MunucTepcTBO HAYKH H BhIcmiero o6pasopanus Poccuiickoii ®enepanun
DeepanbHOe rocyIapcTBEHHOE OI0KETHOE 00pa30BaTEIbHOE YUPEKICHHE

BBICIIETO 00Opa3oBaHus

«Bnagumupcknii rocyiapeTBeHHBIH YHHBEPCHTET

(Barl'y)

A.AIlandunos

« H49» Of 2019 .

PABOYAS ITPOTPAMMA JUCIHUITJIMHBI

«CHCTEMBI KOHEYHO-2JIEMEHTHOTO AHAJTN3A (CAE-CHCTEMBI)»

Hamnpasnenue noarorosku: 28.03.02 «Hanoumxenepus»

[Ipoduis/nporpamma moaroroku: MinkeHepHble HAHOTEXHOIOTHA B MAITHHOCTPOEHHH

YpoBeHs BhICIIEr0 00pa3zoBaHus: bakaTappHar

@opma obyueHH: OYHASL

Jlex- | Tpaxruu. | MaGopar dopMa NpoMeEKYTOUHOH
TpynoemkocTs o L ' [CPIL) CF, arTecTalHH
Cemectp 3a4. ejl. / yac. If{gg’ 3313;;3114’ p ?1?18.1 yac. | gac (31{3aME:H/3aqe'£/3aqu e
OIEHKOI)
3 5/180 18 18 - 27 | 90 Jk3ameH (27 gacoB)
Utoro 5/180 18 18 - 27 | 90 Dx3ameH (27 gacoB)

Bnamumup, 2019




1. IOEJH OCBOEHHSA JUCIIUILJINHBI

Hayuenme jucummimael «CHeTeMbl KoHeuHo-3NeMeHTHOro aHamuza (CAE-cucTeMsr)»
HAIpABJICHO Ha JocTHxkenne caenyromux neneit OIIOII 28.03.02 «Harnonmxenepus»:

Koo Dopmyruposra yeau
yenu
H1 IToAroTOBKa BHITYCKHHUKOB K HAPYHO-UCCAEOO0GAMERLCKON # UHHOGUYUOHHOH QeIMeNbHOCHI B

00NacTH HAHOTEXHONOTHH ¥ HAHOAWAHOCTHKH, B TOM YMC/IE MEXKIUCLIHIIMHAPHEIX 0blacTix,
CBA3aHHBIX C BHIOOPOM HEOOXOOWMBIX METOJOB HMCCIEAOBaHMA, MOAMMHIIMPOBAHUA CYUICCTRY-
IOINX M pa3paboTky HOBBIX TEXHOJIOTHH HCXOAS U3 33434 KOHKPETHOTO HCCeXOBAHMS.

2 IloaroToBKa BEIYCKHHKOB K MPOCKMIHO-KOHCHIDYKIMOPCKOU U RPOeKHIHO-EXHOR0ZUNECKA
Oesmensrocmu, Bkmoyaromlel B ceba yyacTre B COCTaBe KOJUIEKTHBA MCIIOJIHHTENEH B IpoBeae-
HMH pacyeTHBIX M NPOEKTHLIX paboT npH paspaboTke fipoleccoB HAHOTEXHOJOTHI

114 INoaroToBka BEIMYCKHHKOB K 3()ekTHRHOMY MCTIONB30OBARMIO M UHMEZPAYUY JHAHU 6 0fnd-
cmu GyHOAMERMAnbHBIX HAYK A4 PELISHUA HCCIIEJOBATENLCKMX M NPMKJIALHBIX 3aAad ApHMe-
HHUTEIBHO K NPotdhecCHOHATEHOMN e TeNbHOCTH.,

Lenp ocBoeHus AuCHMIUIAHEI «CHCTEMB! KoHeyHO-dNIeMeHTHoro ananmza (CAE-
CHCTEME])» - QOPMEPOBaHHIE Y CTYACHTOR HABLIKOR Pa3spaboTKM KOHEYHO-3NEMEHTHEIX MOJEINEH,
HCCIIEHOBAHHA OTHX Mozenei H oOpabdOTKH pe3yNbTATOB TAKWX HCCIEA0BAHHUN M BOCIIMTAHHE
OTBETCTBEHHOCTH 32 MPOOYKT CBOUX pa3paboTox.

Sagayu:

e 03HaKOMJIEHHE C Hay4HBIMH IIOJXOJaMH K MOAEITHPOBAHHIO 0OLEKTOR M IIPOIECCOB HA
0a3e KOHEUHO-2JIeMEHTHOTO aHaH34;

® OCBOCHHMC TECOPHMH H METOJOB KOHEYHO-B3IEMEHTHOI'Q AHANTM3E, IO3BOJIMIONMX CTPOUTH
MOJenH OOBEKTOB, CHCTEM H IIPOIECCOB U CYAUTE 00 UX aieKBaTHOCTH;

® (3HAKOMIIEHME CTYIEHTOB C &JITOPUTMaMH pEIIEHHS HHXKCHEPHBIX 337384 MCXaHHKH
CIJIOIIHEBIX CPell METOJAMH KOMIIBFOTEPHOTO MOJEIHPOBAHUSA C [IOMOIIBIO TAKETOB IIPH-
KIaZHBIX IIPOrpaMM, pearH3yIOMX METOd KOHEUHO-2IeMEHTHOrO aHaTH34.

2. MECTO JUCIHUILJIMHBI B CTPYKTYPE OIIOII BO

Hucuunmuna «CucreMbl KoHeUHO-9eMeHTHOro ananusa (CAE — cucremsr)» u3ydaercs B
5 cemecTpe noaroTopky Gaxanaspor 1o zanpasiaeHuro 28.03.02 «HanouHxeHepusa» U OTHOCHT-
€Sl K AMCUHINIMHAM 110 BEIOOPY BapuaTiBHOM wacTy pucuumwmaH (b1.B.J1B.04.01).
Hpepexsmsmibl guenuiinuibl Marematuka, CALIP g Matidgoc ipoetuu, Lpukiaidas me-
xaHuka, MaTtepranoBesenue, leopeTudeckas MeXaHuka, JeTamrn MalliH W OCHOBLI KOHCTPYH-
POBaHHSL.
Pazeqasl AHCHHNIAHSL] B MEKAHCUHNINMHADPHEIE CBH3H ¢ 00ecedNBANINNME (TpeIbITY IIHMH)
JAHCHHILTHHAMH H ofecneyHBaA0NMHE (HOCA€IVIOIIHNMHE) THCIHILJIHHAMH

Haumenosanune obecneunsaromux (npensiny- | Pazgensl naHHOH NJHCUMIUTHHEL, KOTOPBIE HEOOXOAMMET
IIMX) AMCHMIUIME ¥ obecrneurBarolmx (rocie- | U1 H3ydeHus obecrieduBaeMbIX (MOCIEOYIOIINX) JHC-
JIYIOINX) AUCIHITIHH LIHTUTHH

5 cemecTp

1 [ 2 [ 3[4 ]s5]6 1 7] 8109

IIpeqmecTBYIOIHE AHCHBINHEL

1. MaTtemaTuka. + + + + + + + + +
2. CAIIP B MatIHHOCTPOCHHH. + + + + + + + + +
3. Hpuriannas Mexanuxa. + + + +

4. MarepuanosejieHHe. + + + + +

5. TeopeTHyeckas MexaHHKA. + + + + o

6. Jleranu Mali¥MH ¥ OCHOBEl KOHCTPYHPOBAHHUA. + + + + + + + + +




HOCJle)llelllﬂe JHCHEHIOIHHbBI

1. MopenuporaHHe MUKPO- HAHOCHCTEM + + + + + + + + +
2. ARTOMaTH3HpPOBAHHOE [IPOEKTHPOBaHKE | + + + + + + + o +
HAHOCHCTEM

3. IlpenunaoMHas NpaKkTHKA. + + + + + + + + +
4. Beimycknas xsanudukalnmonnas pabora. + + + + + + + + +

3. IINIAHHUPYEMBIE PE3YJbTATHI OBYUYEHUS 11O JUCITAIIIIMHE

ITocne n3ydeHus JaHHOH JUCHMIIMHEL CTYOEHT NpHOOpeTaeT 3HAHUA, YMEHHS W OHEIT,
coorsercrByomue pesynsrataM OIIOII zanpaenenus 28.03.02 «HanourxeHepra»:
P1, P2, P3 (pacuudposka pelynsraroB obydenus npusogurca B OIIOI] manpaemenus

28.03.02 «HanounxeHEpHI»).

Hnaﬁupyemme PE3IYIIBTATEL OGYIIGHI’ISE I10 JUCITHIINIHHE, COOTHECECHHEIC C NITaHHPYEMBIMH

pe3ynbTaraMu oceoenns OIIOIT:

Kon dpopmMupyeMBIX KOMIIETEHIHI

Ypoeens ocBoe-
HHA KOMAeTeH-

[Inanupyemsie pe3yabTaTsl 00yYeHHS MO
JUCHHINKMHE XAPaKTePU3YIOLHE ITATIBI

LMK (hOpMHpPOBAHH KOMITETEHLHH (TIoKaza-
TEJIH OCBOSHHA KOMIICTEHLHH)
1 2 3
TK-2 Yactiuno sHame.! 0cODEHHOCTH peallu3alHy Teope-
CrocobeH pazpabaThIBaTh peKOMEHIAITH THYECKMX OCHOB METOHA KOHEUHBIX 3/e-
[0 UCNOAL3OBAHHIO PE3YIBTATOB HCCMEN0- meHtor B CAE - kommnnekcax;
BaHMIi A pealIBHOrQ CEKTOpa SKOHOMHKH yMemb: paspabarblBaTh pacdeTHble aj-
TOPUTMBI [HJI1 PELIeHHS HWHKeHePHRIX.
3agad MeTOJOM KOHEYHBIX 3/IEMEHTOE B
CAE - xoMITIekcax;
gnademb; HABBIKAMH MOJETHPOBaHHS
pusugeckux npoiueccos B CAE — kom-
TeKcax.
TICK-1 YactiHuHo 2HANL. TEOPETHYECKHE GCHOREI METOIA

Cneco0HOCTRIO TTPOEKTHPOBATH H3ISTHA
M3 HAHOCTPYKTYPHPOBAHHBIX KOMIIO3ZUT-
HBEIX MaTepHaloB

KOHEYHEIX 3JIEMEHTOB;
ymens! pa3pabaTeIBaTh pacyeTHHIE cXe-
MEI Ji7151 pelienus
HMHXEHEPHEIX 337124 METONOM KOHCUHBIX
AMEMEHTOR',
GAUOEHIB.  HUBDIKAMH  PCallM3alMM  pac-
yeTHEBIX cxeM B CAE — koMrnekcax.




4. OBBEM H CTPYKTYPA JUCHUILJIMHBI

5 CEMECT]: 06111,3.51 TPYOOEMKOCTE JUCITUIITHIEL COCTaBIACT 5 sadeTHRIX eqpuul 180 yacos.

/o

Pazgen (tema)
JMCIUTUTHHEB]

Cemectp

Hepena cemectpa

Buael yuebuoit paborsl,

BEJIHOHaA CaMOCTOATENEHYHO

paboTy cTyneHToR

1 TPYAOEMKOCTE (B yacax)

Jlexumu
FAHETHT
JlaGopaTopHbie
natoThL
CPI1
CP

Ipakruueckue

KIT/KP

O6bemM yueOHOI
paborsi,

C MIPHMEHEHUEM
HMHTEPAKTHBHBIX
METOJIOB
(B yacax / %)

DopMEl TeKyIIe-
r'o KOHTpOJs
YCTIEBAEMOCTH,
topma npome-
SKYTOUHO#H aTTe-
CTaLKH

TennoHanpsKkeHHoe
COCTOSIHME KOHCTPYK-
it

6/50

O030p ¥ BOZMOKHOCTH
coppemenHnbix CAE-
cueteM. HMernonepiopanue
CAE-cucrem nas Moze-
TMHPORAHHA TIPOIICCCOR U
PEIUEHHS TPHKIaIHBIX
HHKCHEPHO-TEXHHUSCKHX
3anady. THIIEI KOHEYUHBIX
JIEMEHTOB H OCHOBHEIE
TpeGOBaHUA K pacHETHEIM
MOJEIAM.

1-2

2/50

Pemenue craiypoHaproi
H BecTallMOHapHOH 3a-
Aay TelA0NpOBOAHOCTH
METOAOM KOHEYHBIX
3JIEMEHTOB C HCIIONB30-
BaHUEM COBPEMEHHEIX
CAE-cucrem.

3-4

27150

Hcnonksoranue conpe-
mennelx CAE-crcteM
TP POLIOTIHE M
[CPMOYHDYIOCTH.

5-6

2/50

PeiiTHHT KoR~
TpoJin Ne 1

Henuneiinwiid xon-
CTPYKIHOHBEIH ana s

30

6/50

QcobeHHOCTH MOJIeH-
POBAHHUA KOHTAKTHOIO
B3aUMOACHCTRHS NpH
PEMIEHHH 3a1ay TeOpHH
YHPYTOCTH COBPEMEH-
HEIMH CAE-cHcTeMaMu.

7-8

2/50

Hcnonpsopanue coBpe-
meHubx CAE-crereM
IIpY pelIeHny 3a0a4
YTIPYTOIIACTHYHOCTH.

9-10

L8]

%]
1

W

10

2/50

Hcnons3osanue cospe-
meHHEIX CAE-cucTeM
IIp1 MOJANLHOM H Tap-
MOHMYECKOM AHATTH3E

11-12

2750

PeiiTuHT KOH-
Tpoae Ne 2




KOHCTPYKLHH.

Mexanaka XKBAKOCTH H
raza

6 | 6| -9 |30 6/50

Hernons3oeanue coepe-
MeHHEIX CAE-cHcTeM
TIPU PelIeHHH 3a1ay
THAPOMEXaHHKH, Ta30-
goi auHamuxu. Ocoben- | 5
HOCTH pelleHus NpH Na-
MHHAPHOM H TYpOy-
JIEHTHOM TeUeHHAX KU~
KOCTH.

212 -1 3]10 2/50

13-14

Hcnonwsosanue corpe- Peiitnur xon-
menieix CAE-cuctem TpoJab Ne 3
TIpH penleHnH 33134 10 2/50
THZIPOJIHHAMHUKH Teue-
HUH cO CROOOIHEIMHU
TPaHHIAMH

Ln
15-16
b
b
[FS]

HcnonezopaHue coBpe-
MeHHBIX CAE-cHcTeM
IpH pellleHnd 3a1a4 06- | 5
TEKAHHA TeN MOTOKOM
SKHOKOCTH MIIH rasa.

212 -13 |10 2/50

17-18

Beero 3a 5 cemectp Ox3ameH

18 | 18| - | 27 |90 18/50 (27uacos)

HToro nmo gucuuniuge JK3aMeH

18 |18 - [ 27 190 18/50

(274acoB)

CoepixaHue JeKIHOHHLIX 3aHATHH M0 JUCIHILIHHE

Pazgen 1. TennonanpaxeHHOE COCTOSHHE KOHCTPYKIHH.

Tema 1.1. O630p u BozmoxHOCTH coBpeMeHHEIX CAE-crcTeM.

CoaepxaHue TEMEL

Ucnonnzopanne CAE-cHcTeM U1 MOAETHPOBAHUS MPOLECCOB M PEIICHUS TTPUKIaTHEIX
HHKEHEPHO-TEXHAYEeCKHX 3a1ad. THIIBI KOHEYHEIX IEMEHTOR W HX rnonmHoMel DyHkiun $op-
MBI JUIsl PA3MYHBIX THIOB KOHEYHBIX 2NeMEHTOB. OCHOBHBIE NPHHIMIEL CO3/IaHUS KOHEYHO-
3JIEMEHTHBIX MOZEJEH.

Tema 1.2. Pemenue cranuoHapHo# ¥ HecTAllMOHAPHOH 327184 TEILIONPOBOJAHOCTH METO-
JIOM KOHEUYHEIX 3JIEMEHTOB ¢ HCIOIB30BaHHEM cOBpeMeHHBIX CAE-cucTeM.

Cojlepatite reMel

3axon Dypre, Hares onpeneneHne kod3GQUIHEHTY TENIONPOBOJHOCTH, TEMIIEPATYPHOMY
IOJII0, TeMIepaTtypHoMy rpajuenty. JuddepenimansHoe ypaBHeHHE TEIUIONPOROHOCTH, ['pa-
HHYHBIE YCIORHA TemnooOMeHa. BapuaiivoHHas IOCTaHOBKA 3aJadM TEIIONPOBOJHOCTH H €€
YHCIIEHHAsA Pealli3allis] METOHOM KOHEYHEIX STEMEHTOB.

Tema 1.3. HMcnonszoBanue coBpeMeHHLX CAE-cHCTEM IIpH pellicHuH 3afay TepMOYIpy-
TOCTH.

Copnepixanue Temsl:

ITonsTHE M ITOCTAHOBKA KpaeBOol 3amadr B MEXaHHKE TBEpHOre AehopMHpYeMOro Tena.
BapHanuoHHas [TOCTAHOBKA 3aJaYl TEOPHM YIPYIOCTH W €€ YUCICHHAS Pealu3alus MEeTOHOoM
KOHEYHBIX 3JIEMEHTOB. MaTpuria KecTKOCTH, MaTpulla fedopManuif, BeKTOp y3JIOBBIX IIepeMe-
ImeHKUH OJHOMEpHOTO IOBYXY3TIOBOTO KOHEUHOTO dllieMeHTa. Marpuia »KecTKOCTH, MaTpHIla Je-
dopMantil, BEKTOP Y3/0BLIX IEPEMELEHUH ABYMEPHOIO TPEXYIJIOBOID KOHEYHOI'D HIEMEHTA.
KoredHo-snemMeHTHasS cxeMa pelleHHs 3aiadi TepMoynpyroctr. KuHeMaTHHIecKHe TpaHuyHbIe
YCIIOBHS 4 MX BIMSHHE Ha TOUHOCTH PE3YJIBTATOB.




Paznen 2. Henuue#HbIH KOHCTPYKIIHOHHBIH aHATIHS.

Tema 2.1. OcobeHHOCTH MOAENHPOBAHUA KOHTAKTHOTO B3aMMOIEHCTBHS IPU pelleHHH
3a7a4 TEOPUH YIIPYIOoCTH coBpeMeHHEIME CAE-cHcTeMaMi.

CopepxaHHe TEMEIL

BosmorxHEIE pacdeTHBIE CXEMBI IPH MOENUPOBAHHH KOHTAKTHOIO B3aHMOICHCTBHS Tell
B paMKax peHIcHHS 3a1ad TePMOYIPYIOCTH METOIOM KOHEYHBIX JIEMEHTOB.

Tema 2.2. Hcnonssosanne cospemennslx CAE-cucTeM npH pelienuy 3a7a9 yIpyromia-
CTHYHOCTH.

Conepxanue TeMBI:

Mopenu  ynpyromnmacTHdeckoro aedQopMHpOBAaHHA, MCHONLE3yeMble B  KOHEYHO-
3JIEMEHTHOM INPOYHOCTHOM aHalu3e, o0nacTd npuMeHeHHA. JedopMmarmonHas TeopHs IMia-
CTHYHOCTH, €€ pPeany3alys IpH KOHEYHO-3IeMEHTHOM IPOYHOCTHOM aHANH3e,

Tema 2.3. Mcnonn3opanue cospemenHsrx CAE-cHcTeEM NpH MOZalbHOM H TapMOHHYE-
CKOM aHaiH3e KOHCTPYKITHH.

ConepixaHue TeMbl:

PacyeTnsle cxembl NpH pelleHMH 3a7a4 MOJATLHOIO aHAMN3a METOJOM KOHEYHBIXK 3lie-
MEHTOB. PacdeTHple cXeMEBI IpH PeleHHH 3a/1a4 FApMOHHICCKOTO aHANH3a METOIOM KOHEUHBIX
3IIEMEHTOB.

Pasnen 3. Mexanuka s>KHAKOCTH M Taza.

Tema 3.1. Mcnons3opanue cospeMeHHBIX CAE-cucTeM IIpH pellienyy 3a1a4 THApoMexa-
HHUKH, I'a30B0H THHAMUKH.

Conepixanue TeMbl:

OcoOeHHOCTH pelleHus 3a/lad THIPOMeXaHHKH B coBpeMeHHbx CAE-cucremax npu na-
MHHApPHOM ¥ TYpOYIEHTHOM Te4EHHAX XUAKOCTH. OcOOSHHOCTH HCIIONB30BAHMS OUHAMHYESCKUX
CETOK B 34/la9axX BBIMHCINTENBHON THAPOAHHAMHUKH.

Tema 3.2. Ucnone3osanue coBpeMeHHBIX CAE-cHCTEM IIpH pellIeHHd 3afay ruApoHHa-
MHKHU T€USHHI cO CBOOOJHBIMH TpaHHIIaMH.

ConepxaHue TeMBIL:

PacueTHas cxeMa NPH pElIeHWH 3a1a4 THJPOIHHAMHKY METOIOM KOHEYHBIX BJIEMEHTOB
Jis TEUEHUH ¢ OTKPBITEIMH IPAHATIAMH,

Tema 3.3. McnonszoBanue coBpeMeHHBIX CAE-CHCTEM TIpH pelleHHH 3afad oO0TeKaHust
TeN MOTOKOM JKUIKOCTH WU rasa.

Copepxanue TeMbI:

PacueTHas cxeMa IpH pelleHHH 3a8ad THAPOJHHAMMKY METOJIOM KOHEYHBIX 3JEMEHTOR
npu 0O0TeKaHWH Tell IIOTOKOM HecKuMaeMol sujkoct. OcoOeHHOCTH PeleHHs 3a1ay ra3oroit
HMEUMHKH M TOMOM KOHEHHBIX HIIEMEH LOK HPH CBEPXIRYKOBBIX CKOPOC TIX TCUCHHN TO LOKA

Cogep:xanfe NpPaKTHIECKHX 3aHATHI 110 JHCHMILINHE

Paznen 1. TennonanpsxeHHOE COCTOSHHE KOHCTPYKITHI.

Tema 1.1. O630p 1 Bo3MoOKHOCTH coBpeMeHHEIX CAE-cucrem.

Conepxanue IpakTHYECKHX 3aHSTHIL:

3HaKOMCTBO C BO3MOXHOCTSMH, CTPYKTypoll u muuTepdeiicom cospemenuoro CAE -
KOMILIEKCA.

Tema 1.2, Pemenre cTanuoHapHOH M HeCTalMOHApHOH 38724 TENIONPOBOAHOCTH METO-
JIOM KOHEUHBIX 3JIEMEHTOB ¢ HCIIONL30BanueM coBpeMernbix CAE-cucrem.

Conepxanne MpakKTHYCCKHK 3aHs Tl

CriocoOb! 3a1aHMs BPEMEHHBIX I1apaMETPOR, HadalbHBIX W TPaHHYHBIX YCIOBUH IpH pe-
IICHUM HECTAHOHAPHOH 3allaqi TEIIONPOROIHOCTH B coBpeMeHHOM CAE — xoMILIeKce.

Tema 1.3. Wcnoms3opanve coBpeMeHHEX CAE-CHCTEM MIPH PEIEHUH 3a/lad TEPMOYIIPY-
TOCTH.

ConeprxaEHE DpaKTHICCKHX 3aHsTHI:




Pacuer usMmenenus HanpsXKeHHO-IeQOPMHUPOBAHHOTO COCTOAHUSA KOHCTPYKIHMH Ha OCHO-
BE pE3YyNHTATOB PEHICHUS HECTAIMOHAPHOH 3ajadH TeIlNIONPOBOJHOCTH METOJOM KOHEYHBIX
aneMeHTOoB B coBpemenHoM CAE — kominiekce.

Pazpen 2. HenmiHeHBE KOHCTPYKIMOHHBIA aHaIM3.

Tema 2.1. OcobeHHOCTH MOJENHPOBAHHS KOHTAKTHOIO B3aMMOJECHCTBHA IIPH PElUEHHU
337134 TEOPHH YIIPYTOCTH coBpeMeHHsIMH CAE-cucTeMamu.

Copepxanue NpaKTHYECKHX 3aHATHI:

JajaHue yCIOBHH KOHTAKTA JeTalel B y3iaX IpH perieHHH 3a37]a4 MEXaHHIeCKOro B3au-
MOZEHCTBYSI METOJ0M KOHEYHBIX 3/1EMEHTOB B coBpeMeHHOM CAE — KoMIIeKce.

Tema 2.2. Mcnonnzosanue coppeMenHbIx CAE-cucTeM Ipu pemeHHH 3amad yIpyroia-
CTHYHOCTH.

Conep:xanve NpakTHYECKIX 3aHATHI

Pacuer HanpsxeHHO-1eQOPMHPOBAHHOIO COCTOAHHSA KOHCTPYKIIMM METOJOM KOHEYHBIX
3IEMEHTOB IPH HEMMHEHHOH IOCTAHOBKE 3adadH B coBpeMeHHOM CAE — KoMmmekce.

Tema 2.3. Mcnoap3oanue coppeMeHHbIX CAE-cucreM 1Ip#t MOJAIBHOM U TapMOHHYE-
CKOM aHaJIA3€ KOHCTPYKLUIH.

Copepxanue MpaKTAYECKHX 3AHATHH:

Onpenenenre cOOCTREHHBIX H BEIHYKAEHHEIX KONEOaHWI KOHCTPYKIIMH METOJOM KOHeu-
HBIX 311eMeHTOB B coBpeMeHHOM CAE — koMiuiekce.

Paspen 3. Mexannka HAKOCTH W Taza,

Tewma 3.1. Mcnonbzoranue coBpeMeHubIXx CAE-cHCTEM IpH pelleHHH 3amad rEapoMexa-
HHKH, Ta30B0H JHHAMHKH.

Conepxanue NPaKTHYECKHUX 3aHATHIH:

Pemenue 3amaun AMHAMUKH IBIKEHHS JKHIKOCTH B KaHale [IEPEMEHHOTO CEUeHHs Me-
TOJOM KOHEUHBIX 3JIEMEHTOB B YCIOBHAX JIAMHHAPHOTO H TYpPOYJIEHTHOTO NIOTOKOB B COBPEMCH-
HOM CAE — xoMIuiekce.

Tema 3.2. UcnonszoBanue coppeMeHHbIx CAE-cHCTEM IIpH pelreHHH 3ajad I'HIpojHHa-
MHKH TeueHut co cBOOO[HBIME IPAHHIIAMH,

Copeprkanuie NPaKTHYECKHX 3aHATHH:

Pemenre 3ama4y ruAPOJUHAMEKY T€UEHHH cO CBOOOMHBIME IPAHHIIAME B COBPEMEHHOM
CAE — xoMmiekce.

Tema 3.3. HcnonszoBanue coBpeMeHHBIX CAE-cHCTEM NpH pellicHHH 3a1ad O0O0TeKaHus
TeJN IIOTOKOM JKHAKOCTH WK raza.

Conepixanue IpakTHYECKHX 3aHATHIA:

Pemrenve 3anaun oOTEKaHus TeNa INOTOKOM XMIKOCTH MM raza B copemeHHoM CAE —
KOMILIEKCE,
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5. OBPA3OBATEJIbBHBIE TEXHOJOI'NH

Ilpu npoBejiernH y4eOHBIX 3aHATHil obecnieunBaeTca pasBHTHE y oOydJaronmrxcsa HABEHI-
KOB KOMaHJHOH paboThl, MEXK/IMYHOCTHOH KOMMYHUKAIMK, IPAHIATHS PELICHUH, THASPCKHX Ka-
YecTB. 3aHATHS BKIOYAIOT MPHY HeOOX0IUMOCTH HPOBeIcHHE HHTCPAKTHBHEIX JCKIHEH, TPYIIIo-
BBIX JHUCKYCCHH, POJIEBEIX UTP, TPEHHHIOB, aHAIH3 CHTyalWi ¥ UMHTAIIHOHHBIX MOJelel, 1pe-
TI0AaBaHHe JHCIMIUIMHEL B JOpME Kypca, COCTABICHHOIO HA OCHOBE PEe3ylIbTATOB HAYYHBIX HMC-
ClleA0BaHUH, NPOBOAMMEIX KadeApoH, B TOM 4YHCIE, C YYETOM PErHOHANBHBIX OCOOeHHOCTeH
npodeccHOHANLHON IeATeNEHOCTH BHIMYCKHHKOB | notpedHocTH paboroaarenei.

YIOenbHEIH Bec 3aHsATHH, NPOBOJHMEBIX B HHTEPAaKTHBHEIX (popmax — cocraBiser 50%
ayIATOPHBIX 32HATHIE.

MeTtoap! aKkTABHOTO H MPAKTHYECKOT0 (IKCIEPHMEHTAIBHOT0) 00ydeHNs

Metozpl aKTHBHOTO 0O0ydYeHMs NPUMEHSIOTCSA C IENBI0 BOBICUCHHS CTYIOCHTOB HEIMO-
CPEACTBEHHO B MIPOLIECC PA3MBIIUICHHS H PEMICHHS 3a0ad. B akTHBHOM 00YYeHHH MEHbHIE BHY-
MaHHs yAeaIeTcs MacCHBHOH Iepefade HHGOpPMaNHK U OoNbIIe — MPaKTHKE YIIPaBIeHWs, IIPH-
MEHEHHS, aHalu3a B OLeHKH uaeH. [IoHMMaHWe MOBBIIEeT MOTHBAIMIO CTYHEHTOB K BBINOJIHE-
HHIO 3a/1aHu4 B (POpMUpPYET HaBLIK 00Yy4eHHs B TEHEHHE BCell XHU3HH.

AxTHBHOE 00y4yeHue TpaHcHOpMHEpYeTcs B HpaKTHUecKOe (IKCIEPHMEHTANBHOE), HPH
KOTOPOM CTYJIEHTEI IpoOyroT cebs B CMONCNHUPOBAHHBIX IIPOPECCHOHANLHEIX CHTYaOMAX,
HalpHMep, BBINOIHASA HPOEKTHI, HMUTHPYS UJIH AHATH3UPYS pealbHEIE CITydYau W3 HHKCHEpHOH
IIPAKTHKH.

6. OIIEHOYHBIE CPEJCTBA JJISI TEKYIIETO KOHTPOJISI YCIIEBAEMO-
CTH, IPOMEKXYTOYHOM ATTECTALIUU ITO HTOI'AM OCBOEHHSI
JACHUILIMHBI 1 YYEBHO-METOJUYECKOE OBECTIEYEHHUE CAMO-
CTOSITEJbLHOH PAROTHI CTYJIEHTOR

Bonpocse! ana pefitnHr-Konrposas Nel

1. Helicrsus Hag MaTpuLaMH (CIOXKEHHE, YMHOKEHHE, TPAHCIIOHUPOBAHHE ¥ T.1,. ).

2. Juddepesnuporanne MATPUYHBIX COOTHOIICHHI.

3. Martpuusas hopMa 3aHCH TEH30PHBIX BEITHYHH.

4, MeToas! pelieHua THHEHHBIX CHCTEM

5. Jluddepernmansnoe ypaRHEHHE TEILIOTPOBOAHOCTH

6. 3axon Qypbe, AaTh onpeneneHue KO3DQHIHEHTY TEILIONPOBOAHOCTH, TEMIIEPATYPHOMY
[IOJIIO, TEMNEPATYPHOMY TPaJIHEHTY.

7. BapuannoHHas NOCTaHOBKA 3aa4y TEIIOINPOBOIHOCTH U €€ YHCIEHHAS Pealli3allys Me-

TOUOM KOLSULILIX YMIeMOIITOR

8. lacucTHble CXeMBI TPH MOJSHHMPOBAHHH KOHTAKTHOIO BIAUMOJLCHCTBHS Tell B PaMKax
PEUIeHHS 33739 TeIIONPOBOIHOCTH METOIOM KOHEUHBIX 3NIEMEHTOB,

9. I'pauuunble ycIoBHs Terioobmena.

10. TToHsATHE ¥ NIOCTAHOBKA KPAaeBOH 3aldyi B MEXaHHKE TBEPZOTO AehOopMHPYEMOTO Tela

11. BapnanmonHas MOCTaHOBKA 3aaull TEOPHUH YIPYIOCTH M €€ HHCICHHAS peallu3allds Me-
TOAOM KOHEUHBIX 3/1EMEHTOB.

12. Marpnrna »ecTKOoCTH, MaTpula AedopMaluii, BeKTOp Y3NOBBIX MEPEMEIeHHH OIHOMED-
HOTO JIBYXY2TI0BOTO KOHEUHOTO 3JIeMeHTa.

13. Matpuua jxecTkocTy, MaTpria qedgopmaliiii, BEKTOP Y3JIOBBIX IepeMeIleHuil TByMepHO-
[0 TPEXY3JI0BOI0 KOHEYHOTO 3NIEMEHTA.

14. KoHe4yHO-2/1eMeHTHAs CXeMa PEIIeHHS 3a/[au TepMOYTIPYTOCTH

15. KuHeMaTnyeckie rpadliyHble YCJIOBMA 1 BX BIMAHHE HA TOYHOCTEL PERYNBTATOR.

Bonpoce: pas peiirnHr-konTposs Ne2
1. ANropuT™M 9HCIEHHOIO PEIIEHUS KOHTAKTHBIX 3aJad METONOM KOHEUHBIX JJIEMCHTOB.
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11.
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12.
13.
14.
15.

16.
17.

18.

ANrOpUTM YMCIEHHOI0 PEIIeHU] KOHTAKTHBIX 33189 METOA0M KOHEUHEBIX 3IIEMEHTOB HpPH
IIOJIBHKHOM KOHTAKTE C TPEHHEM.

AJTOPHTM UHCIEHHOTO PEIIeHHS KOHTAKTHBIX 3a7ad METOMOM KOHCUHBIX DJEMEHTOB
TIPH COSAMHEHMIX C HATATOM.

ATNropuTM YHCIEHHOTO PEIICHHS KOHTAaKTHBIX 3aJad METOJIOM KOHEUHEIX 3JIEMEHTOR MIPH
TeMIIepaTypHEIX JedopManugx (B YCIOBHIX BO3MOIKHOIO PAIMBIKAHHS KOHTAKTA),
Mogenn  yOpyromnacTRYecKOTo  Aed)OpMHpOBAHHS, HCHOIBIYEMBIE B KOIIEYIIO-
DICMEHTHOM TIPOYHOCTHOM aHANH3E, O0JACTH IPHMEHEHH .

Hedopmaronrass TeopHs HIACTHYHOCTH, €€ peai3anud IpH KOHEUHO-3JIEMEHTHOM
[IPOYHOCTHOM aHAIHM3E,

Teopus Teyenusd, ee peann3alys IPH KOHEYHO-3IIEMEHTHOM IIPOYHOCTHOM aHATIH3E.
OcoOeHHOCTH pellleHHs. 3a1a4 TePMOIUIACTHYHOCTH HPH KOHEYHO-3JIEMEHTHOM ITPOY-
HOCTHOM aHAaJ3e.

PacuerHBle cxXeMBI IIpH peLICHUH 3a7ad MOJAIBHOIO AHAITM3E METOJ0M KOHEYHEBIX 3je-
MEHTOB.

PacueTHBIE cXeMBI IIPH pPEIUEHHMH 3a71a49 MApMOHUYMECKOr0 aHalH3a METOJOM KOHEUHEBIX
ANEMEHTOB.

Bosmoxnocta coBpeMeHHBIX CAE-KOMIUIEKCOB 0 PEIIEHHIO 33139 HeCTallHOHApHOH
HenuHeHHON TUHAMHKH.

Bo3smoxxHOCTH coBpeMeHHBIX CAFE-KOMIUIEKCOB IO peIIeHHIO 3aJad MEXaHWKH paspy-
HIeHHs

Bonpoes: aas peTHHr-KoHTpoIg Ne3
MeTonpl AMCKpETH3alMK YPABHEHHH JBHXKEHMSA BS3KOH XUIKOCTH M TPAHUYHEIX YCIIO-
BUH.
Mogens BazkoH xwmakocTH. JIuneiiHO-Bsi3Kast (HBIOTOHOBCKAS) JKHJKOCTE. Y paBHEHHS
Hagpe-CrtoKCa.
CucTeMBl ypaBHeHHH I BA3KOM HecxKmMacMoi >kKHAOKocTH. HavyaibHble # IrpaHHdHbe
YCIIOBHAL.
CuctemBl ypaBHCGHHH And BA3Koilt coxumaemol xujkocTd. HauansHple M TpaHHYHEBIE
YCIIOBHAL.
Mogenuposanue TaMHHAPHOTO JBHXEHHA HECKHMAEMOH BA3KOH XUIKOCTH
Mogenuporasre TYpOYIeHTHOTO ABHKEHHS HEC)KUMAEMOM BAZKOM MU IKOCTH
OcHornrle Mogenu TypOynestnocts B CFD naxerax
Juccunanys sHEpTUy B BA3KOH TEIUIOIPOBOAHOMN KUIKOCTH.
MopenupoBanue o0TeKaHUs Tela IOTOKOM BAZKOH HECHUMAEMOH HHJIKOCTH.
MOe HHPOBHHIE RHCILHET O CRUMACMOTO [CHEHMS

. MogemupoBaHie IepHOAHYECKOrO TeYEHHS # TEIIonepeHoca (IPUMep pelleHns 3a1aTH

pacyera peleTKH TennooOMeHHUKa).

MozenupoBanye TeUeHHit co CBOOOIHEIME IPaHAIAMH.
JuckpeTn3anus pacueTHHX obnacTell. MeToIE! 1 alrOpUTMED JHHCKPETHIALHE
PacuerHas cxeMa IpH pellleHUH 3aXaY THAPOJIMHAMMKHY JUIS TEYEHHH ¢ OTKPHITHIME Tpa-
HHIAMH.
Pacyernas cxeMa s perueHus 3a1ad THAPOIMHAMHKY [IPH OOTEKAHHH TEN IIOTOKOM He-
CIKMMaeMOH KUIKOCTH.

Pacyernas cxeMa /18 penIeHHS 3aad MOJCIHPOBAHUS BHEIIHErO CKUMAEMOI0 TEUEHHS,
(cobeHHOCTH UCTIONEROBAHUS TUHAMHUCCKHX CETOK B 3aJlA4aX BRIMHUCIMTENBHOR THAPO-
TTHAMHKH.

OcobeHHOCTH peIleHMs CONPSDKEHHBIX 3a7ad rUapo(raso)IHHAMHKY, TEILIOBOIO H Me-
XaHMYECKOTO HArPYKeHH.
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20.
21.
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24,
235.
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27.
28.
29.
30.

31.

Bomnpoceb! K K3aMeHy
OcHoBBHAas KOHUENUHS KOHEYHO-3IEMEHTHOIO aHANIH3, JOKalbHasd anlpoKCHMAIUs pac-
UeTHOH 0o0nacTy.
OCHOBHEIE TIPaBHIIA IIOCTPOSHHS KOHEUHO-3JIEMEHTHBIX MOETEH.
OnmHOMEpHEIE KOHEUHEIE OJJIEMEHTH, WX HHTEPIIONANHOHHEIE IIONHHOMEI H (QyHKIMK
$OPMBEL.
JByMepHLBIe TPeXy3/loBLIe KOHEUNBIe dJeMEHTHI, HX HIITCPHONALMOIILIC ITONMIIOMEl |
dyuxnun GopMEL
JBYMEpHEIE YeTHIPeXy3JI0REIe KOHEYHBIC 3JIeMEHTHI, UX WHTEPIOSIIHORHbIE TTOIIMHOMEL
U (pyHKIUH GOPMBL.
TpexMepHble KOHEYHEIE 3JIEMEHTHI, HX HHTEPIOIIIHOHHEIE ONUHOME] M $yBEKUMH dop-
MBL
HnTepriomipoBanne BEKTOPHBIX BEIMYMH TIPH AUCKPETH3AIMH OJHOMEPHBIMH, ABYMEp-
HBIMH M TPeXMEPHBIMH KOHCUHLIMU DIIEMEHTAMH
JlokanpHbIe CHCTEMEI KOOPAMHAT (L- KOOpIUHATEI) 111 OAHOMEPHEIX KOHCHHLIX BIIeMEeH~
TOB.
JlokaneHele cucTeMb! KOOPAUHAT (L- KOOPNHHATEI) JUIL JIBYMEDHBIX KOHEYHBIX 3JIEMEH-
TOB.
JlokasapHBIe CHCTEMBI KOOPAUHAT {L- KOOPAMHATEI) Ui TPEXMEPHBIX KOHEUHEIX 3JIeMEH-
TOB.
CroiicTB2 HHTEPIONAIIHOHHEBIX HOIHHOMOB (CXOIHUMOCTE, HENPEPLIRHOCTE)
MuTepronanroHHEbIC TONHEOME] CKATAPHEIX BEJTHIHH A9 JUCKPETH30BaHHOM 0bracTu

. HHTGPHOJ’IHHPIOHHBIC TIONMHMHOMBI BEKTOPHEBIX BEMUTHH A ,I[HCKpGTHBOBElHHOfI obracTh
. AHFOPHTM PELIEHHA CTAIMOHAPHEBIX 3aad TEOPHH IO METOJ0M KOHEUHEIX 9JIEMEHTOB.
. AHFOpHTM pelreHHA HECTAIMOHAPHEIX 38189 TEOPHH TI0JA METOIOM KOHEYHBIX DJIIEMEH-

TOB.
ArnmpokcuManus pacdeTHBIX obnacTell 1 00B€MOB ¢ KPHBOMUHEHHBIMY rpaHunaMu. On-
HOMEPHBIE KOHEYHBIE 3NIEMEHTHI BEICOKUX ITOPSIKOB B HX ITOJNHHOMBL

ArmpokcuManus pacHeTHEIX oOnactelf B 00BEMOB ¢ KPUBONMHEHHBIMH TI'DaHHIIAMH.
JByMepHEBIe KOHEUHEIC DIEMCHTEI BEICOKHX MOPSIIKOB ¥ HX HOJHHOMEL.
Juddepennuansroe ypapHeHe TENNONPOBOIHOCTH

3axox Dypee, JaTk onpeaeiesne KO3 PHIHEeHTY TEMIONPOBOJHOCTH, TEMIEPATYPHOMY
[IOJIO, TEMIIEPATYPHOMY TPaIUEHTY.

BapHalHoHHas NIOCTaHOBKaA 3a7a4dyl TEMIONPOBOAHOCTH M €€ UHCICHHAS pealn3allisl Me-
TOZOM KOHEYHBIX IIEMEHTOB.

PacueTHEIE cXeMBI IpH MONETHPOBAHHME KOHTAaKTHOTO B3aHMMOACHCTBHS TEl B paMKax
PEIHSTLA s Tt [@IUIOHPOLOALIOC T Me TOROM KOH@HILIK 2 IIeMEH [l

I'panuugbie yesopus reiioobMeHs.

ITonsTHE M ITOCTaHOBKA KPacBOH 33729l B MEXaHUKE TBEPAOTO Ae(OpPMHPYEMOTO Tea
Bapunauuonnas nocraHoBKa 3aaYd TEOPHH YIPYTOCTH M €€ YMCICHHAs peaau3alus Me-
TOJOM KOHEUHBIX 3JIEMEHTOB.

Martpunia JXecTKOCTH, MaTpula AchopMaliuif, BEKTOp Y3TOBBEIX MEpeMElIcHUH OMHOMEp-
HOTO JABYXY2JIOROTIO KOHEYHOTO 3IIEMEHTA.

Marp#una »KecTKOCTH, MaTpala JeQopManni, BEKTOP y3/I0BbIX IEPEMENIEHAN JBYMEPHO-
IO TPEXY37J0BOT0 KOHEUHOTIO 3/IEMEHTA.

Koneuno-aneMeHTHas cxeMa peLIeHns 3a/]a9i TepMOYIIPYTOCTH.

Kunematayeckue rpaHH4HEIC YCIIOBHS H HX BIHMSHHE HA TOUHOCTE PE3YNIBTATOB.
AATOpUTM YHCIEHHOTO PeINeHHs KOHTaKTHEIX 3324 METOJI0M KOHEUHBIX 3IEMEHTOR.
AJNrOpHTM YHCIEHHOTO PEHICHUS KOHTAKTHBIX 3314 METOIOM KOHEUYHBIX 3JIEMEHTOB IPH
TIOIBHXXHOM KOHTAKTE C TPEHHEM.

ANTOPUTM YHCJIEHHOTO PEIeHHsS KOHTAKTHBIX 3a/a4¥ METOIOM KOHEUHBIX 3MEMEHTOB
[IpHU COEIMHEHHSX C HATATOM.




32.

33.

34.

35.
36.

37.
38.
39,
40.
41.
42.
43,
44,
45.
46.
47.
48.
49,
50.

51.
52.

53.

AJNTOPHTM YHCIEHHOTO PEIIeHH KOHTAKTHEIX 3a/lad METOLOM KOHEYHBIX 3JIEMEHTOB IIPH
TEMIIEPATYPHBIX JePopMalnaX (B yCIOBHIX BOSMOKHOTO PA3MBIKAHMS KOHTAKTA).
Mogenn  ynpyromnacTHuecKoro AeGopMHpOBaHHA, HCHONL3YEMBIE B  KOHEYHO-
3MEMEHTHOM NPOYHOCTHOM aHAM3e, OOJIACTH IPHMEHESHHS.

HedopmanyoHHass TEOpHS IUIACTHYHOCTH, €€ DPealu3alus Ipd KOHEYHO-3JIEMEHTHOM
IIPOYHOCTHOM aHAH3E.

Teopus TeUEIHNs, €6 PETH3ALHS IPH KOHEYHO-3JIEMEHTHOM [IPOYHOCTHOM AHAJIH3C.
OcobenrocTH pellleHHs 3ajad TePMOIUIACTHYHOCTH OpPH KOHEYHO-3IEMEHTHOM Mpo4-
HOCTHOM aHaJH3e.

PacyeTHple cXeMBI IIPH PEIUCHHH 3a/1a4 MOJAJLHOTO AHANH3A METOIOM KOHEYHEIX 3JIe-
MEHTOB.

PacuerHrle cxeMpl IpH pellleHNH 3a/1ad FapMOHHYECKOr0 aHANH33 METOAOM KOHEUHEIX
SNEMEHTOB.

Bosmoxnocti cospeMeHHEIX CAE-KOMINUIEKCOR 110 PEIUCHMIO 3aHau HECTAIHOHAPHOH
HeTHHEHHON TUHAMUKH.

MeTonp! AUCKPETH3aLHHA YPABHEHHMH JBHDKCHHUS BA3KOH JXHAKOCTH M IPAHHYHBIX YCIIO-
BHH.

Mogene Bazkol sxumkocTH. JIMHEHHO-BA3Kas (HBIOTOHOBCKASA) KHJKOCTH. YpaBHEHMS
Hagre-Croxkeca.,

Mogempopanye TaMUHAPHOTO ABHKCHIA HECKUMAEMOH BAIKOH XUIKOCTA
MopemipoBarue TypOyIeHTHOTO ABHIKEHHS HECKUMAEMOH BI3KOH KUAKOCTH

Ocuorbie Mogenn TypbynenTHocTH 8 CFD nakerax

MonenupoBanme 00TeKaHHs TeNa IOTOKOM BSI3KOH HEC)KHMAEMOIT *KHUIKOCTH.
MopgenupoBanue BHEIIHErO CKUMAEMOTO TEYEHHS.

Mopenuporanue TeueHHI co cBOOOAHBIMH TPAHHIIAMH.

HuckpeTnsanus pacdeTHbIX obmacTeil. MeTos1 H ANropHTMBI AUCKPETHALMH

Pacuernas cxema mpH pelleHUH 3aad THAPOIUHAMHKH Ui TEYE€HHH ¢ OTKPHITEIMH I'pa-
HHLAMH,

PacyeTnan cxeMa miist pelneHnd 3agad THAPOJHHAMHKH IpH 0OTEKAHHH TEIl HOTOKOM He-
COKHEMAaeMOi JKHAKOCTH.

Pacyernas cxeMma AN pelleHHs 3aj1a4 MOJETHPOBAHNS BHEIIHETO COKHMACMOTO TEUEHHS.
OcobenHoCTH HCIONBE30BAHNS JUHAMHYECKHIX CETOK B 3a/adaxX BEIMHCINTENLHON ruspo-
JHAMHAKH.

OcobeHHOCTH pEeIeHHsI COPSIKEHHRIX 3a0a4 THIpo(Ta30)AMHAMMKH, TEIIOBOTO H MeXa-
HHYECKOTO HarpyKEHI.

VYueduo meromiraeckoe obecrevenne P a CPII
YuebHo-MeToaMYecKoe obecnedeHne CaMOCTOSTENbHONH paloThl CTYAEHTOB MPUBOAHTCS

B METOMHYCCKHX DPEKOMEHIAUMAX II0 BBINOJIHEHHI0 CaMOCTOSTEABHOM paboTEl CTYJIEHTOR TIO
mucunmune «CHereMel KoHeuHo-3nemenTHOro ananmnza (CAE-cucremen)».

dong OLCHOTHEIX CPCACTB HJIA NPOBEJAEHHS aTTCCTALHH YPOBHA C(bOpMPIpOBaHHOCTH

KOMIOCTCHIINH 06}7‘18101].{1/1}{051 10 JUCIHIIITHHE O(IJOPMJIﬁeTCSI OTHEINBHEIM JJOKYMCHTOM.




7. YYEBHO-METOIUYECKOE H HH®OPMAIIHUOHHOE OBECIIEYEHHE
TUCHATLIAHBI

7.1. KauroodecneyeEHOCTH

Hawmenoranye nute-
paTypeL: aBTOp, Ha3Ba-
HHE, BHJL W3/AHH,
HM3NATEIBCTRO

Ton
M3a-
HH5

KHHUT'OOBECIIEYEHHOCTD

KonuuecTtso
IK3IEMITIA-
POB H3na-
HHH B GUG-

JNHOTEKE
Bal'YV e
COOTBET-
CTEHH C
dIOC BO

Hanuune B anexrponnoi 6ubnuorexe Bnl'yY

1

3

4

OcHoBHas aHTEpaTypa™

1. Hurepibeiic u rene-
PHPOBaHHE CETKH B
ANSYS Workbench
[OnexrpoHHBIi pe-
cypel: Yueb. nocobue
no kypey "I'eomerpu-
eCKOe MOJIETHPORA~
une 8 CATIP" / E.JO.
Bepxotypkun, B.H.
[Tamenko, B.B. I1acen-
ki - M.: Msnarens-
creo MI'TY um. H. 3.
baymana

2013

http://www studentlibrarv.ru/book/ISBN97857038369
10.html

2. SolidWorks
Simulation. Mmkenep-
HBIH aHanuz Ans npo-
{heccHOHANOB: 3a1a4H,
METCABI, PEKOMEHAA~
MK [DNEKTPOHHBHA
pecypc] / AnsaMoeckHi
AA. - M. JIMK
[Tpece

2015

htip:/fwww studentlibrary. uw/book/ISBN97859706014
02 html

3, Pewenne 3anay
TEOPHH YNPYTOCTH
METOZOM KOHEYHEIX
3IEMEHTOR [3aek-
TPOHHEIH pecypc]:
Yuet, mocobue / A.B.
Kotosuu, H.B. Crau-
keeud. - M.: Uspa-
TenpcTeo MI'TY uMm.
H. 2. baymana

2012

http://www.studentlibrary.ru/book/ISBN97857038356
78.html

4. 'ou A.H. Yucnen-
HBIC METOABI pacueTa B
DUEPUOMATIMIIOCT PO
HUH: yuefHoe rmoco-
bue: B 2 u. / AH. Tou;
BnaguMmupciuit rocy-

2012

http:/fe.lib. visurw/biistream/123456°789/2272/1/01021.

pdf




AapcTREHHBIA YHUBED-
CHUTET UMEHH ANek-
ca”zpa I'puropresuua
1 Hukonas I'puropre-
BH4a CTONETOBBIX
(Bal'Y). — Hszg. 2-e,
HCTIP. ¥ fom. — Bna-
auMup: Bragummp-
CKHil ['OCYJAPCTBEH-
HEL YHHBEPCUTET
HMeHH AnexcaHapa
I'puropeesnua u He-
konas I'puropoeeuya
Cronerorsrx (Bal'Y),
2012-2013. — ISBN
978-5-9984-0307-1. 4.
1 [351exTpOHHRI pe-

cype]

5. Tou A H. Yucnen-
HBIE METOQ/IBI pPacueTa B
SIEPrOMALLHIIOCTPOC-
HHH: yuyebHoe Moco-
oue: 2 u./AH. Tom;
Brnanumupckuit rocy-
IapCTBEHHELH YHHBED-
CHTET HMeHHK AfeK-
canipa I'puropreruyua
u Hukonag I"puropse-
Buua CToreToBrIx
(Bal'Y). — Hsn. 2-e,
HcIp. 1 fomn. — Bna-
oumup: Branamup-
CKHH rocynapcTBeH-
HEIH YHHBepCHTET
HMEHH ANekcaHnpa
I'puropeesnya i Hu-
kosas I'puropsesuua
Croneroesix (Bal'VY),
2012-2013. — ISBN
078-5-0084-0707-1 1
2 [JnexTpoHHsIl pe-
cypc|

2013

http://elib.vlsu ru/bitstream/123456789/2272/1/01021.
pdf

JononHutensEas MHTEPATYpa

1. Ilpucexun B.JIL. Oc-
HOBEI METOJIA KOHEY~
HBIX 3JIeMEHTOB B Me-
XaHHKe Aedopmupye-
MBIX Ten [DNeKTpoH-
HEBI pecype]: yueb-
HuK/ [pucexun B.JL.,
Pacropryes I"'M. —
DIEKTPOH. TEKCTOBbIE
lianHeie. — Hosocu-
oupck: HoBocubup-
CKMi rocyzlapcTBeH-
HbIH TeXHHUYeCKUH
YHHBEPCHTET,

2010.

hittp://www iprbookshop.rni/45417 — 3BC
«IPRbooks»




2. Pemienyie zagayu Me- 2009
XaHHKH CTIIOLIHOH
Cpedbl B IIPOrpaMM-
HOM KOMTNEKce
ANSYS [Onekrpon-
HBIA pecypc]: Meron.
ykaszanuaa / M.B. My-
pamios. C.JI. IanuH. -
M.: H3natenrctBO
MITY nM. H.3. Bay-

MaHa

http://www .studentlibrary.ru/book/bauman 0343 html

3. ANSYS u LMS Vir-
tual Lab. ['eomerpuue-
CKO€ MOJIETHPOBAHKHE
[SnekTpoHHEIif pe-
cype] / bacor K.A. -
M.: MK Ilpecc

2009

http://www .studentlibrary.ru/book/ISBN5940743013.h
tml

7.2 Ilepponnyeckue H3TAHUS:

1. XKypnan «CADFEM REVIEW» / Hayuro-TexHHYeCKHH xKypHan oT xommanun KAJl-

GEM.

2. Kypuan «<ANSYS Advantage. Pycckas pefaxiusy / WimKeHepHO-TEXHHIECKUH Kyp-
Hall, ohHUHaTBHOE IIeYaTHOe i3jlanne kommanun ANSYS, Inc.

7.3 HaTepHeT-pecypent

Hazeanue nopmana

CCBLIKA

YyebHO-METONHUECKHH KOMIUIEKS QUCTIMITIIH-
HBI Pa3MELIEH Ha 06pa3OBATENBHOM CEpBEpE
Bal'¥. IlepcoHankHeiit JOCTYN KaXa0ro CTY-
JEHT4 K MaTepraliaM OCYIICCTBIAETCA He
NO3HEE NEPBOH HelleTd M3y UeHHS THCLHIIH-
HEBI

hitp://fwww.cs.visu.ru:81

Hayunas snextpoHHas Gubnrotexa
eLIBRARY RU - poccuiickuii undopMannon-
HO-aHAIIHTHYECKHIT IIOpTan B 061acTH HAYKH,
TEXHOJOIHH, MEIHIIHHEI U 00Pa30BaHHS

http://elibrary.ru/defanlix.asp

«EauHoe OKHO» IOCTYMa K 06pa3oBarenbHEIM
pecypcam
MenuuctipsHapHoOe o6y YeHme

http:/fwindow.edu.rw/

Lilp.//www,nano-obe .o/

CrathH 0 MAITHHOCTPOEHHH

http://machineguide.ru/

ITopran oTpacnesoii HHOPMALHH O MalllHHO-
CTPOEHHH

http://www.mashportal.ru/

Pecypc 0 MaluxHOCTpOEHHH

http://www.i-mash.ru/

Texuuueckas nuTepaTypa 1Mo MallMHOCTPoe-
HUIO

http://www.mirstan.ru/index.php?page=tech

bubayoTreka TexHUUECKOH TUTEPATYPLI

http://window.edu.ru/librag?g rubr=2.2.75.11.34

HmieHepHble pelueHHd H3 pasTHUHEIX obna-
cTel NpoeKTHpORaHNA

http://chertezhi.ru/

www all-library.com/ansys/
www.cadfem-cis.ru

https://cae.urfu.ru/ro/

Bcee o MammHocTpoeHuK

http://dlja-mashinostroitelja.info/

Coroz mammHocTpouteneii Poccuu

http://www,.soyuzmash.ry/

HndopmalHOHHO-aHATUTHYCCKHUIA caliT no ma-
TepHanam 3apyOeHOit Ne4aTy 0 COBPEMEHHEIX
TEXHOJIOTHAX U MHCTPYMEHTaX AT METAILIO-

http://www.stankoinform.ru/index. htm




| o6paborku |

HepedeHs pecypcoB Hu(bOPMALHOHHO-TEIEKOMMYHHKAIMONHOL ceTH «HTepHeT», Heob-
XOAHMBIX 7151 0CBOEHMS NHCIIHIIHHEE

1) Iopran Uentp puctanmuontoro ofy4enns Bal'V [anextponssiii pecype] / - Pexum JAOCTYyTIA:
http://cs.cdo.visu.rw/

2) Paspen ouumansuoro caiita Bal'V, conepsxamuit omucanne oGpasoBatensHoil IIpOTpaMMEI
[onexrponnbi#t pecype] / - Pexxum mocryna: O6pasosaTensuas nporpamma 28.03.02 «Haromn-
MEHEPUIY

http://op.visuav/index. php?id=3518

8. MATEPHAJIbHO-TEXHHYMECKOE OBECIIEYEHHE TUCITAILJIAHBI

1. Cyneprommriorep «CKN® MOHOMAX» nponspoguTensHocTthio 4,7 T-®omnc.
2. UeTsipe KOMIBIOTEPHBIX K7acca, oGecHeunBaronie cBA3b ¢ CynepKoMmbioTepoM «CKI®

MOHOMAZX».

3. JluueHsuoHHOE TporpaMMHOE ofecliedenne: yHHBepcuTeTcKHe Bepcun CAD/CAM/CAE-
cucreM Pro/ENGINEER, Pro/MECHANICA, Creo Parametric, ANSYS, SolidWorks Simula-
tion, MaTeMaTHyeckue makeTsl Mathcad, MATLAB.




9. OBECHEYEHWE OBPA3OBATEJIbHOI'O HPOIECCA JUISI JIUIT C OB3

9.1. YueOno-meroaudeckne mocoGus aia JAMu ¢ OrPAHHYCHHBIMH B0O3MOMKHOCTIMHA
3A0POBHA

Y4eGHo-METOANYECKHEe MATEPHAE] IS CAMOCTOATENLHON W ayguropuolt pabotel 00y-
HAIOMIUXCS H3 YHCIA HHBATHIOB MPEJIOCTABILIIOTCS B (POpMaX, aNalTHPOBAHHEIX K OrPaHHICHH-
AM UX 3JIOPOBES H BOCIIPHATHA HH()OPMAIHH.

Jnist ;I ¢ HapyIeHAIMHE 3peHUs:

— B (JopMe 3IEKTPOHHOIO JOKYMEHTa,

— B IIe4aTHO popMe yBeIMUeHHEIM HPHPTOM.

Hna nn ¢ HapymenusaMu cryxa:

~ B opMe IMEKTPOHHOTO AOKYMEHTa,

— B ievatHo#t popme.

Jliia 1an ¢ HapyIeHUSIME OITOPHO-ABHTATEIHFHOTO anmapara:

— B hopMe SIEKTPOHHOTO JOKYMEHTA,

— B IIeYaTHOH hopMe.

9.2. MaTepHalbHO-TeXHHYECKOE 0ecedenne AMCIHILTHNbI ansa aun ¢ OB3

Ocpoenne mucnunnuesl munamu ¢ OB3 OCYIECTBIACTCA ¢ HMCHONB30BAaHUEM CPELCTB
obyueHns 00IIIero | CHEHHATBHOTO HASHAYCHHS.

IIpu ofyueHHH CTyNGHTOB C HADYIIEHHSMHM CIyXa NPEIYCMOTPEHO MCTIONBEI0BAHHE 3BY-
KOYCHITHBAIOIIEH aNMapatypel, MyIETHMERUIHEIX CPENCTB U APYTHX TEXHHICCKHK CpEeAcTB Npu-
eMa-nepefaun yJeObHok HHPOpPMAlMK B JOCTYNHEIX (opMax s CTYIEHTOB C HApyUICHHAMH
clyXa, MOOHIBHON cHCTeMEBI 06YYeH s 1A CTY/IEHTOR ¢ HHBJIHHOCTBIO, IIOPTATHRHOM HHYK-
OHOHHOH CHCTEMbl. YuebHad ayaHTOpHS, B KOTOpOH ofydarorcs CTYZAEHTEI ¢ HapyIIEHHEeM CIy-
Xa, 060pynoBaHa KOMIBIOTEPHOM TEXHHKOI, ayJHOTCXHHKOH, BHAECOTEXHHKOH!, 3IEKTpOHHOH
JOCKOH, MyNbTEMENHIHO cucTeMOH.

Ipn o0ydeHuH CTyNEHTOB ¢ HAPYIIEHHAMH 3pEHHS OpeAyCMOTPEHO HCIIONL30BAHAE B
TMEeKOWOHHBIX M yIeOHBIX ayTHTOPHAX BO3MOXKHOCTH IIPOCMOTPA YHOAIEHHBIX 00BEKTOR (HAIIPH-
MEp, TeKCTa Ha JOCKE MIM Claia Ha 3KpaHe) IIPH MOMOLIM BHASOYBeIHIHTENeH Jis YAAICHHO-
ro IpoCMOTpA.

Ilpu oBy4yenHH CTYNCHTOB ¢ HapyMIEHHSIMU OIIOPHO-/{BHIATENBLHOIC anmapara HCHOMb-
3YHTCs albTEPHATHBHEIE YCTPOMCTBA BBOJA MHGOPMALWH M IpyTHE TEXHHYECKHE CpeJICTBa
npreMa-nepenads yuebuoi undopmarmn B gocTynasx Gopmax mis CTYJIEHTOB C HapyINEHHIMH
OIOPHO-ABUIATE/IBHOTO anmapara, MOOuiIpHOH cHCTeMbl 00y4YeHHd s Trofel ¢ WHBAIUIHO-
CTHIO.

9.3. TpeboBanus k oy oLeHOUHBIX cpeacTs aast aun ¢ OB3

JU0S CLYAQHTOR ¢ OIPAHNYSHHEIME BOAMOIKHOC UM SUOPOBLIL LPEUYCMO TDEHEL OO -
HUTEJILHEIC OLCHOYHBIE CPCACTBA, IIEPEedeHb KOTOPEIX YKa3aH B Tabmue 1.

Tabmiua 1 — JomonuuTensHBIE CPENCTRA OMEHUBAHKS T CTYHAEHTOR C MHBANIMIIOCTLIO

Kareropuu crynenros BuIBI  ROTIONHMTENBHBIX  OUEHOMHBIX | MOPMEI KOHTPONA H OLEHKH pesyin-
CpEICTB TaToR o0yueHHA

C HapyeHuaMH CIyxa Tectsl, muceMennkle naboparopusle paboTey,| [IpenMyitecTBeHHO MHCbEMEHHAS
BONPOCEHI K 3a4ETY, KOHTPONLHEIC PaboTh NpoBepxa

C napyineHuaMu 3penus Colecenosanme 1o BompocaM k 3auety, | IIpenMyluecTBeHHO YCTHAs IpOBepKa
ONpOC 110 TEPMHHAM (MHIHBHAYATLHO)

C HapyLUCHHAMH ONOPHO- | PelleHue JMCTAMIUOHHBIX TECTOB, KOH- IlpenMymectBEHHO AMCTAHLMOHHEI-
ABHI&I€/IpHOTO ANMApaTa  ; TPOJIbHLIE PAGOTE, MHChMeHHbIE Nabopartop-| MU MeTomamu

HbI€, CAMOCTOATENbHBE paloThl, BONPOCE] K
3aueTy

C orpamuerntamu no 06- | TecTei, NHCEMEHRbE JIaGOPATOPHBIE, CaMO- IlpeumyIecTBEHHO NPOBEPKA METO-
HEMENNLHMHCKIM  [10Ka3a- | CTOATENEHBIE PabOThl, BOMPOCH K 3a4e€Ty, | NaMH, HCXOAS M3 COCTOSHMA 00yya-
HHAM KOHTPOJBHEIE paboTsl, YCTHbIE OTBETH] IOLIETOCS HA MOMEHT TIPOREPKH




9.4. Meronuueckne pexoMeHIANMH N0 OLEHOYHBIM CPeACTBAM /JIA JIHI ¢ OrPaHH-
YeHHBIMH BO3MOXKHOCTIMH 300POBbSA

Mg ctynentos ¢ OB3 mpexycMatpusaetes 2octynHas GopMa IpefocTaRIeHHs 3a0aHuil
OLEHOYHBIX CPEJICTB, & HMEHHO!

* B IICUaTHOH (opme;

* B IIeUaTHOH Gopme ¢ yBenHIeHHEM pr(ToM;

* B JOpME 3IEKTPOHHOTO JIOKYMEHTA;

* METOJOM YTEHHS aCCHCTCHTOM 3a[aHHUd BCIYX;

* IIPEJOCTABICHHE 3aaHs C HCIIOIB30BAHHEM CYPAOIIEPEROIA.

CrynenraM ¢ MHBATHIHOCTBIO YBEIMYHMBACTCA BpeMsl Ha HOATOTOBKY OTBETOB H& KOH-
TPOJIBHEIE BOIIPOCEL.

JUIsl TaXuX CTYAEHTOB NpeAycMaTpHBAeTCs JOCTylHas GopMa MPefOCTABNEHHS OTBETOB
Ha 3aJaHus, a HMCHHO:

— [MMCBMEHHO Ha Oymare;

— Habop OTBETOR Ha KOMIBIOTEPE;

— Habop OTBETOB € HCIIONL30BAHUEM YCIIYT ACCHCTEHTA,

~ IIPEACTABICHHUE OTBCTOB YCTHO.

IIponenypa OLEHMBaHUA PE3yNMBTATOB OCYUEHHs HHBAIHIOE MPEIyCMATPHBACT HIPEo-
cTaBlieHHe HHpOpManuy B Gpopmax, aJanTHPOBAHHbLIX K OTPAHHYEHUSIM UX 30OPOBES M BOCIIPHS-
THA UHGOPMALIHH:

J1s I ¢ HapyIIeHHsIMHE 3peHMS:

— B (hopMe 3NEKTPOHHOI0 JOKYMEHTa;

— B IeUaTHOH (opMe yBeTHICHHEM INPHBTOM.

Js Tui ¢ HapylIeHHaMH ciyxa:

— B hopMe 3MEKTPOHHOI0 JOKYMEHTA;

— B I1e4aTHoit Gopme.

Jlns a1 ¢ HapyIEeHHAMH OIIOPHO-ABUTATEILHOIO ANNapaTa;

— B (popMe DICKTPOHHOIO AOKYMEHTA;

— B neyaTHOH {opme.

1Ipu HeoGxomMMOCTH AN 0OYHAIOMKXCS ¢ HHBANHIHOCTDIO IIPOLEAYpa ONEHHBAHMS pe-
3yJbTaTOB 0OYYEHHS MOXKET IPOBOAHTLCH B HECKOJIBKO STAIIOB.




PabGouas mporpaMMa JUCIMIIIMHBI COCTaBJICHA B cOOTBETCTBHM ¢ TpeboBanusmu OI'OC

BO no nanpasnennto 28.03.02 «HaHouHKEHEPHSY

Pa6owyro mporpaMMy COCTaBHI A 74, Wﬂr’ A2 TP o venso A B \W
(®HO, noanucs)

Penensent é

h S
(mecto paborsl, nomkHocTb, DHO, HO,!IHHCB% 49‘//’
\ LB 125'»W/

Ilporpamya paccMOTpeHa H 000pEHa Ha 3aceaHny Kadeapsl TeXHOIOMHA MAIIAHOCTPOCHHS
Ipotokon Ne 7 oT AZ4.207/9 Tona

3apenyromuii kadeapoit 1.1.H., npodeccop Mopozos B.B. @
(OUO, nonn7éb) /

Pabouast mporpaMma paccMOTpeHa B 000peHa Ha 3aceTaHHH yUeOHO-METOINYECKOH KOMHCCHH

HarpasieHus 28.03.02 «HanouHxeHepus»

[Ipotoxon Ne 7 oT QL A0/4 Tona #

[Ipencenarens KOMUCCHH JI.T.H., podeccop Mopozor B.B. Ing
(®UO, no?'fncsj




JIMCT IIEPEYTBEPXKAEHUA

PABOYEN MPOT'PAMMBI TUCITATITAHBI

PaGouast mporpamma oxobpena Ha AAC/ 4441 yaebusiit rox
[Iporokon 3acenanus kadeaper No 7 ot &7. 85 Af¥dona

3aBexyromuii kadeapoii 1.1.1., npodeccop Moposzos B.B.

’

Pabouas nmporpamma ogo0peHa Ha y4eOHEIH TOJT

[Iporokon 3acemanus kadenapsr No oT roja

3apenyromuii kadeapoii 1.1.1., npodeccop Moposzos B.B.

/7

Pabouas nporpamma onodpena Ha yueOHBIH rof

[IpoToxon 3acenanus Kadeapsr No oT roza

3apenyroumii kadenpoii 1.1.H., npodeccop Mopo3zos B.B.




