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(BI'TY «BOEHMEX» um. JI.®. YcTHHOBA)
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JIUCT COI'JIACOBAHUA

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

24.05.02 ITpoekTHpOBaHUe aBUALIMOHHLIX U PaKeTHBIX /BUraTe/iei
rog, Habopa rpynrbl: 2024

IIporpamMmmMmy cocTaBuiI:

Kadenpa A8 IBUTATEJIN 1 DHEPTOYCTAHOBKU JIETATEJIBHBIX
ATITTAPATOB
Mycrelikric AHTOH VIBaHOBMY, CTapIIMii ITperojaBaresib

[TporpaMma paccMOTpeHa
Ha 3ace/laHuy Kadeapbl-pa3paboTurka
paboueti nporpamMmel A8 IBUTATE/IU U SHEPT' OY CTAHOBKWU JIETATEJ/IBHBIX AITITAPATOB

3aBepytomuii kKadesapoii JleBuxuH A.A., K.T.H., JOLI.

[Tporpamma paccMOTpeHa
Ha 3ace/JaHUM BhIMyCKaroIiei Kadeapbl

A8 IBUT'ATEJ/IN 1 DOHEPI'OY CTAHOBKM JIETATEJ/IBHBIX AITITAPATOB

3aBeqyroiuii Kadezapoii JleBuxuH A.A., K.T.H., JO0L.




PABOYAS ITPOI'PAMMA JUCIIAII/INHBI
MO/JIEJITMPOBAHUE ITPOIIECCOB B KAMEPE CI'OPAHUA I'A30TYPEUHHBIX JIBUTATEJ/IEN

Paspensl paboyeii mporpaMmsI

1. HEJIN OCBOEHUSA JNCHUITIINMHBI

2. MECTO INCLHUIIIIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA 1 COOEPXXAHWE NUCLIAITJINHBI

4. ®OPMbBI KOHTPOJIA OCBOEHUMA ANUCLIUITIMHBI

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

ITpusoxeHusi K padouyeii mporpaMme JUCIMILUIHHBI

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



1. OE/IM OCBOEHUSA JUCILUIIVIMHbBI

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

I1CK-5.8 — crmoco6HOCTh NMPUMeHSTh CUCTeMbI aBTOMATH3alyy HHXeHepHBIX pacuétoB (CAE) npu pereHun
3a/1au ripoeccroHanbHON JesiTe/IbHOCTH

DOpMHUPOBaHHIO KOMITETEHI[UH CITY>KUT JOCTKEHUE CJIeIyIOLIUX Pe3y/IbTaToB 00pa30BaHus:

IICK-5.8

3HAHUS:

TeopeTuueckue OCHOBbI Pa3HOCTHOTO MOJeNUpPOBaHus; 3HaHHe
MO/IeTUPyeMBbIX TPOLieCCOoB; 3HaHUe MPUHIMIIOB IMOCTPOEHUs KOHEUHO-3/IeMeHTHBIX U CeTOUHBIX MoJesielt;

YMeHUS:
YMmeeT TpaHcupoBath JaHHbIe Mexkay CAD u CAE cucremamu; IToaroToBka rpachryeckoro Mareprasa

anst opopmnenuss KJI; HamokeHne TpaHWYHBIX YCIOBUM; 3ajlaHue TapaMeTpOB Cpelbl /s TPOBeeHUs
pacueta; 3aryck pacuérta; OcraHOBKa pacuéTa;

HABbIKU:
Amnanu3 pe3synbratoB pacueta; O6paboTKa pe3y/ibTaToB pacuéTa.

¢usmueckux ocobeHHOCTeN



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Juctuninaa MOJAE/IMPOBAHUE ITPOINECCOB B KAMEPE CI'OPAHUA

TA30TYPEUHHBIX JIBUTATEJIEM sBnsieTcs AUCIMIUIMHON 06s13aTe/IbHOI yacTH 6;10Ka 1 IporpaMMb!
TIOJITOTOBKHU 110 HarpaBenuto 24.05.02 I[IpoekmupogaHue aguayuoHHbIX U paKemHbix oguzamesetl.

CogepxaHve IUCLMIVIMHBI fBJ/IseTCs jiorndeckuMm npopopkennem aucouivme: MTHIXKEHEPHASA U

KOMIIBIOTEPHAAA TPA®UKA, INTPOEKTUPOBAHUE C IIPUMEHEHUWEM CAD/CAM/CAE-
CHUCTEM.

CopepXaHue [UCLUIUIMHBL SIBJsIeTCSI OCHOBOM g ocBoeHust gucuumuivH: ITOAT'OTOBKA K

TMTPOIIETYPE 3AIIUTEI U 3AIIUTA BBIITY CKHOUN KBAJTU®UKAIIIOHHON PABOTBL.

[penBapuTebHBIE KOMITETEHI[H, COPMHUPOBaHHBIE Y 00yUarOIerocs /10 Hauasia u3yueHus TUCLATUTAHBL:

OIIK-3 — CniocobeH pa3pabaTbiBaTh HOPMaTUBHO-TEXHUYECKYIO JOKYMEHTALMIO, CBSI3aHHYIO C
rpoecCUOHAMLHON JesiTe/IbHOCThIO

IICK-5.1 — CniocobeH pa3pabaTbIBaTh U BbIMYCKaTh KOHCTPYKTOPCKYIO JOKYMEHTALIMIO Ha JIeTa/Id U
y371bl IBUTATE/eH, a Tak >Ke CPe/ICTBAa TeXHOJOTMUeCKOT0 OCHAIIleHHUs

T1CK-5.13 — CriocobeH NMpUMEHSITh CUCTEMbI aBTOMAaTH3UpOBaHHOTO TipoekTupoBanust (CAD) npu
pelieHNU 3a7ia4 MpodeCCUOHATBHOM [1esTeTbHOCTH

T1ICK-5.4/24 — CrniocobeH pa3pabarbiBath K/] Ha JeTamum, U3roTaB/idBaeMble 10 aiIUTHBHBIM
TeXHOJIOTUSIM, M3r0TaB/IMBATh UX U OLIeHHBaTh MT0Ka3are Iy KauecTBa JieTasiei, MoayyeHHbIX 10
aiIUTVBHBIM TEXHOJIOTUSIM

IICK-5.8 — CniocobeH NMpUMEeHsITh CUCTEMBI ABTOMAaTU3aLMK MHKeHepHbIX pacuéTor (CAE) mpu
pelieHNY 3a7a4 1Mpode CCHOHABHOM [IesiTe/TbHOCTH



3. CTPYKTYPA U COAEPXKAHUE JUCIIUII/INHBI

OO0111as TPY/I0EMKOCTh JUCITUTUTUHBI COCTaB/sieT 3 3.e., 108 u.

3.1. Copeprxanue (JUAAKTHKA) JHCLUATUTHHBI
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Paspen 1. Be IIpoG. THKA HCC BbICOKOTEeMIIepaTyPHBIX NPOLeCCoB.
5 9 OCHOBHbIe NPHHLMIBI MOAe/MpoBaHus. 1.1 BeeseHne. OcobeHHOCTH 7 2 2 0 5 10
BBICOKOTEMIIepaTyPHbIX MPOLIECCOB B 31eMeHTax zurareseii JIA. 1.2 OCHOBHble IPUHLIUIIBI U
MeTOoAbl MO e/IUPOBaHUs. MQTD,E[ KOHTPOJIBHOT'O obbema. PacueTHast ceTka.
Paspen 2. CranuoHapHas npo0siema. MeTop mostyueHus JUCKPeTHBIX aHAIOroB. 2.1
CraijioHapHasi OfHOMepHast TeIIONPOBOAHOCTb. [lomyueHre JUCKpeTHOro aHasora. 2.2
5 9 CranyoHapHas OZiHOMepHasi TeryIoNpoBOAHOCTb. ['pannuHble yc/ioBus. 2.3 MeTo/bl pellieHus 12 6 2 4 6 10
cucTeM anrebpanyeckux ypaBHeHUit. 2.4 JIByX- M TpexMepHasi CTaljiOHapHast
TeIVIONPOBOAHOCTb.
Paspen 3. HecranuonapHas npo6iema. Meroj mo/iydeH!s AUCKPETHBIX aHAIoroB. 3.1
5 9 HecranuonapHast ofHOMepHasi TeIUIONPOBOAHOCTb. OCHOBHBIE PacyeTHbIe CXeMBbL. 3.2 14 8 2 6 6 10
YcTOWUMBOCTB PacCyeTHBIX CXeM.
Paspen 4. K T nuddy p BemecTBa H 3Hepruu. 4.1 KoHsexuus u
mddy3us Kak seneHnst. O6o6ienHoe ArddepeHIMaIbHOe ypaBHeHHe KOHBEKTHBHO-
5 9 nuddysronHoro repeHoca. CtalMoHapHas OJHOMepHast KOHBeKLMs 1 Auddysus. 4.2 18 12 4 8 6 10
ITonyueHue UCKPETHOrO aHajora: pas/iMuHble pacueTHble cxeMbl. 4.3 [IByX- U TpeXMepHble
KOHBeKLWst ¥ Aucdysust. ['paHUUHbBIe YCITOBUSL.
Pa3paen 5. CoBMecTHOe ompe/ie/ieHHe MM0Jisi CKOPOCTel 1 AaByieHuH. 5.1 OcobeHHOCTH
5 9 COBMECTHOTO OTpe/ie/ieHus 1107151 CKOpOCTel U faBneHnid. CoBMelljeHHas Y [IaXMaTHasl CeTKH. 8 2 2 0 6 10
5.2 Anroputm SIMPLE. TIpoune 1oz06HbIe arOpuTMBbI.
Paspen 6. MojielupoBanye pa3/IMYHbIX (PU3HYECKHX IPOLECCOB B KaMepe CropaHust
5 9 I'TA. 6.1 MogenupoBanue TypbyseHTHOCTH. 6.2 MogenupoBatue AByxdasHbix cpes. 6.3. 9 4 4 0 5 20
MoyzenrpoBaHue TedeHU cMeceit ra3oB. TeueHHs: ¢ XUMUUYECKUMU PeAKLUSIMHU.
Paspen 7. CoBoKynHas 3ajaya Mojie/TMPOBAHHS TedeHHH C ropeHHeM B NOTOKe.
5 9 B3aumocssizu Mogesneit (1U3MUeCKUX MPOLIeCCOB, YUUTHIBAEMbIX IPU MO/Ie/TMPOBAHHUs TeUeHHUH 40 17 1 16 23 30
C rOpeHreM B IIOTOKe B Kamepe cropaxust I'T/I.
Bcero 3a 9 cemecTp 108 51 17 34 57 100
Bcero no gucuuninHe 108 51 17 34 57 100
3.2. AyATOPHBII NPaKTUKYM
Oo0nemMm,
No Homep u HaumeHOBaHMe
Tema MNPAKTHYECKOr'0 3aHATUA ayp.
n/n pa3jena JUCHMILIUHBI
gacoB
Pa3gen 2. CrarpioHapHast Perienvie 3a/1au CTaI[MOHAPHOM OTHOMEPHOM
1 HPO6J'IEMa. METO,EL ToJ/iy4yeHuda TeIIOIPOBOAHOCTH IPH PA3/IMUHBIX I'PAHUYHBIX YCIIOBUAX 4
AVWCKPETHBIX aHaJ/IOI'0OB. HUTepalfiOHHBIM MeTOZI0OM.
PelireHyie 3a/ja4 HeCTal{MOHAPHOH OJHOMePHOM
2 |Pa3gen 3. HecrarjpioHapHast A 5 P A PHO 3
TeIIOITPOBOAHOCTH C MCII0/Ib30BaHKWEM SAIBHOU CXEMBI.
npobiema. MeToz TIoyueHust B — —
3 JVICKPETHBIX aHaJIOrOB. ellIeHue 3a/ia4 HeCTallMOHapHOKW OAHOMEPHOU . 3
TEeIJIOIMPOBOAHOCTH C MCII0/Ib30BaHKEM HeSIBHOU CXEMBI.
Perienne 3aa4 CTEIL{HOHapHOfI OAHOMepHOﬁ KOHBEeKIIMU U
4 |Pa3pen 4. KOHBeKTUBHO- nrddy3nr ¢ UCTIOMb30BaHUEM CXeMBI C "T[eHTPaJTbHBIMU 4
M dy3u0HHBIH TIepeHoC PasHOCTSIMU .
5 BelleCTBa U SHepruu. Pelienne 3aa4 CTEIL{HOHapHOﬁ OAHOMepHOﬁ KOHBEeKIIMU U 4
mrddy3nn ¢ UCTIoMb30BaHUEM CXeMbI "'TTPOTHB TIOTOKA".
MO/:[EHI/IPOB(:IHI/IG TeueHus C TOpeHHEM B KaMepe CrOpaHUs
6 Manopa3mepHoro I'T/]. Beibop Mofeneli husnuecKux 2
MMpoLeCCOB Y pACUETHBIX CXEM.
MO/:[EHI/IPOB(:IHI/IG TeueHus C TOpeHHEM B KaMepe CrOPpAHUWs
7 |Pa3men 7. COBOKyTHas 3a/jaua 6
. masnopasmepHoro I'T/]. [TonyyeHye UnC/IEHHOTO pelleHus.
MOJe/IMPpOBaHusA TeUeHHHU C M
8 TOpeHHeM B MOTOKe. OAe/IMPpOBaHKUE Te€UEHWA C TODEHUEM B KaMepe CropaHusd 4
manopasmepHoro I'T/]. AHanu3 pe3y/ibTarosB.
MOAEJ'H/IPOBHHI/IE TeyeHHs C TOpeHreM B KaMepe CropaHuda
9 manopa3mepHoro I'T/]. Co3naHue pacueTHOU 006/1aCcTH 1 4
3da/iaHKWe T'PAHUYHBIX YCHOBHﬁ.
Bcero 3a 9 cemectp 34
6 24116




3.3. CamocrosTensHas padora crygenrta (CPC)

Ne Copepxanue yueoHoro |(Oonem,
Homep u HaumMeHOBaHMe pa3jiesa ANUCHHUILIMHbBI
n/n 3ajjaHusA JacoB
Pazgnen 1. Beezpenue. [TpobnemaTrika Ucciie0BaHUS
ITpopaboTka
1  |BbICOKOTEMMepaTypHbIX MpoLeccoB. OCHOBHbIE MPUHLIUIIBI 5
TeOpeTHYeCcKoro Marepuasnia
MO/le/TUpPOBaHMUS.
BrimonHeHue foMaiiHero
Pa3zen 2. CraimoHapHas ripobsiema. MeTo/; oy4eHHst
2 3a/jaHud ¥ oopMmieHre 6
[IVCKPEeTHBIX aHa/IOrOB.
oTyeTa
BrimonHeHue foMaiiHero
3 Paszen 3. HecrarronapHasi mpo6ieMa. MeToy TosTyueHust A Sy — 6
[VCKPETHBIX aHa/IOroB.
oTyeTa
Pa3men 4. KouBeKTUBHO-AU(D(OY3MOHHBIN ITEPEHOC BeIljeCTBa U Birio/Herye jomaero
4 A ’ A y p Hl 3a/laHus U opopmiieHue 6
SHEeprumu.
oTyeTa
5 Pasgen 5. CoBMecTHOe oripe/iesieHue T10JIs1 CKOPOCTel U ITpopaborka 6
JlaBJIeHUI. TeopeTHYeCcKoro Marepuasa
6 Pazpen 6. MogenrpoBaHue pa3nnyHbIX (pr3ndeckrx mpoueccos ([IpopaboTtka 5
B Kamepe cropanus I'T/]. TeopeTUYeCcKoro Marepuasa
7 ITpopaboTka 10
Pazpen 7. CoBokymnHasi 3ajjaua MOZie/IMPOBaHUs TeUeHUH C TeopeTUUeCcKoro Marepvasnia
8 TOpPeHHEM B MOTOKe. Odopmiienne oTyera 1o 13
MPaKTUUeCKOMY 3aHSITUIO
Bcero 3a 9 cemectp 57
4. ®OPMbI KOHTPOJII OCBOEHUSA TNCLUITIVINHBI
CEMECTP HEJAEJ/IN CEMECTPA
1/2(3/4| 5| 6 |7/8 9 |10 (11| 12 |13 |14 15 16 17
9 a3 | AP a3 | OP O3 Otu. no 113 AP | oud. 3au.
YcnoeHble 0603HaUEHUS:
o JIP — apiarHOCTHUeCKasi paboTa;
e 13 — foMalliHee 3a/laHUE;
¢ Otu. 1o I3 — oTueT 110 nNpakTUUeCKOMY 3a/,aHUIO;
e mud. 3au. — JudepeHIMPOBaHHbIN 3aueT.

TeKylHii KOHTPOJIb YCIIEBAEMOCTH CTY/[eHTOB TIPOBOJJUTCS B JUCKPETHBIE BpEMEHHbBIE UHTEPBAJIbI B
clefyroumx popmax:
e UAarHOCTUYeCKas pabora;
e JOMalllHee 3aJjaHue;
e OTUYeT 0 MPaKTUUECKOMY 3a/]aHHIO.

IIpomexyTouHas arTecTanus IIPOBOJUTCS B hopMax:
e muddepeHMPOBaHHBIN 3ayUeT.
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5. YYEBHO-METOJIMYECKOE 1 THO®OPMAIIMOHHOE OBECIIEUEHUE
TCIUATUIVHBI

5.1. OcHOBHas JiMTeparypa no JUCLUILIMHE:

1. A. U1. Mycreiikuc. . MogenrpoBaH#ue rporieccoB B kKamepe cropanust I'T/]. CI16.5T'TY "BOEHMEX"
uM. [1. @. YcruHoBa, 2017, 41 3k3.

2. A. . Mycretikuc, JI. I1. FOHakoB. . Uuc/ieHHOe pellieHue 3a/1au TeryionposogHocty. CI16. BT TY
"BOEHMEX" um. I. ®@. YctuHoga, 2018, 39 k3.

3. A. . Mycretikuc, JI. I1. FOHakoB. . Uuc/ieHHOe pellieHure 3a/1au KoHBeKIuH 1 auddysun. CI16.BI'TY
"BOEHMEX" um. 1. ®. YctuHoBa, 2017, 36 3K3.

5.2. [lorionHUTe/bHAs IUTepaTypa Mo AUCLUIIINHE:
He TpebyeTcsl.

5.3. [lepnogrueckue u3aHus:
He TpeOyroTCSl.

5.4. IlepeueHb peCcypcoB MHPOPMALIOHHO-TeIeKOMMYHUKALIMOHHOM ceTH "VIHTepHeT", He0OXOAUMBIX /IS
OCBOEHUS1 JUCLIMIUIMHEI, 3/IeKTPOHHBIE OMO/THOTeYHbIe CUCTEMBI:

1. http://e.lanbook.com/ — 3BC JlaHsp;

2. http://www.biblio-online.ru/ — O6pa3oBarensHas riarpopma FOpaiT. []7ist By30B 1 CCY30B.;

3. http://library.voenmeh.ru/jirbis2/ — ®yHnamenTansHas 6ubaroreka BI'TY «BOEHMEX» um. [.®.
YctrHOBa.

CoBpemeHHbIe TIpo¢eccHOHabHBIe 0a3bl JAHHBIX:

1. https://rusneb.ru — HairioHasibHast 3/1eKTpoHHast oubmoreka (HOB);

2. https://cyberleninka.ru/ - HayuHas s/ekTpoHHas 6ubmioreka « KubepieHHHKa»;
http:// www.rfbr.ru/rffi/ru/library - ITonmHoTeKcTOBast 31ekTpoHHas 6rbmoTeka Poccuiickoro doHza
(byHIaMeHTa/TbHBIX UCCIIe0BaHNH.

MHdopmaliioHHble CIIpaBOYHbIe CHCTEMBI:
1. Texakcriept — MHbOPMaLMOHHBIN TIOPTa/l TEXHUYECKOTO pery/iupoBaHust: HopMel, paBuia, CTaHAapThI
P®D;
2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - B/] 'OCTos
cobcteenHol reHepaii BI'TY "BOEHMEX" um. []. ®@. YCTHHOBa;
3. http://www.consultant.ru/- KoncynsraatlIntoc- nHGOpMaLMOHHBIN TOPTas MPABOBOI WHGOPMALUH.
5.5. IIporpaMMHOe 0becIieueHue:
1. Ansys Multiphysics 2019 Teaching Advanced.

5.6. I opmarioHHbIe TEXHOJIOTUH:

B3auMoygielicTBre ¢ obyuarouumucs nocpegcteom SMOC Moodle BT TY «k BOEHMEX» um. [.®. YcTuHOBA.



6. MATEPUAJ/IBHO-TEXHUYECKOE OBECIIEYEHUWE JUCITUII/INHBI

6.1. JleKijnoHHbIE 3aHATHSA:

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

6.2. IIpakTHyeckue 3aHATHA:

1. ITpoekTop;
2. Ansys Multiphysics 2019 Teaching Advanced.

6.3. Ilpouee:

1. pabouee MecTo rperiofaBaress, OCHaIleHHOe KOMITBIOTEPOM C JJOCTYNoM B VIHTepHerT;
2. pabourie MecTa CTYA€HTOB, OCHaIL|eHHbIe KOMITBEOTEPAMU C JOCTYTIOM B VIHTepHeT, npe/jHa3HaueHHbIe
I paboThI B 57IEKTPOHHOM 06pa3oBaTeNbHOU cpejie.



ITpunoxenue 1
K paboueli mporpaMme JUCIHTLTHHbBI
MOJE/IMPOBAHUE ITPOIJTECCOB B KAMEPE CI'OPAHUSA 'A30OTYPEUHHBIX JBUT'ATE/IEU

AnHoTanusa paboueii nporpaMMsl

Jucuuniza MOJE/INPOBAHUE ITPOIIECCOB B KAMEPE CI'OPAHUA
TA30TYPBEVHHBIX JBUTATEJIEM sBaseTcs AUCLUAIIMHON o6A3aTe bHOM yacTH 610Ka 1 mporpaMMbl
MOATOTOBKK 10 Harpaenenuio 24.05.02 IIpoekmupoeaHue deUAUUOHHbIX U paxkemHbiX Ogueamesnell.
MucuurnvHa peanu3syeTcs Ha Qakynbrete A PaketHO-KocMuueckodt Texanku BI'TY "BOEHMEX" um. [1.®.
Ycrunosa kadenpoit A8 [IBUTATE/IU 1 DHEPT'OYCTAHOBKMU JIETATEJIEHBIX ATITTAPATOB.

JucrunivHa HatjesieHa Ha hopMHpOBaHHe KoMhemeHYuli:
IICK-5.8 cr1ioco6HOCTh MPUMEHSITh CUCT€MbI aBTOMAaTH3aliH HH)KeHepHbIx pacuétoB (CAE) mpu pelieHUH
3a7a4 1poeCcCUOHATBHOM [IesTe/TbHOCTH.

Cojep>kaHrie AUCHUTIIMHBI OXBaTHIBAET KPYT BOMPOCOB, CB3aHHBIX C METO/AMU U CITIOCOO0aMU MO/Ie/TAPOBaHMUS
MPOIIECCOB B 3/7IeMeHTaX Ta30TYpOWHHBIX [BUraTesiell, B UaCTHOCTH, B KaMepe CropaHuis. Y4eOHBIM Kypc
TpejriosaraeT yCBOEHWE TEePMHUHOJIOTHUH, W3yUeHWs METO/IOB TIOCTPOEHMsSI MaTeMaTUdeCcKuX Mofened u
WCI10/1b30BaHMU YUCEHHBIX MeTO0B U1 OBM 1pu MozieTMpoBaHUMU.

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

TeKyuil KOHTPO/Ib YCIIEBAEMOCTH CTY/[€HTOB TIPOBOJUTCS B JUCKPETHbIE BpeMeHHbIe NHTEPBAJIBI B
cnenyromumx dhopMax:
e UWArHOCTUYECKas paboTa;
e JOMaIllHee 3a/laHue;
¢ OTYET MO MPAKTUUECKOMY 3a/IaHHIO.

ITpomexxyTouHasi aTTecTawys MPOBOAUTCS B (hopmax:
o nmuddepeHI[POBAHHBIN 3aUeT.

OO01jas TPyI0EMKOCTh OCBOEHHSI AUCLUIUIMHBI cocTaBiasgeT 3 3.e., 108 u. TIporpamMMoM AWCIUITHHBI
MpeJyCMOTPEHbI JIeKIIMOHHBIE 3aHATHS (17 u.), mpakTuueckue 3aHsaTHs (34 4.), camocTosiTesbHas paboTa
crygenra (57 a).
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IIpunoxenue 2

K paboueli mporpaMme JUCIATUTHHbBI
MOJE/IMPOBAHUE ITPOIJTECCOB B KAMEPE CI'OPAHUSA 'A30TYPEUHHBIX IBUT'ATE/IEU

TEXHOJ/IOI'U 1 ®OPMbI OBYUYEHUA

PekoMeH/Jaliiy 110 0CBOEHHIO JUCHUILTHHBI /I CTyAeHTa

TpynoeMKOCTb OCBOEHMS JUCLMITIMHEI cocTaBageT 108 4., u3 HUX 51 4. ayJUTOPHBIX 3aHATHM, U 57 4.,
OTBe/|eHHbIX Ha CaMOCTOSITe/IbHYI0 paboTy CTyZeHTa.

PekoMeHzIalIK  TI0  pacripe/ie/ieHHI0  yueOHOTO BpeMeHU M0 BHJ]AM CAMOCTOSITE/TbHOM paboThl M
pasjeniam JVCIUI/IMHLI TIPUBE/IeHbI B TabTHIIE.

KoHTponb 0CBOeHUMs! AWUCLMIUVIMHBI IIPOM3BOAWUTCS B COOTBeTCTBUM C IlonokeHHMeM O TeKylleM,
py6eKHOM KOHTPOJIe YCIIeBaeMOCTH U TIPOMEKYTOUHOM aTTecTariiy 00yJarouxcsl.

®opMBbl KOHTPOJISI M KPUTEPUH OLIeHUBAHUs TIPYBe/ieHbl B TPUIOKeHHH 3 K Paboueii mporpamme.

HaumeHoBaHue padoThI PexomeHjyemas 1uTeparypa prm:{?éKOCTb’
Pazpen 1. Beegenue. Ilpob6iemaTika ucc/ieoBaHus BBICOKOTEMIIEPAaTyPHBIX NporeccoB. OCHOBHbIE
NPUHIUIBI MOAE/TUPOBAHUS.

ITpopaboTka A. U. Mycreiikuc, J1. T1. FOHakoB. . Unc/ieHHOe pellieHue 3a/jau
TeOpeTUYeCKOro terionpoBogHocty: CIT6.BI'TY "BOEHMEX" um. 1. @. 5
Marepuasa Ycrunosa, 2018 (1)

Wroro no pasgeny 1 5

Paspen 2. CtanuonapHas npo6iema. MeToj mosiydeHusl JUCKPETHBIX aHAIOTOB.

BeinonHenue gomaiuHero | A. . Mycreiikuc, JI. I1. FOHakoB. . Unc/ieHHOe pellieHye 3a/jau
3a/1aHus U opopmiieHre terioripoBogHocty: CII6.BT'TY "BOEHMEX" um. []. ®. 6
oTyeTa YctuHoBa, 2018 (2-3)

Wroro no pasgeny 2 6

Pazpen 3. HecrannonapHas npo6siema. MeTto/ mo/iy4eHHsi JUCKPETHBIX aHAIOTOB.

BrinonHenue gomaitHero | A. U. Mycreiikuc, J1. I1. FOHakoB. . Unc/ieHHOe pellieHue 3a/jau
3a/laHus U opopmiieHre terionipoBogHocty: CIT0.BI'TY "BOEHMEX" um. /1. @. 6
oTyeTa YctuHoBa, 2018 (4)

Wroro no pa3geny 3 6

Pazgen 4. KonBekTHBHO-11(py3HOHHBIN NEPEHOC BelecTBa U S Heprum.

BerimosiHenue gomaiiHero | A. Y. Mycreiikuc, J1. I1. FOHakoB. . Unc/ieHHOe pellieHye 3a/jau
3a/iaHus 1 ohopmiieHre KoHBeKIWY U auddy3un: CI16.5TTY "BOEHMEX" um. /1. ®. 6
oTyeTa YcrtuHoBa, 2017 (1-2)

Wroro mo pazgeny 4 6

Pa3pen 5. CoBMecTHOe onpe/ie/ieHNe MoJisi CKOPOCTei U AaB/IeHUH.

ITpopabotka A. . Mycrelikuc, JI. I1. FOHakoB. . Unc/ieHHOe pellleHHe 3a7ia4
TeopeTUYeCcKoro KoHBeKIMU U auddysuu: CI16.5TTY "BOEHMEX" um. /1. ®. 6
Marepuasna YctuHoBa, 2017 (3-4)

Wrtoro no pasgeny 5 6

Pa3pen 6. MopenupoBaHue pa3InyHbIX (pr3nyecKUx npoueccoB B Kamepe cropanusi I'T/I.

ITpopaboTka A. . Mycreiikuc. . MopenupoBaHue Npo1ieCcCoB B Kamepe
TeOpeTUYeCcKoro cropanus I'TA: CIT16.BT'TY "BOEHMEX" um. [I. ®. YcTHHOBS, 5
Marepuasa 2017 (1)

Uroro no pa3peny 6 5

Pazpen 7. CoBoKynHas 3a/jaua Mo/ie/IMPOBaHMs TeueHHU C TOpeHNeM B IOTOKe.

ITpopaboTka
TeOpPeTHU4eCKOro A. . Mycrelikuc. . MozenupoBaHue NpoLeccoB B Kamepe 10
Marepuasna cropanusi I'T/: CII6.BT'TY "BOEHMEX" um. []. ®. YcTHHOBa,
OdopmieHHe OTYeTa 110 2017 (3-4) 13
MPaKTUYeCKOMY 3aHSITUIO

Wroro no pasgeny 7 23
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IIpunoxenue 3
K paboueli mporpaMme JUCIHTTHHbBI
MOJE/IMPOBAHME ITPOILIECCOB B KAMEPE CI'OPAHUSI TABOTYPEMHHBIX JBUTATE/TIEN

®OH/J] OODEHOYHBIX CPECTB

®DoH/| O1[eHOYHBIX CPe/CTB, MO3BOJISIONIHE OL[eHUThL Pe3y/IbTaThl 06yUeHH s 10 JaHHOM AUCIUITINHE, BKIFOUYAIOT
B ce0s:

e UarHocTUYecKas paborta

*  OTUYET I10 MPaKTUUECKOMY 3aZIaHUIO;
e JOMalllHee 3a/]aHue;

e muddepeHITMPOBAHHLIN 3aUeT.

Kputepuu oneHuBaHus

Juarnocruyeckas pabora
[uarHocTtrueckast pabora mpoBogutcs B popme Tecta B SNOC Moodle:

e IIpU NIPaBUJILHOM OTBeTe MeHee yeM Ha 60% BOIPOCOB - He aTTeCTallys;
¢ TIpU MpaBWIBHOM OTBeTe Ha 60% BOTIPOCOB U OoJiee - aTTecTarysl.

OT4eT N0 NpakKTUYeCKOMY 3aaHUI0
ITpuem otueTa NpoxofuT B hopMe [J0K/Ia/a CTYZ,eHTa U OTBETOB Ha BOIPOCHI IperiofjaBare/is.
Kputepun olLleHUMBaHMA: OTUET CYATAETCS NPUHATHIM IIPY TIOTyYeHUN He MeHee /IByX NPaBU/IbHBIX OTBETOB.
3a yCIIelIHy0 3alUTy OTYeTa CTyAeHTy HauucsseTcss 20 6anios.
[TepeueHs BONpoCOB BXOAWT B cocTtaB Y MK [UCLIAN/IMHEL
Otuet nogieXxuT 1opaboTKe B ciyyae:
— OTCYTCTBUSI HEOOXOAWMBIX Pa3/esioB;
— OTCYTCTBHsI HeOOX0AUMOro rpadrueckoro Mareprana;
— HEKOPPEKTHOW 00pabOTKH pe3y/ibTaToB;
— HM3KOe KayeCTBO rpadriyeckoro Mareprana.
I[TepeueHb 3a/1aHMi U 1a0I0H OTUeTa BXOAUT B cOCTaB Y MK AMCIUIUIUHEL

JomalHee 3ajaHue
OTueT 1Mo JOMAaITHeMY 3a/JaHUIO TIPe/ICTAB/ISIETCS B JEKTPOHHOM BH/le B JopMaTe, TIPeAyCMOTPEHHOM
111ab/I0HOM OTYeTa.
[TpueM oTueTa NpoxouT B (hopMe MPOBEPKU OTUETa IperojaBaresieM Ha IpeJMeT COOTBETCTBUS C/IelyHOIUM
KpUTEPUSIM:
- BEPHOe 3aflaHue CUCTeMbI ypaBHeHuH — 4 6ana;
- BEPHOE OTIpeZiesieHre KOHEeYHOTo pe3ysbTara — 3 baa;
- ohopmieHHe 3aJjaHuSI B COOTBETCTBUH C 11a6/I0HOM oTueTa — 3 Oasia.
3a kaxxgoe 3agaHue He 6ojee 10 6amios.
[TepeueHs 3aaHMi ¥ 1a0/I0H OTYeTa BXOAUT B cocTaB Y MK AMCLIUMIMHEL

JuddepennupoBanHbIii 3aueT

I dhepeHIMPOBaHHbIN 3aUET BBHICTAB/ISIETCS M0 KOIMUeCTBY 6asiioB, 3apaboTaHHBIMU 00YyUarOIIUMCS B
TeueHUH ceMecTpa. CyMMapHbI 6asl BBICTAB/SETCS TI0 pe3y/ibTaTaM HalMCaHUs UarHOCTUUeCKUX pabor,
MOCEIaeMOCTH ayIUTOPHBIX 3aHATHM 1 0a//IOB 3a BLITIOJIHEHWE JOMAIIIHUX 3a[laHUi U PAKTUYECKOTO
3aJaHuUs.
Kputepuu ouieHBaHUSA:
MeHee 51 Oasiia - He 3aUTeHO;
51 - 74 6anna - 3a4TeHO-y/I0BIE€TBOPUTEITHHO;
75 - 84 6Gasa - 3aUTeHO-XOPOIIIO;
85 u 6osee 6A/IIOB - 3aUTEHO-OT/IMUHO.
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Pa3pen 1. BBepenue.
IIpo6ieMaTHKa MCC/Ie[OBAHUA Otuert 1o
5 9 |BBICOKOTEMIIepaTypHBIX 7 2 2 0 5 10 TpaKTUYe CKOMY
npoueccoB. OCHOBHbIE IPUHIUNBI 3a/JaHUI0
Mo/ e/IMpPOBaHuA.
Pazpgen 2. CtanuoHapHas Tomammee
5 9 |mpo6siema. MeToj, mo/1iyueHust 12 6 2 4 6 10
3a/laHue
JUCKPETHBIX aHAJIOT0B.
Pazpgen 3. HecraumonapHas Tomammee
5 9 |mpo6siema. MeToj, mo/1yueHust 14 8 2 6 6 10
3a/jaHue
JUCKPETHBIX aHA/IOr0B.
Paspen 4. KoHBeKTHBHO- Tomanmee
5 9 |auddy3uoHHbBIN MepeHOC 18 | 12 4 8 6 10
3a/jaHue
BelllecTBa ¥ JHepPrum.
Paspgen 5. CoBmecTHOE OrTueT 110
5 9 |ompepesieHHe MOJIA CKOPOCTEH U 8 2 2 0 6 10  |DpakTHYeckoMy
JaB/ICeHHH. 3a/IaHUFO
T
5 9 P 9 4 4 0 5 20  |mpakTH4ecKoMmy
NPOLeCCOB B KaMepe CropaHus Sa/IAHIIO
T'T], A
Pazgen 7. CoBoKynHas 3ajaua OrTueT 110
5 9 |MopenupoBaHMs TeUEHH C 40 | 17 1 16 23 30  |mpakTHYecKoMmy
ropeHueM B IOTOKe. 3a/laHUI0
Bcero 3a 9 cemecTp 108 | 51 | 17 34 57 100
Bcero no gucuniuHe 108 | 51 | 17 34 57 100
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Kputepuu oneHuBaHus

IICK-5.8

Ne 1

Ne 2

Ne 3

Ne 6

Ne 7

Ne 8

Ne 9

Ne 10

Ne 1

Bonpocbl omKkpbimozo muna:

ITpuBesuTe IpUMepbI ceTKONOCTpouTesel, Bxogsamux B coctaB ANSYS Workbench B
BU/Ie OTZebHBIX MOZY/el. 3anuInTe pa3BépHYThI 000CHOBAHHBIA OTBET.

HasoBuTe 0CHOBHBIE BH/bl TeOMETPUYECKUX 3IEMEHTOB /I/Is1 pACUeTHOM CeTKU
JByXMepDHOH 3a/iauul. 3anuIuuTe pa3BEépHYTHI 000CHOBAHHBINA OTBET.

Kaxoi1l reomMeTpryuecKuii 31eMeHT CeflyeT 110 BO3MOKHOCTH HCII0/Ib30BaTh [/1s1 CO3/laHUs
pacueTHOM CETKH TpeXMepHOM 3a/jaur. BeibeprTe paBUIbHBIN OTBET U 3aITULLIKTE
apryMeHThbl, 000CHOBBIBAIOLIIME BEIOOP OTBETA.

¢ Tlapannenenunes (Ky6)
e Tetpasap

e ITupamuga

¢ [lpusma

e MHororpaHHuK

Ha3zoBuTe 0CHOBHBIE HEZJOCTATKM reoMeTprr Kamepsbl cropanusi ['T]I ¢ Touku 3peHust
CO3/IaHUS pacyeTHOH 06/1aCTH /111 MOZIeTMPOBAHMUS. 3alUIIIUTe Pa3BEPHYTHIN
000CHOBaHHBIH OTBET.

Ha30BuTe 0CHOBHBIE TIPOLIECCHI, TPeOYIOIHe yUueTa MpU MO/IeTMPOBAHUY TOPEHUS B
kamepe cropanus ['T/] mozpensio Eddy Dissipation (Mogesns pacriajia Buxpsi). Beibepute
TIPaBU/IBHBIE OTBETHI 1 3aTMIIUTE apryMeHThI, 000CHOBBIBAOII[HE BEIOOD OTBETA.

e TypOyneHTHOe [BIKEHHe Ta3a.
e TpaHCHOPT KOMIIOHEHT.

¢ Pacrbu >XUAKOCTH.

¢ [IBr>KeHue Karie/b TOTI/IMBA.

HazoBuTe criocob 6osiee TOYHOTO yyeTa TeueHHs BOIM3U 37IEMEHTOB Majioro pa3Mepa
TIPY CO3/IaHUM PACUETHOU CETKU. 3alUIliTe Pa3BEPHYThIM 000CHOBAHHbBIN OTBET.

Kakoti T ceTKu 1M03B0JIsieT, KaK MPaBUI0, YMEHbBILUTh IMPOAOIKUTETLHOCTE pacueTa U
HeoOX0oMMbIH 00bEM OTlepaTHBHOM MaMsTH. BribeprTe MpaBU/IbHBIN OTBET M 3allHIINTe
apryMeHTbl, 000CHOBBIBAIOLIIME BEIOOP OTBETA.

e CTPYKTypUpOBaHHasi
* HECTPYKTypHUPOBaHHasi

[NepeunicnvTe BO3MOKHBIE MOZie/H ABYX(ha3HOTO TeueHUsl, KOTOPbIe MO3BOJISFOT
MOZIe/TMPOBATh PaCITbLI KUJKOCTHOU 1jeHTpobexkHo GopcyHky B ['T/I. Beibepure
IIPaBU/IbHBIN OTBET U 3alUILINTe apryMeHThbl, 000CHOBBIBAOLIME BEIOOD OTBETA.

e Mogens nenTpobexHoit popcyHku (DPM)
¢ Mogens VOF to DPM
e Mogens VOF

B KakoMm csiy4ae 3HaueHHe 3aBUCHUMOM ITepeMeHHOM Ha rpaHy KOHTPOJIbHOTO 00beMa B
pacueTHOM cxeMe "TIPOTHB MOTOKA" MOXKET OBITh CBI3aHO CO 3HAUEHUEM MePeMeHHOM B
paCueTHOM y3J/ie IAaHHOTO KOHTPOJILHOTO 00beMa? 3aruiinTe pa3BEépHYThINA
000CHOBaHHBIM OTBET.

OT Yero 3aBUCHT 3HaueHHe NepeMeHHON B PACUeTHOM y3/ie Ha TeKYIIeM Iuare 1o
BpeMeHH B «HesiBHOW» (implicit) cxeme HecTaloHapHOU 3a/jaun? 3anuIiure
Pa3BEPHYTHIN 000CHOBAHHbBIN OTBET.

Bonpocbl 3akpblimozo muna:

YcTaHOBUTE COOTBETCTBHE THIIA JAHHBIX U pa3peliienus (aiiia ass
pewatens ANSYS FLUENT:

A — ¢atin pacuetHoit cetku 1 - .dat
b — ¢aiin Hactpoek peratess 2 - .msh
B — daiin pesynsraToB 3-.cas
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Ne 3

No 4

Ne 5

Ne 6

4 - 1ib

Kakoe pa3periienre umeeT daiin, cogepskamiuii UHOOPMAIIUO 0 3HAUEHUSIX 3aBUCUMBIX
MepeMeHHbBIX B KaXKIOM pacuéToM y3ie, i pemiaresis ANSYS FLUENT. Bribepute
OJIVH U3 C/IeAYIOIMUX BADUAHTOB:

e .dat
e .msh
e .cas
o lib

Kak Ha3biBaeTCst MeTO/, /151 TIOyUeHUs AUCKPeTHOTOo aHasora AuddepeHiiuaabHOro
ypaBHeHUsi, 0CHOBaHHBIM Ha UCII0/Ib30BaHUN (PM3HUUeCKUX 3aKOHOB COXPaHEeHUs JJist
HEKOTOpOoro o6beMa MpOoCTPaHCTBa? BriOepuTe O/[UH U3 CIeYIOIIUX BapUAHTOB:

» BapwualiMoHHbII MeTop,

¢ Mertog B3BeIlIeHHBIX HEBS30K
e MeTo[ KOHTPO/ILHOIO 00beMa
e Meto/ IPOrOHKH

YCcTaHOBHUTE COOTBETCTBHE CXEMEI PacCIiojIoKeHHs paCYe€THOT'O y3/ida U Ha3BaHUA IO aJid
UHC/IEHHOI'0 MO e/TMPOBAHMSA IIPOLIECCOB, MCIIO/JIb3YIOLIEro TaKou noaxon:

A -

O—O—1T-0—=0

1 - ANSYS FLUENT

O—C—O——0
O—0O0——0—0
b -

2 - ANSYS CFX

P
L
'
-
e
[ L
'
A

O—0O—C0O—0
O—0O0——C0—0

B kakom ciiyyae Heo6X0MMO POBOAUTE MacITabMpoBaHUe PacueTHOW 00/1acTH?
Bribepute ofuH 13 c/ieyIOLIUX BapUaHTOB:

¢ Co3paHue pacyeTHON CETKH.

¢ lImMmnopTupoBaHMe pacyeTHOW CeTKH, CO3JaHHOW B CTODOHHEM CETKOTIOCTPOUTEJIE.
¢ lIMnopTUpOBaHMe pacueTHOI ceTKH, co3faHHoi B ANSYS Workbench

YcraHoBUTe TIOC/IE/JOBAaTE/IEHOCTD AeHCTBHM, BBITIO/IHSIEMBIX TTPU MO/ e/TUPOBaHUN
TPOL[eCCOB METO/IaMH BBIUUC/TUTETbHOM TUIPOANHAMUKHY:

A — co3aanue pacueTHOM 061acTh

b — HaHeceHMe pacueTHON CETKU
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Ne 7

Ne 8

Ne 9

Ne 10

B — npoBezieHe MOzieNIpOBAHUS B peliaTerie
I' — o11eHKa CXOAUMOCTHU pelleHuUs
[l — UMIopTrpoBaHye pacueTHOM CETKU B pellaresb U 33/laHue yC/I0BUM 3a/jauu

E — aHanm3 pe3y/bTaToB B IMOCTIIPOLIECCOPE

B kakux rporpaMMHBIX KOMIIIEKCaX MOYKHO TIPOBO/AUTE UHC/IEHHOE MOJieJTUpOBaH1e
TPOL[ECCOB B TBEPZAOTENBHBIX IeMeHTaX, CO3/JaHHBIX B CTPYKTYPe 3TUX KOMILJIEKCOB?
BribepuTe HeCKOMBKO BADHAHTOB:

¢ Siemens NX
e Solid Works
e ANSYS Workbench

Kakoti u3 npuBe/IeHHBIX MaKeTOB IPOTPAMM /IJIsl UNC/IEHHOTO MO/Ie/TMPOBaHUS
TIPOLIeCCOB UMeeT camMylo O0IIMpHY0 6a3y Mozesiel ¥ caMble IIUPOKKUEe BO3MOXXHOCTH
TI0 HACTPOWKe Mojiesieil? BeibeprTe OfUH U3 C/IEYIOLINX BapUAHTOB:

e ANSYS FLUENT

e FloEFD

e Solid Works Flow Simulation
e ANSYS CFX

e NX CAE

Kakue u3 MpUBEJEHHBIX PE3Y/IbTAaTOB [JId KAMePhbI CTOPaHUSA r T,H HeJIb34 MOJIYyUUTh C
TMOMOIIBIO MeTOA40B BBIUKC/IUTEILHOM T I/I,ELPOAI/IHEIMI/IKI/I? Bbl6ep1/1're O[WH M3 CjieJyHoLnX
BAPUAHTOB:

o PacnipenienieHne TeMriepaTypbl CTEHKH >KapOBOM TPyObI

o PacnipeneneHue CKOpPOCTH MOTOKA B Kamepe

¢ Pacripeie/ieHre KOHLIEHTPAI[UU BPEIHLIX BHIOPOCOB ITPU TOPEHUM
o JlecdopMariyist CTEHKH »KapOBOH TPyObl

YcTaHOBUTE COOTBETCTBHE KAaUeCTBA PACUETHOM CETKU U BeJIMUUHBI CKOIIIEHHOCTU
(Skewness) ee 371eMeHTOB:

A — OT1nuyHoe 1-0-0,25
b — Xopoiiiee 2-0,95-0,97
B — ITnoxoe 3-0,5-0,8

I' — BeipoxxgenHas cetka 4 — 0,98 — 1,0
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