUH.
10. PacueT cBapHBIX COEIMHEHUN.
11. IIpoexTHpoBOYHBIH pacueT 3yOuaToW UMIMHAPUYECKOW MpsAMo3y0oil (koco3y0oit)
nepeJayy BHELIIHETO 3aleTUICHNUS.
12. TIpoekTupoBOYHBIN pacueT 3y0uaToil KOHMYECKOW OPTOTOHAIBLHON Mepeavyn ¢ MPSIMbIMUA
(KpyroBBIMH) 3yObSIMH.
13. ITpO€KTUPOBOYHBIN pacyeT YEpPBAYHOM NepeIayn.
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14. IIpoekTUpOBOYHBII pacueT KIMHOPEMEHHON NEPEIayH.

15. [IpoeKTUPOBOUHBIN pacyeT LEMHON epeaadH.

16. Pacuet Basia Ha yCTaJIOCTHYIO IPOYHOCTb.

17. PacueT paaualibHOTO MOIIMITHUKA CKOJBKEHHUS, Pa0OTAIOIIEro B PEKUME KUAKOCTHOTO
TPEHMUSL.

18. PacueT MOOIINITHUKOB KaUyE€HUS.

19. Pacuer ynpyrux 53J€MEHTOB MalllMH: MPOEKTUPOBOYHBIM pPACUET MPYKUHBI CHKATHS
KpPYyIJIOrO TMOMEpPEYHOr0 CEYEHHUS; IPOBEPOUHBbI pacdyeT MPYXKUHBI CXKATUS KPYIJIOro
MIONIEPEYHOI0 CEYEHHUS; IPOEKTUPOBOUHBIN pacyeT MPYKUHBI CKATUSA KBAIPaTHOTO MTOIEPEYHOIO
CCUCHHS; MPOCKTUPOBOUHBIM pacdeT MPYXKUHbI PACTSHKEHUS KPYIJIOro MONEPEeYyHOro CEYCHHS;
IIPOEKTUPOBOYHBIN PACUET MPYKUHBI KPYUYEHUsI KPYTJIOr0 NONEPEYHOIO CEUEHUS.

KomnbloTepHblii anaan3 B cpene ANSYS

OcHosbl padotsl B ANSYS WORKBENCH

1. YUto Ha3bIBaE€TCSI KOHEYHO-AJIIEMEHTHOM MOJIEIbIO?

2. HazoBuTe TUIBI KOHEUHBIX 3JIEMEHTOB. UTO 03HAYaeT MOPsII0K KOHEYHOTO AJIeMeHTa?

3. 3anmmmuTe paspemaromue ypasaeHuss MKD i ctatraeckoro aeopMupoBaHusl.

4. Kak yuyuThIBalOTCS TpPAaHUYHBIE YCIOBHS B MIEpEMEIICHUIX (CBsI3HU)?

5. Kak npuBecTtu pacupeien€HHbIE HArpy3KH K y3JI0BbIM?

6. 3anycture ANSYS Workbench. OtBeTbTe Ha crieqyromniye BOIpoCH:

- Yro nazeiBaercs npoektom B Workbench?

- [1ns yero npeanasHadeHsl okHa Project Schematic u Toolbox?

- Kakue BuIbpl MHXEHEpHOTrO aHaim3a peanusyrorcs Omokamu Static Structural, Transient
Structural, Steady-State Thermal u Modal?

- Kakue ocHOBHBIC 2JIEMEHTHI UMEET KaXKIbIi 0JI0K HH)KEHEPHOTO aHain3a’?

- [1ns yero npeaHa3zHavyeHa KHOMKa Import Ha maHean HHCTPYMEHTOB?

- Jlns uero mnpennasnadenbl kHomku Refresh Project m Update Project ma manemmn
UHCTPYMEHTOB?

7. Co3naiiTe HOBBIM MPOEKT U Pa3MECTUTE B HEM OJIOK CTATUYECKOTO MPOYHOCTHOTO aHAIU3A.
[lepeumenyiite co3ganHblii 0610k Kak «Ctaruueckuil aHanus». [[00aBbTe B MPOEKT elle OJUH
HE3aBHCHUMBII OJIOK MOJIAIbHOTO aHalu3a U 3ajaiite emy ums «MonanpHblil aHanu3». OTBEThTE
Ha CIIEAYIOIUE BOMPOCHI:

- Kakue stamnbl vH)K€HEpHOT0 aHalu3a peanusyroTcs B aneMenTax Geometry, Model, Results?

- UTo moKka3pIBatOT 3HAYKH B MPABOM YaCTH KaKJI0TO dJIeMeHTa OyioKka?

- Kak BbI3BIBaeTCSI KOHTEKCTHOE MEHIO dieMeHTa 0sioka? Kakue koMaH bl OHO COAEPKUT?

- MOXHO JTi 3aMEHUTH BUJ HHKEHEPHOTO aHaliu3a B OJIOKe, He yaamsis ero?

- N3mensites mu mapametpbl K9-cetku B 0sioke «CTaTHIECKUI aHAIIN3Y, €CJIA UX U3MCHHUTH B
o1toxe «MoganbHBIA aHAITHU3»?

8. IMocTapiieHa 3a1a4a: HCCIEIOBATH MPOYHOCTh KOHCTPYKITUH MPH 3aTaHHOM HArpyKCHUU W
HarpeBe 10 BBICOKOM Temreparypbl. Co3laifiTe HOBBIM TPOEKT M pPa3MECTUTE B HEM
HEOOXOIUMBIC CBSI3aHHBIE OJIOKM HHXKEHEPHOTO aHam3a. OTBEThTE HA CIICIYIOIIHE BOIIPOCHL:

- Kaxoii 610k siBIsieTCSI KOPHEBBIM, a KaKOM MOAYUHEHHBIM?

- Kak u3mMeHuTh CBOMCTBA MOAUMHEHHOTO dJIeMEHTa?

- Kak BcTaBuTH HOBBII OJI0K, HE 3a7aBast CBsI3EH?

9. 3amycture ANSYS Workbench, co3maiite HOBBIN OJIOK CTaTHYECKOTO MPOYHOCTHOTO
aHanmmza Static Structural. 3amycture Moaynb ympaieHus wmarepuanamu. OTBEeThTE Ha
CJIETyIOIINE BOIPOCHL:

- Ins gero npeanasnauensl okaa Outline Filter u Outline Panel

- B kakoM OKHE HaxoAATCs CBOMCTBA MaTEpHaIoB?

- Yrto otobpakaetcs B nanensix Table u Chart?

10. Co3paiitre HOBBI MaTepuan ¢ umeHeM «NewMatl». 3anaiite emy ynpyrue cBoiicTBa
(Monyns FOHra u koa¢punment Ilyaccona).




11. M3menute ynpyrue cBoiicTBa Marepuaia «NewMatly, caenaB monyns FOHra 3aBucsanim
OT TEMIIEPATYPHI. 3aJaliTe HECKOJIbKO 3HAYCHUI NTPU Pa3IMYHbIX TEMIIEpaTypax.

12. To6aBbTe MaTepuan Aluminium Alloy u3 crannaprHoii Oubnuorexkn General Materials B
TeKyIIMii Habop MaTepuasioB. MckirounTe MIOTHOCTh ATOr0 MaTepuasa U3 MepevHsi CBONCTB.

13. Haznaubte Aluminium Alloy B kauecTBe MaTepuana, UCIOIb3yeMOTO [0 YMOIYAHUIO JISI
TBEPBIX TE.

14. KakuMu 3a/1a10TCsl TUTACTUUECKHUE CBOMCTBA MaTepuaia?

15. Kakum CBOHCTBOM 3aJar0TCs pPE3yJbTaThl OJHOOCHBIX HCIBITAHUN MaTepuaga Ha
pacTspkeHue/cxarue?

16. B kakoM Mojayje  BBIONHSACTCS  pa3OMEHHE  TEOMETPUUYCCKUX  MOJENCH
KOHEYHORJIEMEHTHOU CEeTKOM?

17. Ha3oBute nBa crioco0a co3IaHus KOHEYHO-3JIEMEHTHON CETKU.

18. OnuiunTe NOpsiA0K AEUCTBUM NIPU CO3/ITaHUN KOHEUHO-3JIEMEHTHOM CETKHU.

19. Kakue sneMeHThl UCHOJIB3YIOTCS MpPH Pa3OMEeHUH OOBEMHBIX Tell, IUIOCKUX 000JI0YeK,
OJIHOMEPHBIX TeN?

20. Kakue Bo3moxxkHocTH uMeroTcst B Ansys Workbench juist reHepaniuu ceTku B COCTaBHBIX
neranax?

21. Kakue ycTaHOBKHM /AJii KOHEUHO-3JIEMEHTHON CETKH I03BOJISIET OCYIIECTBISATH pPas3ael
Sizing okHa HacTpoek?

22. Co3paiiTe HOBYIO OOBEMHYIO MOJIENb B OJIOKE CTAaTUYECKOTO MPOYHOCTHOTO aHAaJIU3a.
3anyctute MOAYyJb CUMYJISIIMU. OTBETHTE HA CIEAYIOIINUE BOIIPOCHI:

- Ins yero npeanasnauensl okHa Graph u Tabular Data?

- YUem otnmyaercs nHGOpMAIUS O IMOMIaroBoi Harpy3ke B okHax Graph u Tabular Data?

- Ha3oBure KOHCTpYKIIMOHHBIE HAarpy3kH, 3anaBaeMble B pasaene Loads mnanenu
UHCTpyMeHTOB Environment.

- Kakue rpaHuuHble yCIOBHUS 3aJal0TCsi B pasfene Supports MaHedn HWHCTPYMEHTOB
Environment?

23. Coznaiite COOCTBEHHYIO KOOPAMHATHYIO CHUCTEMY, OTIUYAOIIYIOCS IO HAMpaBICHHUIO
0Ceil M pacIookKEHHUIO OT TiIobaibHOM. [lepenmenyiite ee.

24. Tlpunoxure K MojAenu TpaBuTanmoHHoe Yyckopenue (Standard Earth Gravity).
Hamnpapnenue yckopeHus 3aaiiTe B0JIb OCH Y MOJIb30BATENHCKOM (BHOBH CO3JJaHHOM) CHCTEMBbI
KOOpJIMHAT.

25. Ilpunoxkute MOMEHT K TOUKE, peOpy WM IOBEPXHOCTH, UCTIONb3yd KoMaHay Moment.

26. IIpu momommu koman sl Fixed Support sxecTko 3akpenute pedbpo MOAEIH.

27. 3anmaiite komanaon Displacement Ha 110001 TOBEpXHOCTH 0OBEMHOTO TeJa MEPEMEIICHUE
Ha -5 MM B HamnpaBiaeHuH ocu X. OTBEThTE Ha BOMPOCHI:

- Kakumu cioco6amu MokeT OBITH 3a7]aHO TepeMenieHne?

- Uto o3Hauaet 3HaueHue «0» 111 KOMIOHEHTHI IEPEMEIICHHUS ?

- Uro o3nauaet 3HaueHue «Free» B 1oje KOMIIOHEHTHI?

28. Buasl HUCTOYHUKOB OJHEPrUM U (PYHKIHMOHAIbHBIE 3aBUCUMOCTH, OIHKCHIBAIOIIUE
WHTEHCUBHOCTD pacrpeiesieHus Teria’?

29. Hcnons3oBath Monyns Heat Input Fitting mactepa cBapku Welding Advisor mns
CO3IaHUs ONIPENICTICHHOTO THUIIA UCTOYHHKA YHEPTHH.

30. Co3math M paccyuTaTh CTAaHAAPTHOE CBAPHOE COEAMHEHHUE C MCIOJIb30BAHUEM MOIYJIs
Welding wizard.



denepanpHOE TOCYIAPCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICITIETO OOpa30oBaHUs
«HoBocuOupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTrpoBaHUs TEXHOIOTUYECKUX MAIIIHH

IHacnopr pacyerHo-rpadguyeckoro 3aganusi (padoTbl)

1o auctuiuHe « KoMmbloTepHbIe TEXHOJIOTHY B HAYKE M MATMHOCTPOUTEIBHOM IPOU3BOJICTBEY, 2
cemecTp

1. MeToauKka OLEHKH

Ha mnepBoM mnpakTHYecKOM 3aHSITHM BBIJACTCS KOMIUIEKT HCXOAHBIX JaHHbIX: 1) Harpysounsie
XapaKTepUCTUKU MPUBOJA TJIABHOTO JABIKEHUS cTaHka (Tabm. 1-6); 2) Ueprexk MINMUHAETBLHOTO Yy3ia
ctaHka (puc. 1). Ha kaxx1oM 3aHSATHM CTYIE€HTHI (MHAUBUAYAIBHO U B TPYIIIIE) OCYILECTBIISIOT O3TAIIHbIE
BBIYHCIICHHS], HEOOXOIMMBIE JUIS POCKTHUPOBAHUS MPUBOA INIABHOTO ABM)KEHUS CTaHKA.

BricraBnenue oneHok 3a PI'3 ocymiecTBiisieTcst Ha OCHOBE BBIMOIHEHHUS M 3aIUTHI OJJHOTO THUIIOBOTO
3ajaHus. 3almTa  pacueTHO-rpadUuecKoro 3aJaHust B COOTBETCTBUM C YPOBHEM 3HAHMIA:
"ynoBierBoputensHo" — 20...26 6amios; "xopomo" — 27...33 6amios; "ommyHo" — 34...40 6ayos.

Pucynok 1. IIpumep uepTexa KOHCTPYKUUH MIMTUHAEIBHOTO y371a

2. Kpurtepuu oueHku

Paboma cuumaemcs ne 6binoHeHHOIL, €CTIV CTYJICHT HE OCBOMJI TEOPETUIECKUN MaTepral U HE CMOT
0000IINTH TEOPETUUECKUIT U TIPAKTHIECKUI MaTepHa; olleHKa coctaBisier MeHee 20 6asoB.

Paboma cuumaemcsa evinonnennoli Ha nOpP0O206OM ypoHe, €CIV CTYACHT OCBOWII TEOPETUYCCKUI
Marepuall, HO He CMOT 000OIIMTh TEOPETUUECKHUI U IPaKTHYECKUi MaTepuai; omneHka cocrasisieT 20...26
0asioB.

Paboma cuumaemcs évinonnenHoll Ha 6a3060M ypoeHe, €CII CTYJIEHT CMOT O0OOIIUTh MPAKTUYECKUN
U TEOPETUYECKUIl MaTepuai, JOMYyCTHI HECKOJbKO OMIMOOK TIPH ONpENICICHHH MapaMeTpOB
MaTeMaTU4ecKOW MOJENH, NMPUBEN HE JOCTATOYHO YETKYI0 apryMEHTAlUI0 CBOCH TOYKM 3pEHHS B
OTHOIIICHUN PAIMOHATIBHOCTH MPHHATHIX PEXHMHBIX MapaMEeTPOB CBAapKH, OIEHKa cocTaBisieT 27...33
0amioB

Paboma cuumaemcsi 6bINOIHEHHOU HA HPOOBUHYMOM YPOGHE, €CIH CTYACHT CMOT OOOOIIHUTH
NPaKTHYECKUH M TEOPETHYECKUH MaTepHai, MPUBEN JOCTATOYHO YETKYIO apryMEHTAIHI0 CBOEH TOYKH
3peHus 0 BCeM pasjiesiaM, olleHKa coctaisieT 34...40 6amios.

3. IIkaJja ouneHkKu

B oOmeli onenke mo maucuurumae Oayiel 3a PI'3(P) yunThIBalOTCS B COOTBETCTBMHU C TpaBUJIAMU
0aJIIbHO-PEUTUHIOBON CHCTEMBI, IPUBEICHHBIMH B paboyeil mporpamMme JUCHUTUIAHBL

Ecim B pesynbrare cmaun 3adeTa CTyneHT He HaOupaer 20 OaioB WM C YY€TOM CIIayd 3a4eTa €ro
CYMMapHBIi peUTHHT (OIIeHKa Ha 3a4yeTe + OlLCHKA 3a BhINOIHeHUE pakTrudeckux pador +OLIEHKA 3A

BBIIIOJIHEHUE W 3AIIUTY PI'3) ne mnpeBbimaer 49 0GamwioB, €My BBICTABIACTCS



orieHka "HeynosieTBoputenbHO" (FX) ¢ BO3BMOXKHOCTBIO Mepecaaun.
[Ipn mnepecnaue 3adyera CTYIAEHT HMMEET BO3MOXKHOCTh IIONYYUTh OIEHKY He Bbilie E
("ynoBneTBOpUTENBHO").

CrTyneHT uMeeT BO3MOKHOCTh MOJIYYUTh JTOMOJHUTENbHO 10 20 6aiioB Mpu BHIMOJIHEHUH padoT, HE
MPEIyCMOTPEHHBIX OCHOBHOM MpOrpaMMoil OCBOEHHUsI Kypca. JlaHHble BUABI paboOT COTIACYIOTCS C
npenogaBateneM. OIHUM U3 BapUAHTOB JIOMOJIHUTEIHHOM PabOThl MOXKET OBITH BBHIMOJIHEHUE PACYETHO-
rpadudeckoil paboThI 10 3alaHHON MpeTnoaBaTeIeM TeMaTHKE.

B o0mieii oreHke mo JUCHUILIMHE Oajulbl 3a 3a4eT YYUTHIBAIOTCS B COOTBETCTBUU C IpaBUIIAMU
0aJIIbHO-PEUTUHTOBON CHCTEMBI, IPUBEICHHBIMH B paboyeil mporpaMme JUCIUTUIAHBL.

Hrorosas OLICHKA IO JUCHUITIIIMHE BBICTABJIACTCA COTIJIaCHO Ta6JII/II_Ie.

Tabnuua
98100 | 93-7 | 90-92 | 87-89 | 83-86 | 80-82 | 77-79 | 73-76 | 70-72 | 67-69 | 63-66 | 6062 | 50-50 | 25-49 0-24
A+ A A- B+ B B- C+ C C- D+ D D- E FX F
OTJIMYHO XOpOIHO yI[OBJ'IeTBOpI/ITCHI)HO HeyI[OBHeTBOpI/ITCJ'IBHO
3a4TCHO HE 3a4YTCHO

4. IlpumepHnsblii nepedyenb Tem PI'3(P)

PekoMeHayeMasi CTPYKTYPA M IPUMMeEP BLINOJHEHHOIO pacquﬂo-rpatj_m'{eCKoro 3alaHUsA

1. Ucxoonvie dannvie:

Ha nepBoM npakTuyeckoM 3aHSTHHM BBIJIAETCSl KOMIUIEKT MCXOJHBIX JaHHbIX: 1) HarpysouHnsie
XapaKTepUCTHKU MPUBOJA TJIABHOTO JABIKEHUs cTaHka (Tabn. 1-6); 2) UepTexx MINMUHAETHHOTO Yy3ia
ctaka (puc. 1). Ha kaxxqom 3aHsTHH CTYIE€HTH! (MHAUBUYAJIBHO U B TPYIIIE) OCYLIECTBIISIIOT IOITAHbIE
BBIUHCIICHHS, HEOOXOAUMBIE SIS POCKTHUPOBAHUS MPUBOA INIABHOTO ABM)KEHUS CTaHKA.

B kauectBe 00OBeKkTa NMPOEKTUPOBAHUS MPEAJATAlOTCS CTAHKU C PYYHBIM U JTUCTAHIIMOHHBIM
yIpaBJIeHHEM — OJIOK UCXOTHBIX JaHHBIX MPHUBEAEH B Ta0M. 1 — 3 UM CTaHKU C YHUCIOBBIM MPOTPaAMMHBIM
ynpasierauem (YIIY) — komrmiekc manubix Tabn. 4 — 6. B mepBoM ciydae peub HAECT O pa3paboTke
IPUBOAA C JIUCKPETHBIM (CTYNEHYaThIM) pEryJHpOBaHUEM CKOPOCTH HCIOJHUTEIBHOTO OpraHa
(mwmuHAens), BO BTOPOM — IPHUBO/IA C MJIaBHBIM (O€cCTyleHUaThIM) PETYJIUPOBAHUEM.

BapuanT 3a1anus popMupyeTcsi Ha OCHOBE IIM(PPOBOT0O TPeXpaspsiHOro KOAd, yCTaHABINBAEMOIO
PYKOBOJMTENIEM KYpPCOBOTO MPOEKTUpOBaHUs. B uacTtHOoCTH, mpu mmdpe 754 HEOOXOIUMO BBINHCATH
JaHHbIE CeAbMON KOJOHKH Tabn. 1 (wmm 4), a u3 Ttabn. 2 (uau 5) u T1abn. 3 (uam 6) — COOTBETCTBEHHO
MATOTO U YETBEPTOTO CTOJIOIIOB.

Kpamko npokommenmupyem npunamolte @ 3a0aHUAX YC108HbBIE 0003HAYECHUAL.

Tabn. 1 u 4 comepxar uHbOpPMAIMIO O THUIOpa3Mepe M Kacce TOYHOCTH CTaHKa, BapUaHTE
KOMIIOHOBKM MPHUBOJIa TJABHOIO JBWIKEHHSA, a TAKXKE O 3HAYEHUU OJIHOM M3 HSKCIUTyaTAllMOHHBIX
XapaKTePUCTUK TOCIEAHET0 — J(PQPEeKTHBHON (HOMHHAIBHONH) MOIIHOCTH Ha IIMUHAENE. 3aJaHueM
MPETYCMOTPEHO MPOEKTUPOBAHKME YHU(DHUIIMPOBAHHOTO NPHUBOJA C TJIABHBIM BpallaTeIbHBIM JIBUKCHUEM
pabouero opraHa JUisi JBYX HauOoliee pACHpPOCTPAHEHHBIX THIIOB METaI000padaThIBAIOIIETO
obopymoBanus: TokapHoro — T u ¢pesepHoro — @. OCHOBHBIM pa3MEpPHBIM MapaMeTPOM JJII TOKAPHBIX
CTaHKOB SIBJISIETCS MAKCHUMAJIbHBIN JIuaMeTp oOpabaTbiBaeMOl eTaiu HaJl CTAHWHOMW, a JUIs (ppe3epHBIX —
mpuHa crona. C ydyetoM (PyHKIIMOHATBHOTO HAa3HAUEHUS U KOMIIOHOBKH MPHUBOJA, KOTOpasi OMpPEesieT
PacIIONIOKEHUE HAIPABIISAIONIUX SJIEMEHTOB HECYIIEH CHCTEMBl METAJUIOPEXKYIIEr0 OOOpYHOBAHUS WU
MOJIOKEHWE OCH IIMUHJEISA B TMPOCTPAHCTBE, YHUBEPCATbHBIE TOKAPHBIE CTAaHKUA MOAPA3JEISIOTCS Ha
natpoHHbie — TII u nentpossie — TL[. CoOTBETCTBEHHO /ISl MHOTOLIENEBBIX TOKApHBIX cTaHkoB ¢ YITY, a
Takke (pe3epHOro 000pymOBaHMS TMpemxycMOTpeHo HakioHHoe — TH, BeptukamsHoe — TB u BO u
ropuszoHTasibHoe — ['® ucnonHenue mpuBoaa. B olmem ciydyae MpOEKTHPOBAHUIO MOJUICKAT MPUBOIBI
CTaHKOB TPEX KJIAaCCOB TOYHOCTH: HOpMaibHOTO — H, moBeimennoro — I1 1 Beicokoro — B.



Tao6bnumpma 1

BapuanTtst
Hcxonnple qaHHBIC
1 2 3 4 5 6 7 8 9 10
Tum cTanka T | BO | T | I'® | TN | BO | Tl | Td | TH | Bd
OcHoHOIi napameTp crana, 160 | 320 | 200 | 400 | 250 | 160 | 400 | 200 | 320 | 250

MM

O¢ddexTrBHAST MOIITHOCTH HA

1,8 6,0 2,4 8,8 3,2 2,4 6,0 3,2 4,6 4,2
mnuHaene, kBt

Krnacc TouHOCTH cTaHKa B I1 11 H B I1 I1 H H B

Tabnuma 2

BapuanTsl
HcxonHele naHHBIE
1 2 3 4 5 6 7 8 9 10
MakcnmanpHas
JacToTa 4,0 2,5 2,5 4,0 2,8 14 2,0 1,6 3,2 2,0
BpallleHus, 10° mun t
OO6mmit HaIa3oH
peryIupoBaHUs 16 25 12,5 14 45 11,2 22,4 10 20 31,5
CKOpPOCTH
Jwnamnazon
PErynupoOBaHUs 5,6 16 5 10 22,4 4 11,2 6,3 8 12,5
ckopoctu ¢ N=const
Aomyctimas — noteps | g4 40 20 40 50% 30 30 40 40* 20
CKOpPOCTH pe3aHus, %
Taoaumma3
HcxonHble nanHble Bapuan!
JIHBIC AL 1 2 3 4 5 6 7 8 9 10
Cuctema ympaBJieHHUS
MIPUBOJIOM A P A P A P A P P A
Texumuecknii —pecype | 5g 14 11,2 10 16 17,5 12 18 12,5 15
npuBoja, 10° g
Pexxum  HarpyxeHus
— JI T C JI T C C T C JI
npusoga N /N,
Cucrema cMa3bIBaHUS
MIPUBO/IA 3 u a 1 a u a u u &
Taonuma 4
BapuanTsl
Hcxoaubie 1aHHEBIC
1 2 3 4 5 6 7 8 9 10
Tum craHka TH B®D TH T'o TB B TB o TH Bo®
OcHobiol napametp 500 | 320 | 400 | 250 | 500 | 400 | 400 | 200 | 320 | 250
CTaHKa, MM
O¢¢dexTrBHAsT MOIIHOCTH HA 14 8 3 12 6 16 10 4 6.8 5
muHAene, KBt
Knacc TouHocTu cranka I1 B B I1 B 11 I1 B B I1




Tab6unuma 5

BapuanTtsl

HcxonHble naHHBIE
1 2 3 4 5 6 7 8 9 10

MaxkcumanbHas

4acToTa ; | 50 28 45 3,2 2,0 5,6 2,5 6,0 4,0 3,6
Bpamienus, 10° Mun
1

O6muii  AuamnasoH
peryIHpoBaHUA 110 65 80 100 85 90 75 60 120 70
CKOPOCTH

Jnanazon
peryJMpoBaHus 40 12,5 24 28 20 32 10 8 36 16
ckopoctu ¢ N=const

Bun
3JIEKTPONPUBOAA

Tabnuma 6

WcxonHble BapuasTs
JaHHbIE 1 2 3 4 5 5 7 3 9 10

Cucrema
yIpaBlIeHUS r 2 2 r 2 r 2 r r 2
TIPUBOJIOM
TexHuueckuit
pecypc 20 | 14 | 112 | 10 |16 | 175 | 12 | 18 | 125 | 15
IpUBOJA, 10% 4
Pexnm

HarpyXeHHUS

pHBOJA N
/N HOM

OcraBuiiecss TaOMUIBI BKIIIOYAIOT CBEJIEHHS O CKOPOCTHBIX BO3MOXKHOCTAX, PEXHME
paboThI MPUBOJIa U OCOOEHHOCTSIX KOHCTPYKTUBHOT'O MCIIOIHEHHUS €r0 OTJENIbHBIX CUCTEM.

OOummii nuanasoH peryaupoBaHMs OTpa)kaeT OTHOIIEHHE MAaKCHUMAaJbHOM YacTOTHI
BpalICHUs IINHAHJEAA K MUHUMAIbHOW. J[Mama3oH perylnupoBaHUs ¢ MOCTOSSHHONM MOLIHOCTBIO
MO3BOJIIET HANTH 3HAUEHUE TaK HA3bIBAEMON pAacyeTHOM YacTOThl BpalICHMsI IPUBOJA.
JomyctrMast 1oTepst CKOPOCTH pe3aHMsl IPEAONPENENsieT BEJIWYMHY 3HaMEHaTelns ¢
TEOMETPUUYECKOT0 psAZla 4acTOT BpALICHMs NMPUBOAA C JAUCKPETHBIM PETYJIMPOBAHUEM, MPUYEM
3Hau€HUE TMOTEPU CKOPOCTH, OTMEUYEHHOE 3BE3/I0YKOW, MIpHcylle OosblieMy ¢ (CTpyKTypa
IpUBOJA C JABYMsI 3HaMeHATelasIMU psna). s CTaHKOB € IUIAaBHBIM PEryJIUPOBAHUEM €ro
BEJIMYMHA, KaK U3BECTHO, paBHA HyI0. [Toatomy i crankos ¢ UITY BMecTo sTOrO0 napamerpa B
KaueCcTBE MCXOJHOTO JAHHOTO BBEJIEHO JPYroe TpedoBaHUE: BUJ dJIEKTponpuBoaa (tadmn. 5). B
3TUX CTaHKax OecCTyNneHYaToe M3MEHEHHE YacTOThl BpAIlEHUs IIMHUHAEIS MOXXHO 00eCreunuTh
yTeM MPUMEHEHMs 3JIEKTPOJBUTraTelNs JUOO MOCTOSHHOro Toka — I, mub0o acMHXpPOHHOIO ¢
YaCTOTHBIM PETyJIUPOBAaHUEM — A.

[IpuBomam cTaHKOB OOIIET0 Ha3HAYEHHs NPUCYIIM JBAa TUIA CHUCTEM YIPABIICHUS:
pyuHon — P u nucranunonHusiil — [I. Ilocinenuss, kak u B crankax ¢ UIIY, KOHCTpYKTUBHO MOKET
OBITH BBINMOJIHEHAa Ha 0asze ayieKTpudeckod — O unu rugpasinudeckoid — [ sHepruit. Pexum
HarpyxeHust (nerkuit — JI, cpemumit — C, Tsokensiii — T) oTpakaeT OTHOIIEHHE CpegHEH
MOIIIHOCTH, PpEeaJu3yeMON B IIpPOIECCE€ JKCILTyaTalid CTaHKa, K HOMHHAJIBHOW MOIIHOCTH
npuBoja. CTaHKU C YHHBEPCAJIBHBIM XapaKTEPOM BBIINOJIHAEMBIX TEXHOJOTHYECKUX ONEpaLuil
ocHamraroTcs (Tadi. 3) AByMs TUITAMH CUCTEM CMa3bIBaHUS MPUBOJIA: MHAUBUyaTbHONU — U vn
HeHTpanusoBaHHoN — L. Bece npyrue pemeHus, BBIXOAAIIME 38 paMKU TEXHUUYECKOTO 3aJaHUs,



MPUHUMAIOTCS CTYJCHTaMH CaMOCTOSITENIbHO, HO HauOoJee NPUHIIUITUAIBHBIE BOMPOCHI
HEOOXOOUMO B  00S3aTENbHOM TOPSIIKE COIJIacoBaTh C  PYKOBOJUTENIEM KypCOBOTO
MIPOCKTUPOBAHUSI.

3ajaHue:
1. IToctpouts 3D Momenu Tpex pa3InYHBIX MIMUHACIEH B Tpad)UIeCcKOM PEeIaKToOpe;

2. [TocTpouTh UX pacyeTHbIE MOJICIIH;

3. OnpenenuTs 3amac NPOYHOCTH KaXAO0TO IITTAHEIS;

4. OnpenenuTs MNOJHYIO AePOopMaIUI0 Ka)XA0T0 IIMUHENS;

5. [IponsBecTr BEIOOPKY ONTUMAIIEHOTO BapHaHTa KOHCTPYKIIUU IIITAHICIIS.

2. OcHosHas yacmb pabombi:

[IpoBeneHne MaTeMaTHYECKOTO  MOJICIMPOBAHUS  HAIMPSHKCHHO-ACPOPMUPOBAHHOTO
cocrosiHusl (HC) KOHCTPYKTHBHBIX 3JIEMEHTOB IPHUBOJA TEXHOJOTHYECKOro 000pymOBaHUsS C
UCIIONIb30BaHUEM  cepTUUIUpoBaHHbIX KomiuiekcoB APM  WinMachine u  ANSYS.
[IpencraBnenue pesynbraToB pacuera HJIC Marepuana npu JOEHWCTBUU TEXHOJOTMYECKOU
Harpys3KHu.

3. Bb1600bl.
4. Cnucok ucnonb308aHHOU Tumepamypbl

J171si BBITIOJTHEHUS 33JIaHUS CTYACHTBI UMEIOT JOCTYIT K COBPEMEHHOMY KOMITBIOTEPHOMY
000py/I0BaHUIO, HA KOTOPOM YCTaHOBIIEHBI MPOTPaMMHbIE KOHEYHO-3JIEMEHTHBIE KOMILIEKCHI
APM WinMachine u ANSYS. Kontpons BemonHerust PI'3 mpoBoauTcst B ceMecTpe Ha KaXJI0M
MPAKTUYECKOM 3aHATHUH.

HDHMeD BbINOJIHEHHOLL pa60mb1:

HcxonHble 1aHHBIE

Marepuaisi [3]:
1. Cranb 40X, o692 = 315 Mlla, p=7820 Kr/M3;
2. Cramb 45, 602 =275 Mlla, p=7826 KF/MS;
3. Craib 38XA, 692 =490 MIa, p=7850 kr/m’;

- —_ =

Pucynok 1 — Ockus mmnuHaens

Tabmuma 1
Vcxonubie JaHHbBIE 715 pacyeTa CUI pe3aHus
Junawmetp 3arotoBku, D 100 MM
Mom#nocts, N 6 kBT
MesxoceBOoe pacCTOsSIHUE, Ay 149 mm
[Tepenarounoe uncio, U 1,6




1 PacuyeT ciJj pe3aHus
OnpenenuM CKOPOCTh pe3aHus o Gopmyre:

C, 340
V, = ey Kv = ooz 17045 0,904 0,98 = 142,57 M/MuH.

rae Vp — pacyeTHas CKOPOCTh pE3aHus, M/MHUH;

T — nepuon croiikocT MHCTpyMeHTa, MuH [1];
t — rnyOuHa pe3anus, Mm [ 1];
S —nonaua, MM/06 [1].
3Hast pacYeTHYIO CKOPOCTh PE3aHHMs, HAWIEM YacTOTY BpPAIlCHUS IIITHH]IEIIS:
n= b o_ 14257 454 — 500 06/MuH
“m-d 314-01 '
Toraa dakTuueckas CKOpOCTh pe3aHus OyJIeT paBHa:

,=n-m-d=500-3,14-0,1 = 157 M/MMUH.

[Tocne 3TOTO, paccunTaeM CHIIBI pe3aHus:
Jnst pacdera cui pe3aHus, HEOOXOAMMO 3HATh KOd((HUIHMEHTH, KOTOpble Oepem u3
CIPAaBOYHHMKA MALIMHOCTPOUTEIIS; M MTOJCTABIIsIEM HX B cienyromue Gopmyss [1]:

P, =10-300-1,7*-0,9%7°.v °*°
P, =10-243-1,7°°.0,9%% .v °3
P, =10-339-1,7-0,9%°.v 4
HOI[CTaBJ'I}IeM pPaCCUUTAHHYIO PAHEC CKOPOCTDb pE3aHusd, U OIIPCACIISIEM CUJIbI PE3aHUA:
P, =10-300-1,7*-0,9°7°-1577%* = 2290 H
P, =10-243-1,7*°.0,9%°.1577°° =804,67 H
P, =10-339-1,7*-0,9°°.157 %* = 72116 H

KPYTHH_II/Iﬁ MOMCHT, MOMCHT n3ruba u MOIIHOCTBb HAXOJHUM II0 (1)opMyJ1aM:
_P,-D_2290.-0]1

M, —1145H * u
2
d 0.1
Myor = Py 5 = 721,16 - === 36,05 H - m
o _Mgon_1145-500
~ 9554 9554 T

Takxke, Bocronb3yemcst pacueramu, BeinoiHeHHbIME B APM Win Machine panee (cM. prcyHOK
2).



Cunel B 3aUEnAEHNN pod

Fa.. 00 [H]
Fri. B2BETE  [H]

Ft... 1727273 [H]

B 6.5 [Fear]

R.... 420 [1t]

| [pogomHTe

[pepeare

=™ —_—
Pucynok 2 — Cubl B 3alleTIJICHUT

2 Onpenenenue ko3¢ ¢uuuenTa 3anaca NPOYHOCTH U MOJTHOH Aedopmanun

1 wnundeny (Cmanv 40X, oo =315 MIla, p=7820 K2/m®)
3D mopens mmuHaes cosaaeM B cpene SolidEdge.
[MTocne 3amycka Ansys Workbench, noGaensiem B paGouyro 00iacTh MpOEKTa MOAYIb

Static Structural, xotopslii ompezessier HabOp MapaMeTpoB, HEOOXOMUMBIX IS TPOBEACHHS
CTAaTUYECKOTO aHaIu3a (CM. PUCYHOK 3).

4).

I\ Unsaved Project - Workbench - [u] X

e Vew Tooks Units Extensions Help

silimport... | g Reconnect () Refresh Project 7 Update Project

st
Static Structural (Sameef)
Steady-State Thermal

ermal (Samcef)

v

View All | Customize.

®
Fl

k I

i1 Show Progress %1 5how 1 Messages

Pucynok 3 — Moayns Static Structural

Haunnaewm ¢ noapasaena «Engineering Datay
Yka3bIBaeM MaTepuraJl IMIMUHACIIA, a TAKKE H606XOI[I/IMLIC XapaKTCPUCTHKU (CM. PUCYHOK



N rpoect - Workbench
fle Edt Vew Took Units Extensons Help
ﬁg B2:EnginceringData %
e

Physical Properties
Linear Elastic 1| Temperatwe () | Densiy fgme3) v
Hyperelastic Bxp erimental Data 2 7820
Hyperelastc -
Chaboche Test Data
Plasticity 3 Fatigue Data at zero mean stress comes from 1353 ASME BPY Code, Section 8, Div 2,
Table 5-110.1

Creep
Life v B X
Strength o B
Gasket 1 P 5 Value
Viscoelastic Test Data. 2 Density 720
Niracl=i N Gy sotropic Secant Coeffcent of Thermal
‘Shape Memory Alloy Expansion
Damage 6 |B Isotropic Blasticity
TT—— 7 Derive from Youngs... .
——— 8 Yfoung's Modulus 2,1E+05 MFa 52

] Poisson's Ratio 03 -

o Sak Moddus o=vra - Chart of Properties Row 2: Density

1 Shear Modulus 8,0769E+10 | Pa &

12 7] Alternating Stress Mean Stress Tabular ‘E e Dersity ==

16 /A strain-Life Parameters £ u;

24 /] Tensie Yield Strength 315 MPa T o8 il

25 7] Compressive Yield Strength 315 MPa JE

2 7] Tensie Ultimate Strength 800 MPa 2 06

27 7] Compressive Ultimate Strength 800 MPa % 05

e 04
h s o 0 1

T View Al Customize... | | Temperature (<]

Pucynok 4 — XapakTepucTuku Matepuana

Hanee, ¢ nomormpo DistguModeler ummoptupyem Mozens WINHHAETS B KOMILIEKC ANSYS (cM.
PHUCYHOK 5).

Pucynok 5 — 3D mozaens mmuHIes

Janee, pabotaem ¢ moapasaenom «Modely

I'eHepanysi KOHEYHO-3JIEMEHTHOH CEeTKH

B pasmene nmepeBa maremarmueckoir mogaenu «Modely ocymectsiasiem moctpoeHue
KOHEYHOH ayieMeHTapHoi ceTku. O003HayaeM MpearnoyYTHUTENbHBIM MEeTOA pa3OueHus: CeTKU -
HexDominantMethod (cm. pucyHok 6).

Pucynok 6 — KoHeuHo-3/1eMEHTHas CeTKa
Janee mepexoaum B moapasaen «Static Structuraly.
C nomompio Merro Inertial HasHayaeM HWHEPIMOHHBIE HArpy3KH: CKOPOCTH BpaIlEHHUS
MIIUHIET.



Hcnonb3ys paszmen Supports paccraBisieM TpaHUYHBIE YCIOBHUS, ONpEACISIONINe
3aKperieHne aeTanu (MOAMUITHUKY, TOJIBUYKHBIE U HETIOJBUKHbIE).

B pasnene Loads 3aaeM KOHCTPYKIITHOHHBIC HATPY3KHU: CHIIBI © MOMEHTBI.

C nomoursio komanasl Moment Harpy»kaem aetanb 3aJaHHBIMU MOMEHTaMHU.

Komanpoii Force Harpyxaem fetaib A€MCTBYIOIMMHU Ha HEE CHIIAMHU.

[TonHOCTBIO HAarpy3WB M 3aKpENHB LINUHIEIb, Mbl UMEEM KOHEUHYIO MOJIE]b, TOTOBYIO
JUTSL IPOBEJICHUSI paCYeTOB (CM. PUCYHOK 7).

[€] Fixed Support
[D] Displacement
. Moment: 114,5 N-mm
[E] Moment 2: 14,5 N-mm
[B] Moment 3: 36,05 N-mm
[H] Force: 1838,1 N

[ Fa: 721,16 N

[ Fr: 804,67 N

Pucynok 7 — IIpocTaHoBKa CHJI 1 MOMEHTOB, IEUCTBYIOIINUX HA IIMUHAEIb

ITocite TOro, Kak Mbl yKa3ad HEOOXOJMMBbIE JTAaHHBIE, MOYKHO MTPOM3BECTH pacueT. Onpenensiem
pesynbrar Hammx Berurciaenuit (Total Deformation, Equivalent Stress) B pasmene «Solutiony, a
takxe Safety Factor B pasumene «Stress Tool» (cm. pucynku 8-10).

0,0024518
0,0021792
0,0019068
0,0016344
| 0,001362
| 0,0010896
0,00081719
| 0,00054479
0,0002724
0 Min

Pucynoxk 8 — O0mue aedopmanuy mmuHICIs



0,00031671 Min

Pucynoxk 9 — DxBuBaneHTHBIC AehOpMAIUU IITTHH/ICIIS
1
15 Max

15 Min
0

Pucynok 10 — 3anac npo4yHOCTH HINUHAEISA

[Tocne mpoBeneHUs pacueToB HEOOXOAWMO OIpPENEIUTh OTKIOHEHHWE 3epKaia mmnuuaensd. Jus
ATOTO MPOU3BOIUM 3aMep HauOOJBIIIETo 3HAUCHHUS Ha 3epKalie MMUHENs (CM. pUcyHoK 11).

Time: 1
29122015 15:04

0,0024516 Max
0,0021792
0,0019068
0,0016344
0,001362
0,0010896
0,00081719
0,00054479
0,0002724

0 Min

1,2644e-003

Pucynok 11 — U3mepeHrie MaKkCUManbHOTO OTKJIOHEHUS
B pesynomame, ona 1 wununoena (Cmans 40X, 60,= 315 Mlla, p=7820 KZ/Ms) umeem:
— Koaddunuent 3anaca npoyHocty mmuHaens — 15;
— Otkionenue nepeanero kouna mmuaaesns — 0,0012644 mwm.



1 wununoens (Cmans 45, 6o, =275 MIla, p=7826 Kke/m®), (pucyrnoxk 12).

ils Max

Pucynok 12 — 3anac npo4yHOCTH IIITUHIEIA

— KoaddumnuenT 3amaca npouynocty mmuHaens — 15;

— Otkiionenue nepeanero konna mnunaesns — 0,0013204 mwm.

1 wununoens (Cmanev 38XA, 6o,=490 MIla, p=7850 KZ/M3), (pucynox 13).

Pucynok 13 — 3anac npo4yHOCTH HINUHAEISA

— Koa¢pdumment 3anaca npounocty mmuHaes — 15;

— Otkiionenue nepeanero konua mnuHaens — 0,0013517 mwm.

Jns ocTanbHBIX IIMHUHAEIECH MNPOBOJMM aHAJIOTUYHBIE NEWCTBUS. B pe3ynbrate pacueroB
MPOU3BOJUM OIICHKY Kod(duirenTa 3amaca MPOYHOCTH M OTKIOHEHHs] TEPeTHEro KOHIA

ITTUHACIIA.

I[J'IH YI[O6CTB8. BOCIIpHUATHUSA, CBEACM BCC IOJTYUCHHBIC TaAHHLIC B Ta6J'II/II_Iy.

Pesynbprare! pacuera

Tabmumna 2

Mnuaaens 1 Mnuagens 2 Mnuaaens 3
(9 82,56) (D 72,65) (©92,47)
Koadduuuent 3anaca 15 15 15
MIPOYHOCTH
Cram, OTKIOHEHHE TTepETHETO
40X perl 0,0012644 0,0012217 0,0012338
KOHIIA IIITHHIENS, MM
Koadduuuent 3amaca 15 15 15
MPOYHOCTH
Cram, OTKJIOHEHHE TIEpEeTHETO
45 pel 0,0013204 0,0012217 0,0012977
KOHI[A IIIMUHIESA, MM
Koaddumument 3amaca 15 15 15
MPOYHOCTH
Cram, OTKIOHEHHUE TTEPETHETO
38XA pel 0,0013517 0,0012966 0,0013243
KOHI[A IIIUHIESA, MM




3 OnpeneieHne ONTUMATBHOIO0 BAPHAHTA

[IpousBenss Bce HEOOXOAMMBIE PACYETHI, BOCIOIB3YEMCS MPOTPAMMHBIM MPOTYKTOM
Table Curve 3D mist moctpoeHus rpaduka MOJYYIHUBIINXCS 3HAYCHUN M 3aBUCUMOCTEH.
[TosrydeHHbIE IPU pacyeTe JaHHBIE BHOCHM B TaOIUILy (CM. pUCYHOK 14).

(= TableCurve 30 Editor =23
XYZ# Ex X ¥ z Weights j
1 315 72,65 0.0012217 1 oK |
2 315 5255 0.0012544 1
3 315 92.47 0.0012338 1 Cancel |
4 275 7265 0.0012217 1
5 275 82.56 0.0013204 1 Help |
& 275 92.47 0.0012877 1
T 480 7285 0.0012955 1 [~ AutoEntry X
8 490 82.56 00013517 1 ™ AutoEntry ¥
[ 480 92.47 0.0013243 1 I~ AutoEntry Z
[+ AutoEntry W

I

Calculation

I~ Zpply Calc

Save

Graph

dJ

Titles

Sort Table

5 15 5 5 5 o 5 5 o o o 5 o

Beverse

Fiy

i

Clear All

EE;I Iﬂl Qeletel Insert I Hext I Copy | Cut | Paste | VI [}IEEE;'

Pucynox 14 — BBox qaHHBIX

Koaddunuent X (0'0’2) — Ipezell TEKYYEeCTH CTallu;
Kosddurment Y (D) — nnamerpsl nepenero KoHIa IIMHHAEIS;

Kosppumuent Z (§) — oTKIOHEHHE TIEPETHETO KOHIIA IITTHHJIEISL.
Janee, moixyyaem rpaduk (cM. puCyHOK 15) U 3aBUCUMOCTb.

Pucynoxk 15 — I'pahuueckoe oToOpaskeHUe pe3yIbTaToB



§=10.017 4+ 1.63-1076 - gy, + 6.068 1075 - D 4 5.797 - 1078 - g ,2 + 1.219
+1076-D2 — 6.149 1077 - g5, * D — 5.964 - 1071 - g, ,3 — 1.102
+1078 - D3 4 2.689 - g, - D2 4+ 2.089- 10720 - 5,2 - D

ITocne sToro HCO6XO,Z[I/IMO IIPOU3BECTHU aHaIUW3 W OLCHKY IJIsI TOTO, IITO61)I BBI6paTI) HaI/I60J'Iee

BBITO/IHBIN BapUAHT ¢ DKOHOMHUYECKOW TOUYKH 3PCHHSI U OOECICUEHUs] TOYHOCTH (CM. PUCYHOK
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Pucynok 16 — Ananu3s pe3ynbTaToB

Ha panHom rpaduke o0nactb, HaxXoAsIIascs cleBa 10 JHHHH, COOTBETCTBYET
JIOTTyCTUMOMY OTKJIOHEHHIO TIEPETHETO KOHI[A IIIMUH/IETIS.
Touku, ykazpiBaromue HauOoliee OIArompusTHbIE COYETaHHS (PUIUKO-MEXaHUYECKUX
XapaKTEPUCTUK U TUTIOPA3MEPOB IITTHUHIEIS:
— 1.40X (27,9 py6/xr) — D = 72 mm;
— 2.38XA (97 py6/kr) — D =72 mm;
— 3.38XA (97 py6/kr) — D = 82 mm;
— 4.38XA (97 py6/xr) — D = 92 mm.
N3 rpaduka BUAHO, 4TO HEOOXOAMMBIM YCIOBUSIM Jae(opManiuu OTBEYAIOT IIMHHACIH,
M3TOTOBIICHHBIE M3 cTaln 38X A, a Taxke mmuHaenb D = 72 mm u3 cranmm 40X.
MoskHO caenath BBIBOJ, YTO Hanbojee ONTUMAIbHBIM BAPUAHTOM SIBJISIETCS IITIHHIETH
u3 ctanmu 40X (Touka 1), Tak Kak JaHHBIA MaTepual UMEET CaMyl0 HU3KYIO CTOUMOCTb.

BriBoa

B nmannoii pabore ObUT TPOBEACH pacueT Ha ompeneraeHue oOmied aedopmanuu 1
Kodd¢uimeHTa 3amaca MPOYHOCTH PA3IUYHBIX I[IMUHAENEH C MOMOIIBI0 MPOrPaMMHOTO
IpoayKTa Ansys.

Pacyersl mokaszanu, 4TO BCe MIMUHAECNM MPOXOASAT MO 3amacy MpoYHOCTH. Takxke
MOCTPOWJIN TpauK, UCXOMAS W3 MOJYUYEHHBIX OTKJIOHCHUM IIMHUHIETS, TUAaMETpPOB U (PU3MKO-
MEXaHHYECKUX CBOWCTB MaTepUaoB, UCIIONB3Ys porpaMMHbIid mpoaykT Table Curve 3D.

[IpousBens ananu3 rpaduka, OMpeneTwIv, YTO HAaWOOJIee BHITOAHBIM IIMUHICIEM 10
HYKOHOMUYECKOM, TPOYHOCTHOW M TOYHOCTHOW XapaKTEPUCTUKE SBISETCS MIMUHACIh U3 CTaIU
40X, c D =72 mm, 6p2=315 Mlla, p = 7820 Kr/mC,

Cnmcok urepatypsl
1. BacoB K. A. ANSYS st KoHCTpYKTOpOB. [DnekTpoHHBIH pecypc] / bacos K. A. —

Pexxum noctyma: https://ru.wikipedia.org/wiki/ANSY S— 3ari. ¢ skpana.



2. ApectoBa, O. H. APM WinMachine[Onektponnsiii pecypc] / O. H. ApecroBa —
Pexum Jocryna:
http://apm.ru/produkti/programmnie_kompleksi/sistema_rascheta_proektirovaniya_obektov_mas
hinostroeniya/— 3ar. ¢ skpana.

O06bem mosicHuTeNnbHOU 3anmucku 20-25 ctp. kommbeloTepHOro Habopa. dopmar Oymaru
A4 — 210 x 297 mM. Ha TUTYyIbHOM JUCTE OJDKHBI OBITh yKa3aHbl AMCLUUIUIMHA, HOMEpP U
HauMeHoBaHue TeMmbl P13, damunus, uMsa u rpynna crygaeHTa. TUTYIbHBIN JTUCT 0GOPMIIICTCS
no oOpasily, npuBeneHHOMY Ha pucyHke 1. OcHoBHbIe cocraBistoniue PI'3: comepxkanue,
BBEJICHUE, OCHOBHAS 4YacTb, 3aKJIIOYCHHE, CIIMCOK MCIOJBb30BaHHOM JUTEpaTyphl. bpomuropoBka
paboThI oMKHA OBITh KHUKHOM; TOJIsL: cBepXy — 2,0 cm, crneBa — 1,5 cm, BHU3Y — 2,0 cM, cipaBa
— 3,0 cm. lpudt Habopa Texcra nopkeH ObITh 12-14 myHKTOB. MEXCTpOYHBIA HHTEPBAI
HNOJMYTOPHBIH. TeKCT JOKeH WIUTIOCTPUPOBATHCS — CXeMaMH, TpaduKaMH, pPHUCYHKAMH,
TabnuuaMu. PUCYHKH JAOMKHBI OBITH CZeNlaHbl B BEKTOPHOM rpaduueckoM penakrope (Kommac,
AutoCAD, CorelDraw, u T.1.) U MOTYT OBITH pPAaCIOJIOKEHBI Ha OTIENBHON CTpaHUIE.
[TonpucyHouHass TONMUCH JOJDKHA pacIoyiaraThCsl IMOJ PUCYHKOM. Hymeparuss puCyHKOB
ckBo3Has1. CMCOK MCIONIb30BaHHOM uTeparypsl opopmisiercs mo OCT.



denepanpHOE TOCYIapCTBEHHOE OI0/KETHOE 00pa30BaTEIbHOE YUPEKICHNE
BBICITICTO OOpa30BaHUs
«HoBocubupckuii rocy1apCTBEHHBIA TEXHUYECKHI YHUBEPCUTET
Kadenpa npoekTupoBaHUs TEXHOIOTUYECKUX MAIIHH

HacnopT 3a;[aHn171 JJIST BBIMIOJTHEHUSA MPAKTHYCCKUX pa60T
10 AUCIOUIIJIIMHE «KOMHBIOTCpHBIe TCXHOJIOTHHU B HAYKC U MAIIMHOCTPOUTCIIBHOM IIPOU3BOJACTBC,
2 ceMecTp

MeTtoanka oleHKH

Jljig 3aIuThl MATH MPAKTUYECKUX PadOT CTYIEHTaM MpeiaracTcsl BHIIOJIHUTH CIASAYIOUINI TUIIOBOM
Habop 3amanuii: Ilpaktuueckas pabora No 1: «CraTHCTUYECKUU aHaNW3 HAMPSHKEHHOTO COCTOSIHHS
KOHCTPYKTUBHBIX 3JIEMEHTOB CTAaHOYHBIX NMpUBONOBY»; [IpakTuyeckas pabora Ne 2: «[Ipenporeccunr u
reHepalusi KOHEYHO-dJIeMeHTHOW ceTku»; [Ipaktmueckume paborer Ne 3: «TemoBoilt aHamm3y,
[Ipaktnueckas pabora Ne 4: «MopganpHblii aHamu3», IIpaktudeckas pabora Ne 5: «OG6paborka
pe3yJIbTaTOB MOJEIUpOBaHMs». PacnpeneneHue 3aiaHuil NPaKTUYECKMX 3aHATUH 10 MPOBEPSIEMBIM
KOMIIETEHIMSIM yKa3aHo B Tabnuie «OO000IieHHas CTpyKTypa (OHIa OLIEHOYHBIX CPEACTB Yy4eOHOM
JUCIUILIAHBD.

BricTaBneHne O1eHOK Ha MPAKTHYECKOM 3aHITHH OCYILECTBIISIETCS HA OCHOBE BBIIIOJIHEHHUS U 3AIIUTHI
OJIHOTO THUIIOBOTO 3a/aHusi (CM. BbILIE). 3alluTa MPAKTUYECKOW paboThl B COOTBETCTBHM C YPOBHEM
3HaHui: "ynomierBoputenbHo" — 4 Oamr; "xopomo" — 5-6 Oamma; "otnuyHo" — 7-8 OGamnos.
MakcumanbHOe KOJIMYECTBO OajuloB, KOTOpbIE MOXHO 3apaboTaTh 3a BBIIOJHEHHE W 3aIUTY
MpaKkTHYECKUX padboT coctapseT 40 6ayoB.

Kpurepuu onenku

Paboma cuumaemcsi ne 8bInoONHEHHOI, €CTV CTYJCHT HE OCBOWJI NMPAKTUYCCKUH M TEOPETUUCCKUIN
MaTepHaIbl; OIICHKA COCTABJISCT MeHee 4 OalIoB.

Paboma cuumaemcs 6vinonnenHolu Ha NOPO20BOM YPOBHE, €CIIA CTYACHT OCBOWII MPAKTUICCKUI
MaTepuaj, HO He CMOT 0000IIUTh TEOPETHYSCKUI MaTepUall, OIICHKA COCTaBsieT 4 Oalia.

Paboma cuumaemcs evinonnennoil Ha 6a3080m yposHe, €CIM CTYICHT CMOT 000OIINUTH MPAKTUICCKUIN
U TEOPEeTHYECKHH Marepuall, JOMYyCTHJ HECKOJBKO OMIMOOK TpH OIpeleieHHH IMapaMeTpoB
MaTeMaTHYECKON MOJISIIH, TPUBEN HE JIOCTATOYHO YETKYIO apTyMEHTAIMIO CBOWX JICHCTBUH M BBIBOJIOB,
OIIEHKAa COCTaBJIgeT 5-6 0amioB.

Paboma cuumaemcs 6vinonHenHou Ha RPOOBUHYMOM YPOGHe, €CIIH CTYICHT CMOT 0000IIUTH
MPAKTUYECKU W TEOPEeTUYECKUH Marepual, MNPUBET JOCTaTOUYHO YETKYI0 apryMEHTAllMI0 CBOUX
JCUCTBHI MPHU MIOCTPOSHUH MaTEMaTHIECKOW MOJICIH, OT[CHKA COCTaBIsIeT /-8 OalljIoB.

Ixkana oueHku

B 00mieit onienke 1Mo IUCIUIUIMHE OaluTbl 32 MPAKTUUYECKHUE 3aHSTHUS YUYUTHIBAIOTCS B COOTBETCTBHH C
MpaBUjiaMu OAJTEHO-PEUTUHTOBOM CUCTEMBI, TPUBEJCHHBIMHU B pabodell mporpaMMe TUCIUTITAHEI.

Ecnu B pe3ynbTare caauu 3adera CTyAeHT He HaOupaeT 20 GayoB UM C yU4ETOM CIaud 3ayeTa
ero cymmapueiii  peutuHr (omenka Ha 3adere + OLHEHKA 3A BbBIIIOJIHEHUE
IMPAKTHUYECKHUX PABOT + onenka 3a BeimonHeHHe U 3amuTy PI'3) He npeBbimaeT 49 6annos, emy
BBICTaBJISIETCA OIleHKa "HeynoBiIeTBOpUTENbHO" (FX) ¢ BO3MOXKHOCTBIO TIEpeciayn.

[Ipu mnepecnaye 3adera CTYJIEHT HMMEET BO3MOXKHOCTh TIOJYYUTh OLEHKY He Bbime E
("ymnoBnerBopuTenpHO").

CryneHT uMeeT BO3MOKHOCTh MOJNYYUTh JOMOTHUTENbHO 10 20 6alioB MpHU BHIMOJIHEHUU paboT, HE
MPEelyCMOTPEHHBIX OCHOBHOM MNporpamMmon ocBoeHHusi Kypca. JlaHHble BHABI pabOT COIIACYIOTCS C
npernogaBateneM. OJTHUM U3 BapUAHTOB JOIMOJHUTEIHHONU PabOTHl MOXKET OBITH BBHIIOJHEHUE PACUETHO-
rpaduyeckoil paboThI 110 33JaHHOM MpernoiaBaTeraeM TeMaTHKE.

Hrorosas OIICHKA IO JUCHUITIIMHE BBICTABJISIECTCSA COTJIaCHO Ta6n1/1ue.



Tabmuna

98-100 [93-97 |90-92 |87-89 |83-86 [80-82 [77-79 [73-76 [70-72 |67-69 [63-66 |60-62 [50-59 [25-49 0-24

A+ A A-  |B+ B B- |C+ C C- D+ D D- E FX F
OTJIMYHO XOpOIIO YIOBIETBOPHTENHHO HEYTOBIETBOPUTEIHHO

3a4TEHO HE 3a4TCHO

4. IlepeyeHb NpaKTH4YEeCKUX padoT

Ha mepBoM mpakTHuecKoM 3aHSITHH BBIAAETCS KOMIUIEKT HCXOMHBIX HaHHBIX: 1) Harpy3ouHsle xapakTepucTuku
MPUBOJA TJIABHOTO JABIKEHHUS cTaHKa (Tabn. 1-6); 2) Ueprexx mmuHAETBHOro y3ma cranka (puc. 1). Ha kaxmom
3aHATUU CTYICHTHl (MHOUBUAYAIBHO M B TPYIIIE) OCYIIECTBISIFOT TOATAITHBIE BBIYMCICHUS, HEOOXOMUMBIE IS
MPOEKTUPOBAHMUS PHUBO/IA TIIABHOTO JBV)KCHUS CTaHKA.

B kadecTBe 00bEKTa MPOEKTHUPOBAHUS MPEAJIAraloTCd CTaHKK C PYYHBIM M AMCTAHLIMOHHBIM YIpaBICHHEM —
OJIOK MCXOJHBIX JAaHHBIX MPUBEACH B TaOM. 1| — 3 MM CTaHKU C YUCIOBBIM MPOrpaMMHBIM yipaBienueM (UITY) —
KOMIUIEKC TaHHBIX Ta0ml. 4 — 6. B mepBoM cirydae peds ueT o pa3padoTKe MPUBOJA C TUCKPETHBIM (CTYTIEHYATHIM)
pEeryIMpoOBaHUEM CKOPOCTH HCIIOJIHUTEIBHOT0 oOpraHa (IIMHHAENS), BO BTOPOM — IMPHUBOJAA C IUIABHBIM
(6eccTymeHYaThIM) PETYIHPOBAHUEM.

Bapuant 3amanus ¢opmupyeTcs Ha OCHOBE LU(POBOIO TPEXpaspsgHOTO KoJa, YCTaHABIMBAEMOTO
PYKOBOJHMTEIEM KYpPCOBOTO NMPOEKTUpOBaHWs. B uwactHocTH, mpu mmppe 754 HEoOXOAWMO BBINKCATH JAaHHBIE
cenpMoi KOOHKH Tabd. 1 (wnum 4), a u3 tadin. 2 (wim 5) u Tabn. 3 (wiu 6) — COOTBETCTBEHHO IATOTO U YETBEPTOTO
CTOJIOIIOB.

Kpamko npokommenmupyem npunamele 6 3a0aHUAX YC106HblE 0003HAYECHUA.

Tabx. 1 u 4 cogepkat nHMOPMALIHIO O TUTIOpPa3MEPEe U KIlacce TOYHOCTH CTaHKa, BApPHAaHTe KOMIOHOBKH ITPUBO/IA
TJIABHOTO JIBMXKEHUS, a TAKXKE O 3HAYSHUH OTHOW M3 IKCIUTYaTAIlMOHHBIX XapaKTEPHUCTHK MOCIIeTHET0 — A EKTHBHOM
(HOMHHATBHOW) MOIHOCTH Ha IIMUHICNE. 3aJaHueM MPEeAyCMOTPEHO MPOCKTUPOBAaHHE YHUPHUIUPOBAHHOTO
MPUBOZA C TJIaBHBIM BpallaTeNIbHBIM JBIKCHHUEM Paboyvero opraHa Juisi IByX Haubojee pacipOCTPAHEHHBIX THUIIOB
MeTauI000pabdaTeIBatoNIero 00opyaoBaHus: TokapHoro — T u gpesepHoro — @. OCHOBHBIM pa3MepHBIM TAPaMETPOM
JUIS. TOKapHBIX CTAaHKOB SIBJISIETCS MAaKCHMAIIBHBIA JTMaMeTp oOpadaThiBaeMOW JeTalld Haj CTaHWHOW, a s
¢pesepHbix — mupuHa croja. C ydeToM (YHKIMOHANLHOTO HAa3HAYEHWS M KOMIIOHOBKHM IIPHUBOJA, KOTOpas
OTIPEJIENISICT PACIIONIOKEHHE HATPABITIONINX 3JIEMEHTOB HECYIIEH CHCTEMBI METAJUIOPEXKYILET0 O0OPYHIOBAHUS WA
TIOJIOXKEHNE OCH IIITUHJIENS B MPOCTPAHCTBE, YHUBEPCAIbHBIE TOKAPHBIE CTAHKH TOIPA3IENSAIOTCS Ha MATPOHHBIE —
TIT u uentpoBbie — TLl. CoOTBETCTBEHHO Ui MHOTOIICNIEBBIX TOKapHBIX craHkoB ¢ UIIY, a Taxxke (pesepHoro
obopymoBaHus TperycMoTpeHo HakinoHHoe — TH, BeprukansHoe — TB u BD u ropuzonransHoe — ['® ncnonnenue
npuBoza. B o0rieM cirydae mpoeKTHPOBaHHIO TOIJIEKAT MPUBOABI CTAHKOB TPEX KIIACCOB TOYHOCTH: HOPMAJILHOTO —
H, nossiiennoro — I u Beicokoro — B.

Taonwmma 1

BapuanTsl
Hcxonuple naHHbIe
1 2 3 4 5 6 7 8 9 10
Tun craska T | B® | TII ro TII | B® | TI[ | Td TN | B®
E;HOBH"“ flapameTp cTaHKa, 160 | 320 | 200 | 400 | 250 | 160 | 400 | 200 | 320 | 250

D¢ dexTrBHAS MOIIHOCTH HA
mnuHjaene, kBt

Kiacc TounocT cranka B I1 I1 H B I1 IT H H B

1,8 6,0 2,4 8,8 3,2 2,4 6,0 3,2 4,6 4,2




Tabnuma 2

Bapuantsl
HcxonHele naHHBIE
1 2 3 4 5 6 7 8 9 10
MakcumanpHas
4acroTa 4,0 2,5 2,5 4,0 2,8 1,4 2,0 1,6 3,2 2,0
BpalllCHUs, 10% mum
OO6mmit HaIa3oH
perynupoBaHus 16 25 12,5 14 45 11,2 22,4 10 20 31,5
CKOPOCTH
Jmanazon
peryanupoBaHus 5,6 16 5 10 22,4 4 11,2 6,3 8 12,5
ckopoctu ¢ N=const
Aomyctimas  noteps | g4 40 20 40 50* 30 30 40 40* 20
CKOpPOCTH pe3anus, %
Tabnuma3
" BapuaHnTsl
CXOJIHBIE JaHHBIE 1 5 3 7] 5 6 7 8 9 10
Cucrtema ympaBleHHUS
MIPUBOJIOM A P A P A P A P P A
Texmmueckuii —pecype | 5g 14 11,2 10 16 17,5 12 18 12,5 15
npusoja, 10” g
Pexxum  HarpyxeHws
— JI T C JI T C C T C JI
npusoga N /N,
Cucrema CcMa3bIBaHUS
mpEBOTA 0 n 10 n 10 41 10 n " 10

Tabnuma 4

BapuanTsl
HcxoaHble TaHHBIE
1 2 3 4 5 6 7 8 9 10
Tun cranka TH B® TH I'd TB Bd TB I'o TH Bd

OCHOBHOI1 TapameTp 500 320 400 250 500 400 400 200 320 250

CTaHKa, MM
O¢ddexTuBHasT MOIIHOCTH Ha 14 8 3 12 6 16 10 4 6.8 5
mnuHjaene, kBt

Knacc Tounoctu cranka IT B B I1 B 11 IT B B IT

Taonumuma 5

BapuanTtsl
WcxonHple naHHBIC
1 2 3 4 5 6 7 8 9 10

MaxkcumanbHas
4acToTa 50 2,8 45 3,2 2,0 5,6 2,5 6,0 4,0 3,6
Bpamenns, 10 Mus
OO6mui JIMana3oH
peryaupoBaHus 110 65 80 100 85 90 75 60 120 70
CKOpOCTHU
Jwnanazon
peryIUpOBaHMUS 40 12,5 24 28 20 32 10 8 36 16
ckopoctu ¢ N=const
Bun snekrponpuBoaa I1 A A I1 A I1 I1 A A I1




Tabnuma 6

HcxoaHele BapunanTst

AAHHBIC 1 2 3 4 5 6 7 8 9 10
Cuctema
yIpaBJIeHUs r €] €] r|os r 2 r r C)
MIPUBOJIOM
Texuuueckuit
pecypce 20 | 14| 112 | 10 | 16 | 175 | 12 | 18 | 125 | 15
IIpUBOJIA, 103 g
Pexum

HaTpYyXXCHUSA

npusoga N
/N HOM

OcraBimecsi TaOMUIBI BKJIIOYAIOT CBEIEHHUS O CKOPOCTHBIX BO3MOXHOCTSAX, PEXHUME pPaOOThl MPHBOAA H
0COOEHHOCTAX KOHCTPYKTUBHOI'O MCIIOJTHEHHUS €r0 OTACIbHBIX CUCTEM.

OOumwmii Arana3oH PeryJupoBaHUsl OTPAKACT OTHOLICHWE MAKCUMAaJbHOM YacTOThl BpAIIECHUS LIMHUHAETS K
MHHHUMAJIBHOH. /[Mana3oH peryJIMpoBaHus ¢ IIOCTOSSHHOM MOLIHOCTBIO IIO3BOJISIET HAWTH 3HaYEHUE TaK Ha3bIBAEMOM
pacdeTHOW YacTOTHl BpallleHHs IpuBoja. lomycThMas moTepsi CKOPOCTH pe3aHus MpeIoNpeaesseT BEeTU4uHY
3HaMEHaTeNld (¢ TeOMETPUYECKOro psjia YacTOT BpAIlleHHs MNPHBOJAA C JUCKPETHBIM PETYIUPOBAaHUEM, MPUUEM
3HA4YeHUE IOTEPH CKOPOCTH, OTMEUEHHOE 3BE3/I0YKOH, Mpucylie OosblieMy ¢ (CTPyKTypa NPHBOAA C JABYMS
3HaMeHaTeNAMU psifa). s cTaHKOB € IUIaBHBIM DPETYJIMPOBAHMEM €ro BEIHMYMHA, KaK M3BECTHO, paBHA HYIIO.
[Tostomy nnst crankoB ¢ UIIY BMecTo 3TOro mapaMerpa B KaueCTBE HCXOQHOTO JAHHOTO BBEACHO APYroe
TpeboBaHUe: BHUI ANIEKTporpuBoaa (Tadm. 5). B 3Tux cTaHkax OeccTymeHYaToe M3MEHEHHE YacTOTHI BpaIleHUS
MIMAHACTS MOXHO OOECIeYHTh IyTeM NPUMEHEHHUS JIIEKTPOJABHUTATENs MO0 MOCTOsSHHOro Toka — II, mubo
ACHHXPOHHOTO C YaCTOTHBIM PETYIUPOBAaHUEM — A.

[lpuBomamM CTaHKOB OOLIETO0 HAa3HAYCHUS MPHUCYLIM JBa THIA CHUCTEM YOpaBieHUS: pydHoil — P wu
mucranunonnbiit — JI. Tlocnenuss, kak u B crankax ¢ UITY, KOHCTPYKTHBHO MOXET OBITh BBINIOJIHEHA Ha 0ase
JNEeKTpUUecKoi — O uiu ruapasnudeckoit — I' snepruit. Pexum Harpyxenus (jerkuii — JI, cpegamii — C, TspKembIit
— T) oTpakaeT OTHOIIEHHE CPEIHEH MOIIHOCTH, peali3yeMol B MpoLecce SKCIUTyaTalluy CTaHKa, K HOMUHAJIBHOM
MOIIHOCTH TpuBoJa. CTaHKH C YHHUBEPCAJIbHBIM XapaKTEpPOM BBITIONHSIEMBIX TEXHOJOTHYECKHUX OIepariui
ocHamiaroTcst (Tabi. 3) JAByMsS THIIAMU CHCTEM CMas3blBaHUs MPHUBOJA: WHIUBUAyalnbHOH — W wm
LeHTpanu30BaHHOM — LI. Bce npyrue perieHuns, BBIXOAAIIME 33 PAMKH TEXHHUYECKOTO 3afjaHMs, NPUHUMAIOTCS
CTYI€HTaMU CaMOCTOSATEJIHO, HO HanOoJjiee MPUHIMITHAIBHBIE BOIPOCH HEOOXOAMMO B O0s3aTEIbHOM HOPSIKE
COTJIacOBaTh C PYKOBOJIUTENIEM KypCOBOT'O POEKTUPOBAHMS.
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Pucynox 1. [Ipumep gepTerka KOHCTPYKITUH IIMTAH/IEIHHOTO Y371



IpakTuyeckas padora Ne 1: «Cmamucmuueckuii ananu3 HARPAHCEHHO20 COCHOAHUA KOHCMPYKMUBHBIX
INeMENN 08 CIAHOYHBIX NPUBOO 06

3aoanue:

CryneHThl BBHITOJIHSIOT TPYIIOBBIC 3aJaHHs IO TIOCTPOSHHIO MPOCKTOB B MpOrpaMMHBIX Komriuiekce ANSYS.
CryneHTsl BBHIONHSIOT TPYNIOBBIE 33JaHUAS IO TOCTPOSHHIO NPOEKTOB U BBHITIOTHEHHS CTAaTHCTUYECKOTO
aHalM3a HAMPSHKEHHOTO COCTOSHHMS MaTepmana: 1)pa3paboTka MaTeMaTHdecKod Mojenw (TperpoIeCcCHHT),
noctpoenue 3D Monmenu o0bekTa U umnopTupoBanue B cpeny ANSYS; 2) pabora B 0a3e NaHHBIX MaTEpPUAJIOB -
yIOpaBleHHe MaTeprhalaMd M WX CBOWCTBaMH; 3) TeHepamus KOHEYHO-IJIIEMEHTHOW CeTKH; 4) HadaiubHble H
rpaHn4HbIe ycinoBus; 5) Hacrpoiika pemarens n 06paboTKa pe3ynbTaToOB pelIeHus (IIOCTIIPOIIECCHHT).

IpakTryeckas padora Ne 2: «llpenpoueccunz u 2enepayus KOHeUHO-31€MEHMHOI CEMKU)

3aoanue:

3aHMMaOTCAd TOJTOTOBKOW MOJIENM K pacueTy: TPaHCIMPOBAHHME B IPEMPOLECCOP TE€OMETPUUYECKOW MOJEIH
pacuntbiBaeMoro oobekta (padora B DesignModeler); 3amanne KOHTaKTHBIX MOBEPXHOCTEH; reHEpalusi KOHEYHO-
anemeHnTHOU ceTku (Meshing).

IIpakTnyeckue padoTwl Ne 3: «Tennoeoit ananusy»
3aoanue:
CryneHThl 3aHUMAIOTCS CTAITMOHAPHBIM TETIOBBIM aHAITH30M.

IIpakTnyeckasi padora Ne 4: «Mooanbusiit ananus
3aoanue:
Amnanns cBOOOIHBIX MEXAHUUYECKUX KOJIEOAHH.

IIpakTuyeckas padora Ne 5: «Odpadomxka pe3yromamos Mooeauposanusn)

3aoanue:

Cratuctuueckas 00paboTKa pPe3yJbTaTOB MOJICIMPOBAHHUS B NpPOTrpaMMHBIX Komiuiekcax TableCurve 2D wu
TableCurve 3D.




