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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:

IICK-1.10 — Bnageetr CAE cucrtemoii Ha ypoBHe, HEOOXOJUMOM /|7l BBITIOIHEHUS paboT 110 TIPOGUITIO

DOopMHUPOBaHUIO KOMITETEHLIUI CITY)KUT AOCTIKEHHUE CJIeyIOLIUX pe3y/ibTaToB 06pa3oBaHus:
IICK-1.10

3HAHUS:

TeopeTHyeckueé OCHOBBI Pa3HOCTHOTO MO/IEJIMPOBaHMA; 3HaHHE (GU3UUECKUX OCODEeHHOCTekl
MO/Ie/TMPyeMBbIX MPOLieCCOB; 3HaHUe MPUHIMIIOB MMOCTPOEHUs KOHEUHO-3/IeMEHTHBIX U CeTOUHBIX MOJesield;

YMeHusl:

YMmeeT TpaHciupoBarh fAaHHble Mexay CAD u CAE cucremamu; YmpapiieHHe IapameTpu3aiiveit
00bekTOB; IToaroToBKa rpaduueckoro Marepuana s opopmienus KII; Hamo)keHue rpaHWYHBIX YCIOBW;
3aziaHve apaMeTpOB CpeJibl /151 IPOBe/leHUs pacueTa; 3anyck pacyéta; OCTaHOBKA pacuéTa;

HABbIKU:

HaBbiku TpaHCsmu JaHHbIX 13/B pasHbie CAE cucrembl; AHanu3 pesynbTatoB pacueta; Obpaborka
pe3y/bTaToB pacuéTa.



2. MECTO ANCIIMIIVIMHBI B CTPYKTYPE OOII BO

Juctuninaa MOJAE/IMPOBAHUE ITPOINECCOB B KAMEPE CI'OPAHUA

TA30TYPEUHHBIX JIBUTATEJIEM sBnsieTcs ZUCIUAMIMHON YacTH, popMHpyeMoii y4acTHHKAMH
o0pa3oBare/IbHBIX OTHOIIEHUH 0/10Ka 1, MporpamMmbl IOATOTOBKY 110 HarpaeieHuro 24.05.02
IMpoekmuposaHue aguayuoHHbIX U pakemHbIX 0guzamesneli.

CogepxaHve IUCLUIVIVHBI fBJsgeTCs JiorndeckuMm npopopkenrem aucouruime: MTHIXKEHEPHASA U

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

CopepXaHue [UCLUIUIMHBL SIBsieTCsl OCHOBOM s ocBoeHusi gucuumuiH: IIOATOTOBKA K

TMPOIIETYPE 3AIIUTEHI U 3AIIUTA BBIITY CKHON KBAJTU®UKAIIIOHHON PABOTHIL.

[TpesBapuTebHBLIE KOMITETEHI[H, COPMHUPOBAHHBIE Y 00yUarOIIErocs /10 Hauasia U3yueHus TUCLIATUTAHBL:

OIIK-3 — CriocobeH pa3pabaTbiBaTh HOPMaTUBHO-TEXHUYECKYO JOKYMEHTALMIO, CBSI3aHHYIO C
rpodeccoHaNBHON JesiTe/IbHOCThIO

IICK-1.1 — CriocobeH pa3pabaTbiBaTb KOHCTPYKTOPCKYIO JJOKYMEHTAIAIO Ha JeTald U y3/Ibl
JIBUraTesiell U CTeHI0BOTO 000PYOBAHUS

[ICK-1.10 — Bnageer CAE cuctemoii Ha ypoBHe, He0OXOAMMOM [/1s1 BBITIOTHEHHs paboT 10 podusio
IICK-1.11 — Byiageetr CAM cucTeMoii Ha ypoBHe, He0OXOAUMOM /1J1s1 BBITIOJTHEHUsT PabOT 10 IPOQUITIO
ITICK-1.6 — CniocobeH pa3pabarsiBath K/ Ha JeTamu, U3roTaB/IMBaeMbIE 110 a[IUTUBHBIM TEXHOIOTHSIM,
W3roTaB/IMBaTh UX U OL|eHUBATh IT0Ka3aTeu KauecTBa JleTaseld, MoyueHHbIX 10 afJuTUBHBIM
TeXHOJIOTUSM



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. Beeenne. ITpoGieMaTnKa HCC/IeJ0BaHNA BBICOKOTEMIIEPATyPHBIX MPOLIECCOB.
4 8 OcHOBHbIe IPHHLUNBI MoAeMpoBaHus. 1.1 Beesenue. OcobeHHOCTH 7 P 2 0 5 10
BBICOKOTEMITePATyPHBIX TIPOLIECCOB B 37eMeHTax ABuraresneii JIA. 1.2 OCHOBHbIe NPUHLIMIIEI U
MeTO/bl MOJIe/IMPOBaHHUsl. MeTo KOHTPO/bHOro 06beMa. PacueTHast ceTka.
Paszpen 2. CranuoHapHas npoosiema. MeToj nosfyyeHHs JUCKPeTHBIX aHA/IoroB. 2.1
CralpoHapHasi OJHOMepHasi TeruIoNpoBOAHOCTb. [To/y4yeHre JUCKpeTHOro aHasora. 2.2
4 8 CranyoHapHas OJJHOMepHasi Ter/IoNpoBOAHOCTb. ['paHnuHbIe yC/10BuUs. 2.3 MeTo/bl pellieHus 12 6 2 4 6 10
cucreM anrebpanyeckux ypaBHeHuil. 2.4 JIByx- ¥ TpexMepHasi CTallliOHapHast
TEIUIONPOBOAHOCTb.
Pa3pen 3. HecranuonapHas npo6i1ema. MeTop no/iydeHusi AMCKPeTHBIX aHA/IoroB. 3.1
4 8 HecrauyoHapHast ofHOMepHasi TeIUIONPOBOAHOCTb. OCHOBHBIE pacyeTHbIe CXeMBbl. 3.2 14 8 2 6 6 10
YCTOWUMBOCTb PACYETHBIX CXEM.
Pazpen 4. K T -y p BeliecTBa ¥ 3Hepru. 4.1 Konsekiys u
nnddysus Kak senenus. O6o6meHHoe uddepeHiaTbHOe ypaBHeHHe KOHBEKTUBHO-
4 8 nuddysroHHoro nepenoca. CralMoHapHast OAHOMepHast KOHBeKLs U Auddy3sus. 4.2 18 12 4 8 6 10
IMonyueHne AUCKPETHOTO aHAJIOTA: Pa3/NYHbIe PaCyeTHbIe CXeMbl. 4.3 [IByX- 1 TpexMepHble
KOHBeKLs M Au¢dy3ust. [ paHUUHBIE YCTIOBUSL.
Pa3paen 5. CoBMecTHOe ompe/ie/ieHHe M0Jisi CKOPocTel 1 AaByieHui. 5.1 OcobeHHOCTH
4 8 COBMECTHOTO OTIpe/ie/IeHHs MOJIst CKOPOCTeH U faByieHnid. COBMellleHHas M ILIaxMaTHasi CeTKH. 8 2 2 0 6 10
5.2 Asropurm SIMPLE. TIpoune noj06HbIe airopuTMbl.
Paspen 6. MojeupoBaHHe pa3/TMYHbIX (PU3HYECKHX NPOLIECCOB B KaMepe CropaHus
4 8 I'TA. 6.1 MogenupoBanue TypbyneHTHOCTH. 6.2 MogenupoBanue AByxdasHbix cpep. 6.3. 9 4 4 0 5 20
MogempoBaHue TeueHni cMeceii ra3oB. TeueHus: ¢ XMMUUECKHMHU PeakLiUsIMU.
Pa3pen 7. CoBoKymnHas 3a/jaua Moj{e/IMPOBaHUsI TeUeHHUH C TOpeHHeM B MOTOKe.
4 8 B3aumocssi3u Mogeneii GU3HUeCKHX MPOLIeCCOB, YUNTHIBAEMbBIX TP MO/IE/TMPOBAHHS TeUeHHH 40 17 1 16 23 30
C rOpeHreM B TOTOKe B Kamepe cropanus ['T/I.
Bcero 3a 8 cemecTp 108 51 17 34 57 100
Bcero no gucuuninHe 108 51 17 34 57 100
3.2. AyANTOPHBIA MPAKTHKYM
Oo0neMm,
Ne Homep 1 HauMeHOBaHHe
Tema MNPAKTHYECKOI'0 3dHATUA dayA.
n/n pPa3aesia JUCHUILIMHBI
qacoB
Paszpen 2. CrauponapHas Pemienue 3as1au cTaluOHApHOW OHOMEPHOU
1 HpO6HeMa. METO,EL noJsiyuyeHus TETJIOMPOBOAHOCTHU IPU PA3/IMYHBIX T'PAHUYHBIX YC/IOBUAX 4
AUCKPETHBIX dHAJIOTOB. HUTEepalfMOHHbBIM METOZ0OM.
PemieHue 3a/iau HeCTaLMOHAPHOM OAHOMEPHOM
2 |Pa3zmen 3. HecrarjoHapHast A H P A PHO 3
TETJIOMMPOBOAHOCTHU C UCITO/Ib30BAHUEM SIBHOU CXEMBI.
npobiemMa. MeToz IOy YeHust b - -
3 JVICKPETHBIX aHaJIOroB. eleHue 3a/iad HeCTallMOHapHOM OJHOMEPHOU . 3
TerIOIIpOBOAHOCTH C UCII0/Ib30BaAHWEM HEABHOU CXEMBI.

4 Pertenuie 3a/1au CTal[MOHapHOUW O[HOMEPHOUW KOHBEKIIUU U 4
Paszien 4. KoHBeKTHBHO- AA(Gdy31 C UCTI0/Ib30BaHMEM CXeMbl "TIDOTHB MOTOKA''.
An(y3MOHHBIN ITepeHoC Perienuie 3a/1au cTal[MOHapHOM OTHOMEPHOUM KOHBEKIIUU U

5 |BelecTBa U S3HePruu. mddysun C UCIIoIb30BaHUEM CXeMbl C "LieHTpalbHbIMU 4

pasHocTamu'.
MO,Z[EJTI/IPOBaHI/Ie TeueHHus C TOpeHHEM B KaMepe CrOpaHUs

6 mManopa3mepHoro I'T/. Co3maHue pacueTHOM 06/1aCTH U 4

3aJlaHhe TPAHUYHBIX YC]'[OBI/If/’I.
MO,Z[EHI/IPOBEIHI/IQ TeueHHs C TOpDEeHHEM B KaMepe CrOpaHUWs
Pazpen 7. CoBokymnHas 3azaua o

7 o Masopa3smepHoro I'T/]. Beibop mMofeneit ¢husnueckux 2

MOJe/IMPpOBAHUA TEUEHUUN C
MpoLeCcCoB U paCYETHBIX CXEeM.
ropeHneM B II0TOKe.

8 MO,Z[GHI/IPOBEIHI/IE TeueHHs C TOpDeHHEM B KaMepe CrOpaHUWs 6

manopasmepHoro I'T/]. [TomydyeHre UKC/IEHHOTO PelleHus.

9 MO/:[EHI/IPOBEIHI/IG TeueHus C TOpeHHEM B KaMepe CrOpaHUs 4

MasiopaamepHoro I'T/]. AHanu3 pe3y/bTaroB.
6 24113




| Bcero 3a 8 cemecTp 34 |
3.3. CamocrosnTenbHas padora crygenra (CPC)
Ne Copepxanue yueoHoro |(Oonem,
Homep 1 HauMeHOBaHMe pasfe/ia JUCHHUILIMHEI
n/n 3aJaHusA 4YacoB
Pazgen 1. Beezgenue. [TpobiemMaTrika UCC/eI0BaHUS
ITpopaboTka
1  |BBICOKOTEMIIepaTypHBIX MpoLeccoB. OCHOBHbBIE IIPUHLIUIIBI 5
TeopeTHYeCcKoro Marepyasa
MO/Ie/TUPOBaHMs.
BrimonHenue fomaliiiHero
Pa3gen 2. CraipioHapHast mpobiema. MeToz rosyueHust
2 3ajiaHus U opopmiieHre 6
[MCKPeTHBIX aHasI0roB.
oTy4eTa
BrimonHeHue fomaliiHero
Pa3gen 3. HecraiponapHast mpo6iema. MeToz oty ueHust
3 3a/laHus U opopmiieHre 6
[MCKPETHBIX aHasI0roB.
oTy4eTa
Pazgnen 4. KonBekTrBHO-M((Y31MOHHBIN ITEPEHOC BelljeCcTBa U Biroskerue omarikero
4 ACT % A y p Ul 3a/iaHus U opopmiieHre 6
SHepruu.
oTy4eTa
5 Pasgen 5. CoBMecTHOe oripe/iesieHue T10JIs1 CKOPOCTeld 1 ITpopaborka 6
JaBJIeHui. TeopeTUYeCcKOro Marepuasa
6 Pazpnen 6. MogenvpoBaHue pa3nnuyHbIx (pr3ndeckrx mpoueccos ([IpopaboTtka 5
B Kamepe cropasus I'T/I. TeopeTUYeCcKoro Marepuasna
7 ITpopaboTka 10
Pa3nen 7. CoBokymHasi 3ajjaua MO/ZieJIMPOBaHUs TeUeHUMN C TeOPeTUYeCKOro Marepuasa
8 rOpeHueM B TIOTOKe. Odopmnenne otueTa 1o 13
MPaKTUYeCKOMY 3aHATHIO
Bcero 3a 8 cemecTp 57
4. ®OPMbI KOHTPOJISA OCBOEHUA ANCIIAITI/IMHBI
CEMECTP HEJE/IN CEMECTPA

1/2/3/4 5|6 78 9 10 11|12 13|14

15 16

17

8 I3 | op I3 | 1op I3

Otu.moII3 | AP | pud. 3au.

YcnoBHble 0003HaYeHVS:

IIP — nuarHocThyeckasi pabora;

[3 — nomaiHee 3asjaHue;

Ortu. 1o I13 — oTueT no npakKTUUECKOMY 3a/|aHUIO;
. 3a4. — quddepeHIMPOBaHHbIN 3aueT.

TeKyIuii KOHTPOJ/Ib YCIIEBAéMOCTH CTYIE€HTOB TIPOBOJUTCS B JUCKPETHbIE BPEMEeHHbIE HHTEPBA/IbI B
cleayommx popmax:
[TMarHoCTUyecKasi pabora;
JOMalliHee 3a/jaHue;

OTUET I10 MPAKTUUECKOMY 3a/[aHHIO.

HpOME)Ky'TO‘lHaH dTTecTalusa IMpoBOJUTCA B Cl)OpMaXI

I depeHIIMPOBaHHBIN 3aueT.
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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;
2. Siemens NX.

5.6. 'apopmalioHHbIe TEXHOIOTHU:

B3auMoyielicTBue ¢ obyuaronumucs nocpenctBoM SMOC Moodle BT TY «t BOEHMEX» um. [1.®. YcTHHORBA.



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;
3. Siemens NX.

6.3. IIpouee:

1. pabouee mMecTo TperofiaBare;isi, OCHaIlleHHOe KOMITBIOTEPOM C JJ0CTYTIOM B VIHTepHeT;
2. paboume MecTa CTy/IeHTOB, OCHAIl|eHHble KOMITBIOTEepaMH C JOCTYTIOM B VIHTepHeT, rpeiHa3HaueHHbIe
Ju1s1 paboThI B 37IeKTPOHHOM 00pa3oBaTe/lbHOM cpefie.



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

AnHoTanusa paboueii nporpaMMsl

Jucuuniza MOJE/INPOBAHUE IMPOLIECCOB B KAMEPE CI'OPAHUA
TA3O0TYPBEUHHBIX JBUIATEJ/IEM sBnsercss AUCLUIUIMHOM 4YacTH, ()OPMHpPyeMOHl ydaCTHHKaMH
o0pasoBare/IbHBIX OTHOIIeHHM Oyioka 1, TmporpaMmbl TIOATOTOBKA I10 HampaBaeHuto 24.05.02
IpoekxmupoeaHue asuayuoHHbIX U pakemHblX Ogueameneli. [ucuurivHa peanu3yeTcss Ha ¢akynbTere A
PaketHo-KocMuueckorn TexHukd BI'TY "BOEHMEX" um. [J.®. Ycrunosa kadezpoit A8 JBUTATE/IN U
SHEPI'OYCTAHOBKMU JIETATEJIBHBIX ATITTAPATOB.

Jucrurivaa HatjesieHa Ha hopMHpPOBaHHe KoMhemeHyull:
[1CK-1.10 Bnazeer CAE cucremoii Ha ypoBHe, HeOOXOAWMOM JIJIsI BBITIO/THEHHsI paboT 110 IPOGIITIO.

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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[MacriopT doHa OLIEHOUHBIX CPeJICTB
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Pa3pen 1. BBepenue.
IIpo6ieMaTHKa MCC/Ie[OBAHUA Otuert 1o
4 8 |BBICOKOTeMIepaTypHbIX 7 2 2 0 5 10  |DpakTHyeckomy
npoueccoB. OCHOBHbIE IPUHIUNBI 3a/JaHUI0
MO e/IMPOBaHMA.
Pazpgen 2. CtanuoHapHas Tomammee
4 8 |mpo6sema. MeToj mo/1yueHust 12 6 2 4 6 10
3a/jaHue
AUCKPETHBIX aHa/IOr0B.
Pazpgen 3. HecraumonapHas Tomammee
4 8 |mpo6sema. MeToj mo/1yueHust 14 8 2 6 6 10
3a/jaHue
AUCKPETHBIX aHa/IOr0B.
Pa3pen 4. KoHBeKTUBHO- Tomanmee
4 8 |muddy3uoHHbIN nepeHoc 18 | 12 4 8 6 10
3a/jaHue
BellecTBa ¥ SHepPrum.
Paspgen 5. CoBmecTHOE OrTueT 110
4 8 |ompepesieHHe MoJIA CKOPOCTEH U 8 2 2 0 6 10  |DpakTHYeckoMy
JaB/ICeHHH. 3a/IaHUFO
LY eI Orser o
4 g P 9 4 4 0 5 20  |mpakTH4ecKoMmy
NpoLeccoB B KaMepe CropaHus Sa/IAHIIO
I'TA. A
Pazgen 7. CoBoKynHas 3ajaua OrTueT 110
4 8 |MopenupoBaHus TeueHHI C 40 | 17 1 16 23 30  |mpakTHYecKoMmy
ropeHueM B IOTOKe. 3a/JaHUI0
Bcero 3a 8 cemectp 108 | 51 | 17 34 57 100
Bcero no gucuniuHe 108 | 51 | 17 34 57 100
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Kputepuu oneHuBaHus

IICK-1.10

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 13 CJIEAYIOIINX 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.

O—C0O—1+0—0 1— ANSYS FLUENT

O—C—0O0——0
O—0O0—(0C—0
B -
O—=0 Oi O
A
! {— e
T i X ; ¢ 2 - ANSYS CFX
O—O—0O——=C0

O

O

@

O

B kakom ciiyyae Heo6X0IMMO POBOAUTE MacITabMpoBaHUe PacueTHOW 00/1acTH?
Bribepute ofuH 13 c/ieyIOLIUX BapUAHTOB:

o Co3zaHue pacueTHOU CEeTKU.
¢ lIMmopTupoBaHMe pacueTHOW CEeTKH, CO3JaHHOW B CTODOHHEM CETKOTIOCTPOUTEJIe.
¢ lIMmopTHpoOBaHKe pacueTHOI ceTKH, co3faHHor B ANSYS Workbench

YcraHoBUTe TIOC/IE/JOBAaTE/ILHOCTD AeHCTBIM, BBITIO/HSIEMBIX TTPU MO/ e/TUPOBaHUN
TMPOL[eCCOB METO/IaMH BBIYUC/IUTETbHOM IUIPOAVHAMUKHY:

A — co3aanue pacueTHOM 06/1acTh
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Ne 7

Ne 8

Ne 10

b — HaHeceHue pacueTHOU CeTKU

B — npoBefieHne MOofileNIMpOBaHUS B pelllaTesie

I' — o1jeHKa CXOAUMOCTH pelLleHUs

[l — IMIIOpTHpOBaHKe pacyeTHOW CEeTKH B pelllaTe/ib U 3a/laHUe YCI0BUN 3a/lauun

E — aHanu3 pe3ynbTaToB B MOCTIPOLIECCOpe

B Kakux rnporpaMMHbIX KOMIL/IEKCax MOXXHO TTPOBOJIUTh UUC/IEHHOE MO/le/TMpPOBaHMe
TIPOLIeCCOB B TBEP/IOTEILHBIX 3/IeMeHTaX, CO3/IaHHbIX B CTPYKTYpe 3TUX KOMIIJIEKCOB?
BribepuTe HeCKOBKO BADHAHTOB:

e Siemens NX
e Solid Works
o ANSYS Workbench

Kaxoi1 13 npuBe[jeHHbIX NaKeTOB IIPOrpaMM /ISl YUCJIEHHOT'O MO/,e/TMPOBaHUs
TMPOLIECCOB UMeeT CaMyo 00IMpHYyto 6a3y Moziesieil U camble LIMPOKHe BO3MOKHOCTH
T10 HaCTPOlKe Mozeneii? Boibepute ofuH K3 C/ieyIOLINX BapPUaHTOB:

e ANSYS FLUENT

e FloEFD

¢ Solid Works Flow Simulation
o ANSYS CFX

e NX CAE

Kakue 13 nprBeieHHbIX pe3y/bTaToB A1 KaMepsl cropanus I'T/] Heb3s NoydnTs C
TIOMOIIIbI0 METO/IOB BRIUUCTUTETBHOM TH/POAVHAMUKY? BEIOEpUTe OZIUH U3 CIeAYIOIUX
BapUaHTOB:

e PacripesiesieHre TeMriepaTypbl CTEHKH KapOBOM TPYOBbI

» PacripesiesieHre CKOPOCTH TTOTOKA B KaMepe

¢ PacripesiesieHre KOHLIEHTPAI[UX BPeAHBIX BBIOPOCOB MPU TOPeHUH
o [Nedopmaiysi CTeHKH XKapOBOi TPyOBI

YcTaHOBUTE COOTBETCTBHE KadeCTBa PACUETHOM CETKH Y BeJIMUMHBI CKOIIIEHHOCTH
(Skewness) ee 371eMeHTOB:

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

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