MMHOBPHAYKH POCCHI

(eaepanbHoe rocyjapcTBeHHOE 0IOKETHOE 00pa30BaTe/IbHOE YUPeX/[eHie BhICIIero 00pa3oBaHus
«BanTuiCcKuH rocyfapcTBeHHbIN TexHndeckuil yaupepcuter «BOEHMEX» um. JI.®. YcruHoBa»

PABOYAS ITPOI'PAMMA JTNCIHUITIIMHbBI
YN CJ/IEHHBIE METO/AbI MOJAE/ITMPOBAHHNS BBICOKOTEMIIEPATY PHBIX

(BI'TY «BOEHMEX» um. [I.®. YcruHoBa)
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JINCT COI'JTACOBAHUA

PABOYAS ITPOI'PAMMA COCTABJ/IEHA B COOTBETCTBHUHM C TPEBOBAHUAMM ®EJEPAJIBHOT'O
I'OCYJZAPCTBEHHOI'O OBPA3OBATEJ/IBHOI'O CTAHJJAPTA BBICIIIET'O OBPA3OBAHUA (@I'OC BO)

24.05.02 ITpoekTHpOBaHHE aBHALUOHHBIX U PAKeTHBIX JABUraTe/ei
roz Habopa rpynmsl: 2026

IIporpammy cocraBunu:

Kadenpa A8 IBUTATE/IM U DHEPI'OYCTAHOBKU JIETATEJIBHBIX
ATITITAPATOB
Kupnmin AnTtoH FOpbeBuu, cTapiuuii npenojaBaresb

Kadenpa A8 IBUT'ATEJIN 1 DHEPI'OYCTAHOBKMU JIETATE/IBHBIX
ATITIAPATOB
Mycreiikruc AHTOH VIBaHOBUU, CTapIMii peTiofiaBaresib

[TporpamMma pacCMOTpeHa
Ha 3aceZlaHuu Kadepbi-pa3paboTumka
paboueii porpammel A8 IBUTATEJ/IA 1 SHEPTOY CTAHOBKMU JIETATEJIBHBIX AIIIIAPATOB

3aBenyroiuii Kadgenpoii CaBapoBckuit A.A., K.T.H.

ITporpamMma paccMoTpeHa
Ha 3aceZlaHUM BbIITyCKaroiel Kadgeapsl

A8 NIBUT'ATE/IN 1 SHEPI'OY CTAHOBKMU JIETATEJ/IBHBIX AIIIIAPATOB

3apenyromuii Kadenpoii CaBapoBckuii A.A., K.T.H.




PABOYAS ITPOI'PAMMA INCHOUIVINHBI
YN CJIEHHBIE METO/AbI MOJAE/IMPOBAHMSA BBICOKOTEMIIEPATYPHBIX ITPOIIECCOB

Pazpesibl padoueii nporpamMmsi

1. ITEJIM OCBOEHUMA JUCHUITIIMHBI

2. MECTO IVCLHUITVIMHBI B CTPYKTYPE OOII BO

3. CTPYKTYPA U COOEP)KAHWE NJUCHUITIIMHBI

4. ®OPMBI KOHTPOJII OCBOEHUMA JUCHUITIIMHBI

5. YYEBHO-METOAMYECKOE 1 THOOPMAIIMOHHOE OBECIIEUEHWE NJVCINIIIMHBI
6. MATEPAJIBHO-TEXHWYECKOE OBECITEUEHUWE OJUCIAIIJIMHBI

ITpunoxkeHus K padoueii mporpaMMe JUCIUIITHHBI
o Ilpunoxenve 1. AHHOTaLUst paboyeif MPOrpamMMBI

o [Ipunoxenwue 2. TexHomoruu ¥ GopmMbl 00yUeHUS
o [Ipunoxenuve 3. @OHABI OLIEHOUYHBIX CPE/CTB



1. OEJIM OCBOEHUSA JUCLUIIVIMHBI
Llesbto 0CBOEHUS JUCLIMIVIMHBI SIBJIsieTCsl OPMUPOBaHKE CIeAYIOINX KOMIIeTeHLINH!:

IMK-5 — Crioco6eH NPOBOAXTB PACUETHI MPOIIECCOB B PAKETHBIX [IBUrATe/ISIX, MPOUYHOCTH U HAZEKHOCTH U3IEUH U X
COCTaBHBIX 3/IEMEHTOB

DOpMUPOBAHHIO KOMITETEHLIUH CITYXKUT JOCTYDKEHUE CIeAYIOLIUX Pe3y/IbTaToB 00pa30BaHus:
IIK-5

3HAHUA:

Ha YpOBHe IIPe/CTaBle€HUI: O COCTOSHUM M TepCleKTWBax pasBUTHS UHC/IEHHBIX MeTOJOB MOJe/UpOBaHUs
TIPOLIECCOB B 11eJIOM U BBICOKOTEMITEpaTypHbIX ITPOLIECCOB B 3/ieMeHTax JBuraresieil JIA B UaCTHOCTH O BO3MOXKHOCTSIX U
0COOEHHOCTAX TPUMEHEHUs] aBTOMATH3MPOBAHHBIX TPOTPAMMHBIX CPEJCTB, PeaTM3yIOLIUX UHUC/IEeHHbIE MEeTOIbI
MO/IeJTMPOBaHUsI BEICOKOTeMIIepaTypHbIX MPOL{eCCOB

Ha YPOBHE BOCTIPDOM3BeJEHHs: OCHOBHBIE TIOJIOKEHUS METOJAa KOHTPOJBHOrO 00bema, BUABI U 0COOEHHOCTH
MaTeMaTHyeCcKUX Mogie/iell BBICOKOTeMITepaTypHBIX MPOLIeCCOB

Ha YypOBHe TIOHMMaHHs: MeTOZOJIOTMSI TIOATOTOBKM U TIPOBEJeHHs UMCAEHHOrO  MOZeIUpOoBaHuUs
BBICOKOTEMIIepaTyPHBIX MPOL{ECCOB;

YMeHus:
TeopeTHhyeCcKue: BLI60p MareMaTHuyeCKux MOAQHEﬁ BBICOKOTEMIT€PATYPHBIX TPOL[€CCOB B PA3/IMYHBIX 3/I€MEHTax

ABHFHTEHEﬁ HA, KpUTHYEeCKas OL€eHKa pe3y/ibTdTOB MOZAEe/IMPOBAHMS BBICOKOTEMIIEPATYPHBIX IMPOLIeCCOB
TIpakTH4YeCKue: TIpoBeJeHre UYMC/IeHHOIo MO/e/IMPOBAaHMA BBICOKOTeMIIePAaTYPHBIX IIPpOLIeCCOB B DPAa3/IMUHBIX
3JIeMeHTax ABHF&TQTIEFI JIA IPpH PAa3/IMYHBIX yC/IOBHSX;

HaBbIKU:
MPOBeJieHNs] YUC/IeHHOT0 MoJie/IMpoBaHus Ha DBM BEICOKOTeMIepaTypHBIX MPOLIECCOB B PA3/IMYHBIX 3JIeMeHTax

ABHFaTEHeﬁ JIA; OLIeHKH U IIpeICTaB/JI€HWs pe3y/bTaTOB UNC/I€HHOI'0 MOAe/TMPOBAHUS.



2. MECTO JUCLIMIIVIMHBI B CTPYKTYPE OOII BO

Muctuniimna YACJIEHHBIE METO/bI MOJE/TMPOBAHNM S BBICOKOTEMITEPATYPHBIX
IPOLIECCOB siB/isieTcst JUCLUIIMHON YacTH, (PopMHPYyeMoii ydacTHUKaMH 00pa3oBaTe/IbHbIX OTHOLIEHMI 0/10Ka
1, mporpaMMbI IOATOTOBKH 110 Harpaesenuto 24.05.02 [IpoekmupogaHue agsuayuoHHbIX U paKkemHbix oguzamesnel.

Copep>kaHue [JUCLMIUVIMHBI SIBAsSgeTcs JjorudeckuM npogo/pkeHveMm gucuuruiud:  TEIVIOIIEPETAYA,
TEPMOJVNHAMMKA.

Cogep>XaHue JTUCIUTUIMHBI SIBIsIeTCsT 0CHOBOM /st ocBoeHust auctmuivH: IIOATOTOBKA K ITPOLIEAYPE
3ALINTBHI 1 3AIIIATA BBIITY CKHOU KBA/ITMOUKALIMOHHOM PABOTBL

[TpenBapuTe/ibHBIE KOMIETEHIMH, CHOPMUPOBaHHbBIE Y 00yUYaroL[erocs 0 Hauasia U3y4eHus JUCLUTTAHBL:

¢ OIIK-1 — CrniocobeH NMpUMeHSITh eCTeCTBeHHOHAYUYHbIe U 00LeH)KeHepHbIe U SKCIIePUMEeHTAaIbHOTO
WCCIIe/IOBaHus Ji1s PellleHus MH)KeHepHbIX 3a/1au rpodeCCHOHANBHOM [1esITelTbHOCTH



3. CTPYKTYPA U COAEPXXAHUE JVCHUII/INHBI

OO61mas TpyZA0eMKOCTb AUCLIMILIMHEL cocTaBssieT 3 3.e., 108 u.

3.1. Coaepxanue (JUAAKTHKA) JUCHUILIMHBI

Ay}llfl'l'l)pl-lble 3aHATHA c\°
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Paspen 1. Beegenue. Ilpo6iiemarnka ucc BBICOKOT PaTypHBIX MPOLECCOB.
4 8 Oc 1€ Tp MOJeJTU 1.1 Bst Oco6eHHOCTH BBICOKOTeMITePaTyPHBIX 14 4 4 0 10 10
TIPOLIeCCOB B 371eMeHTax Asurareseid JIA. 1.2 OCHOBHbIE IPUHLIMITBI ¥ METOZBI MOZIe/TMPOBAHMSI.
MeTo, KOHTPO/ILHOrO 06bema. PacueTHasi ceTKa.
Paspen 2. CranponapHasi npo6iema. MeToj mo/rydeHus! JUCKPETHBIX aHA/IOroB. 2.1
4 8 CTHL[HOHapHﬂﬂ OAHOMEpHas TeriIonpoBOAHOCTb. HOHy‘lEHl/IG JAUCKPETHOr'0 aHasora. 2.2 22 22 10 12 0 15
CTHL[I/IOHHPHHH OAHOMEpHas TerIonpoBOJAHOCTb. l—\paHI/l‘leIE ycnoBus. 2.3 METOA]:I pelIeHns CUCTeM
anrebpanyueckix ypaBHeHuid. 2.4 [IByX- U TpexMepHas CTalOHapHasl TeIIONPOBOAHOCTb.
Paspen 3. HecranuonapHas npoGiema. MeToj mo/1y4eHns AUCKPeTHBIX aHA/I0ros. 3.1
4 8 HecrairionapHas o/iHoMepHasl Ter/IonpoBoAHOCTb. OCHOBHbIE pacyeTHble CXeMbl. 3.2 YCTOHUMBOCTb 16 16 8 8 0 15
pacCyeTHbIX CXeM.
Pazpaen 4. K T -y il mep BewecTBa U 3Hepruu. 4.1 KoHsekius u
mbdysust Kak sieneHusi. O6o61eHHOe AU depeHLanbHoe YpaBHeHHe KOHBEKTUBHO-/{(bdY3HOHHOTO
4 8 nepeHoca. CraloHapHasi OjHOMepHasi KOHBeKLusi ¥ juddy3ust. 4.2 [TomyueHne JUCKPETHOTO 14 14 8 6 0 15
aHasiora: pas/iMuHble pacueTHble cxeMbl. 4.3 JIByX- ¥ TpexMepHble KOHBeKLMsA U A dysus.
I'paHMYHBle YC/IOBHUS.
Pa3paen 5. CoBMecTHOe orpejie/ieHHe 110/Is1 CKOPOCTel U jaB/ieHui. 5.1 OcoGeHHOCTH COBMECTHOTO
4 8 orpe/ie/ieHusl MOIst CKOpocTel 1 jap/ieHuii. CoBMellieHHasi ¥ [axMaTHasi CeTKH. 5.2 AJITOPUTM 14 4 4 0 10 15
SIMPLE. ITpoune nof06HbIe alrOPUTMBI.
Paspen 6. Mope. pas; X (PM3MYEeCKHX IPOLeCCoB B d/leMeHTax jBurareeii JIA.
4 8 6.1 MozgeympoBanwe TypOy/eHTHOCTH. 6.2 MogenipoBaHue AByxha3sHbix cpef. 6.3. MogenmipoBasue 16 6 0 6 10 15
TeueHHi cmeceif rasos.
Paspen 7. CoBoKynHas 3ajja4a Mo/ie/Iup T i c rop B IIOTOKE B 3/IeMeHTax
4 8 psurareneii JIA. 7.1 B3anmocssi3u Mofiesnteit pU3HMUeCKUX NPOLIECCOB, yUNUTHIBAEMBIX TIPU 12 2 0 2 10 15
MOZeTNUPOBaHUA TEUeHHH C TOpeHHneM B II0TOKE B 3/IeMeHTax ABMFHTEHEﬁ JIA. Teuenus ¢
XAMHWYECKUMH peakUusMU.
Bcero 3a 8 cemecTp 108 68 34 34 40 100
Bcero no gucuuninHe 108 68 34 34 40 100
3.2. AyAMTOPHBIIl NPAKTHKYM
Oo0nem,
Ne Homep u HaumeHoOBaHue pasjesna
Tema NPpaKTHYE€CKOI'0 3aHATUA ayf.
n/n JUCIUI/TUHbBI
gacoB
1 Pemienne 3a1au cTarioHapHON O[HOMEPHOH 2
TEeIJIOIIPOBOAHOCTHU METOZOM IIPOrOHKH.
2 Perrienuie 3aziau cTaljoHapHOM OTHOMePHOMN 2
Paspnen 2. CraupoHapHasi nmpobinema. Metof;  |TeIJIONPOBOAHOCTH UTEPALMOHHBIM METOOM.
3 MoJ/TydeHHs JUCKPETHBIX dHA/IOr'OB. Perrenne 3a4a4 CTaL[PIOHapHOﬁ I,Z[ByXMepHOI\/’I 4
TEeIJIOIIPOBOAHOCTHU MeTOAOM IPOTrOHKH.
4 PemteHue 3azia4 cTaluoOHapHOM IByXMepPHOU 4
TEeIJIOTIPOBOAHOCTU UTEPALJMOHHBIM METO0M.
5 PerieHne 3a/1au HecTalIOHapHO# OHOMepHOI 4
TEIJIOIIPOBOAHOCTHU C UCII0/Ib30BAHHEM SIBHOW CXEMbI.
Pazpnen 3. HecrauuoHapHas ripobiema. Metop P = =
TI0/TyYeHHst JUCKPETHBIX aHa/IOrOB. eleHre 3aJa4 HeCTallMOHAPHOW OJHOMEPHOU .
6 TEeIIJIOTIPOBOAHOCTHU C MCIT0/Ib30BaHHEM HeABHOU 4
CXeMBbI.
Perrienuie 3aziau cTaljoHapHOI OfHOMePHOMH
7 KOHBEKIMU U JUQQY3UH C UCTIONMb30BaHUEM CXeMBI C 3
Pazpnen 4. KousektrBHO-AM(Y31OHHBINA "LleHTPaJIbHBIMU Pa3HOCTSMU .
TIepeHoC BelecTsa U SHepruu. Perrrennie 3aziau cTalfioHapHOM OTHOMEPHOM
8 KOHBEKIIUU U ,E[I/ICI)CI)YSI/II/I C HUCII0JIb30BAHHUEM CXE€MBI 3
"[IPOTUB MOTOKA".
9 MO,I[EHI/IPOBEIHI/IE Typ6yJ'IEHTHOFO TeUeHUWs ITpu D)
Pasnen 6. MogenpoBaHue pa3/IdyHbIX 06TeKaHNH MPersTCTBYs
10 Cl)I/IBI/I‘JECKI/IX TIpOLeCCOB B 3JIeMEHTaxX MO,C[e]II/IpOBaHI/Ie ,Z[ByXCI)EIBHbIX cpen. MO,E[EJIHpOBaHI/Ie 2
nmeurareneit JIA. TeueHUH TIPY HATWUUU JUCKPETHOU (ha3bl.
11 MogenupoBaHue TeueHUI cMeceii ra3oB. 2
Paspen 7. CoBokymnHast 3ajjaua
v MO,C[EI[I/IPOBEIHI/IE TeyeHHs C TOpeHreM B IIOTOKe
12 |MofenvpoBaHuUs TeUEHU C TOpEHUEM B 2
- a7ieMeHTa JBurarens JIA
II0TOKe B 3/IeMEeHTaX JABUrarejaeu JIA.
Bcero 3a 8 cemectp 34
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3.3. CamocTosTenbHas padora crygenra (CPC)

Ne Homep 1 HanMeHOBaHMe Oo0bem,
Cojaepxanue yueOHOT0 3aaHHA
n/n pasjesna AUCLHUIITHHBI 4acoB
Paspen 1. Beegenue. V3yueHue OMONMHUTEILHON IUTEPATYyPhI 10 TeMe paszena:
[Ipo6sieMaTyKa MUcce0BaHUs O3HakoM/IeHHe C OCHOBHBIMY MPUHLIMIIAMK MaTeMaTH4yeCKOro

1  |BBICOKOTEMIIEpATYPHBIX MO/IeJTUPOBaHUs MporieccoB. M3ydyeHne BO3SMO)KHOCTEH 10
niporieccoB. OCHOBHBIE COBpeMeHHBIX [1aKeTOB MPOrpPaMMHBIX CPeJCTB AJIs1 MOJ,e/TMpPOBaHus
TIPUHLUITEI MOZIe/TUPOBaHUSI. TIPOLIeCCOB.

Pasjen 5. CoBMeCTHOE V3yueHue [J0TIO/THATE/IEHOM JIUTEPATYPHI 10 TEMe pasfena:
o O3HakoM/IeHHe C cXxeMaMH COBMECTHOTO OTpeZie/ieHus T10JIs1

2  |ompege/ieHue 107151 CKOPOCTeU U o o 10

- CKOPOCTeH U [JaB/IeHUH, UCI0/Ib3yeMbIX B COBDEMEHHBIX MaKeTax
TIPOrpaMMHBIX CPeZCTB /ISl MOZ,e/TMPOBaHUs MPOLIeCCOB.
Pasgen 6. MogenposaHue V3yueHue [10TIO/HATE/IBHOM JIMTEPATyphI [0 TeMe pasfena:

3 [PasIMUHBIX ¢hu3nueckux O3HakoMJ/IeHHe C MOJIe/sIMA Pa3IMYHbIX (U3NUYeCKUX MPOLeCCOB, 10
TIPOLIeCCOB B 3/IeMeHTax WCTO/b3yeMbIX B COBPEMEHHBIX T1aKeTaX NPOrPaMMHBIX CPeJCTB /ISl
neurareneii JIA. MOZe/TMpOBaHus IPOLIeCCOB.

Paspnen 7. CoBoKymHas 3a/ja4ya V3yueHue [JOTIO/THATE/ILHOM JIMTEPATYPHI IO TeMe pasfesa:

4 |MOAenMpoBaHus TeueHUH C O3HakoM/IeHre C IPUHLIMIIAMUA ¥ BO3SMO>KHOCTSIMU MO/e/TMPOBaHUS 10
rOpeHreM B MOTOKe B 3/IeMeHTax |BbICOKOTEMITepPaTyPHBIX MPOL{eCCOB, UCIOIb3YeMbIX B COBPEMEHHBIX
nurateneii JIA. rakeTax NporpaMMHbIX CPeZICTB /11 MOZ,e/IMPOBaHMsI IIPOLIeCCOB.

Bcero 3a 8 cemectp 40
4. ®OPMbI KOHTPO/JISI OCBOEHUSA TUCLUIT/INHBI
CEMECTP HEJE/IN CEMECTPA
12|34 5 6 |7(8 9 10 |11 |12 (13|14 15 16 17
8 KIloc | AP Klloc | AP KIloc | AP WUII3, gud. 3au.
YcnoBHbIe 0603HaueHUs:

¢ JIP — muarHocTuueckas pabora;

¢ KIloc — KOHTpOJIb MOCEIaeMOCTY;

o UII3 — vHAMBHAYa/bHOE NPAaKTUUeCKOe 3a/laHue;

o mud. 3au. — qudQepeHIIUPOBAHHBIN 3aYerT.

Tekymmit KOHTPOJ/Ib YCIIEBAEMOCTH CTY/|€HTOB ITPOBOZWTCS B IUCKPeTHbIe BpeMeHHbIe NHTepPBaJlbl B
creyromux Gopmax:
e JMarHoCTHYeckas pabora;
e KOHTPOJIb TIOCELaeMOCTH;
e MH/VBUAYya/TbHOE NIPAKTUYeCKOoe 3a/laHue.

IIpomexxyTouHasi aTTecTarusi IPOBOAUTCS B (popmax:
e nuddepeHLIMPOBAHHBIN 3aUeT.
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5. YYUEBHO-METO/JJUUECKOE 1 TH®OPMAILIMOHHOE OBECIIEUYEHUE
JVICITUTL/TMHBI

5.1. OcHOBHas UTeparypa o JUCLUILINHE:

1. A. Y. MycTeiikuc. . MogienupoBaHue rporeccoB B kKamepe cropanus ['T. CIT16.BI'TY "BOEHMEX" um. []. ®.
YctunHoBa, 2017, 41 3K3.

2. A. 1. Mycreiikuc, JI. T1. FOHakoB. . UncieHHOe peleHue 3azad terionposogHoctd. CI16.BT'TY "BOEHMEX"
uM. [I. ®. YcrrHoBa, 2018, 39 5k3.

3. A. 1. Mycreiikuc, JI. T1. FOHakoB. . UncieHHOe pellieHre 3afad KoHBeKuu U guddysuu. CI16.BTTY
"BOEHMEX" um. /1. ®. YctuHoBa, 2017, 36 3K3.

4. B. H. EmenbsiHOB. . BBegienue B Teoputo pasHoCTHBIX cxeM. CI16.BI'TY "BOEHMEX" um. [I. ®@. YcruHosa, 2006,
54 5K3.

5.2. [lono/iHUTe IbHAA IUTepaTypa M0 AUCLUIUIVHE:
He TpebyeTcs.

5.3. Ileprogrueckue U3naHus:
He TpeOyIoTCs.

5.4. TlepeueHb pecypcoB WHGOPMAIMOHHO-TeIEKOMMYHHUKAIL[MOHHOH ceTH "MHTepHeT", He0OXOAUMBIX [Ijisi OCBOEHUs
MUCIIUIIMHBI, 3JIEKTPOHHbBIE OUOIMOTEUHbIE CUCTEMBI:

1. http://library.voenmeh.ru/jirbis2 — ®yHaamenTanbpHas oubmoreka BI'TY «BOEHMEX» uM. [1.®. YcTtuHOBa.
CoBpeMeHHbIe TIPOdeCcCroHabHBIe 0a3bl JAHHBIX:

1. https://rusneb.ru — HarroHasneHas 3nekTpoHHasi 6ubmuoreka (HOB);

2. https://cyberleninka.ru/ - HayuHasi anekTpoHHasi 6ubiuoreka «KrubepieHUHKa»;
http://www.rfbr.ru/rffi/ru/library - ITonmHoTeKcTOBast 3nekTpoHHast 6ubnroTeka Poccuiickoro dpoHza
(dhyHZaMeHTaIbHBIX UCCIe0BaHUH.

VHdopmMaLoHHbIe CTIPABOYHbIE CUCTEMBI:

1. Texskcnept — MIHpoOpMaIMoHHbIH [T0pTal TEXHUUECKOro peryaupoBanus: Hopmel, paBua, ctaHAapTs! PO;

2. http://library.voenmeh.ru/jirbis2/index.php?option=com_irbis&view=irbis&Itemid=457 - b/l 'OCTos
cobcrBenHoU reHepauuu BI'TY "BOEHMEX" um. [I. @. YCTHHOBS;

3. http://www.consultant.ru/- KoncynsrantlIntoc- nHbOpMaI[MOHHBIHM MTOPTas MPaBOBON MH(MOPMALUN.

5.5. TIporpammHOe obecrieueHue:;

1. Ansys Multiphysics 2017 Teaching Advanced;
2. ANSYS 2020 R2.

5.6. lndopmallvoHHbIe TEXHOIOTHU:

B3auMojelicTBre ¢ oOyuaroumucs ocpeacteoM DMOC Moodle BI'TY «BOEHMEX» um. [I.®. YcTUHORBa.



6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUVE NTNUCIHUIIJINHBI

6.1. JIeKIjUOHHBIE 3aHATHS:
CrIelMaIM3uPOBaHHbIe TPEOOBAHUS 10 060PY0BAHUIO OTCYTCTBYIOT; ayJUTOPUS C TIOCAJ0YHBIMK MeCTaMH 110

KOJIMUECTBY CTY[EHTOB; J0CKa.

6.2. IlpakTHUYeCcKue 3aHATHA:

1. ITpoekTop;
2. Ansys Multiphysics 2017 Teaching Advanced;

3. ANSYS 2020 R2.

6.3. Ilpouee:
1. pabouee mMecTo TpenofaBare;ist, OCHaII[eHHOe KOMITBIOTEPOM C JOCTYTIOM B VIHTepHeT;
2. pabourie MeCTa CTY[eHTOB, OCHAIlleHHbIe KOMILIOTEPaMH C JOCTYIIOM B VIHTepHeT, rpe/jHa3HaueHHbIe Jy1s1 paboThI

B 3/IeKTPOHHOI 06pa3oBaresibHOM cpefie.



IIpunoxenue 1
K paoueii mporpaMMe JHUCIHUILIHHBI
YMC/IEHHBIE METO/bI MOJE/TMPOBAHUS BBICOKOTEMITEPATYPHBIX ITPOLIECCOB

AHHoTanusA padoyeld NporpamMmel

Oucoymmmaa YMCJIEHHBIE METO/bI  MOJE/IMPOBAHUSA  BBICOKOTEMIIEPATYPHBIX
TMTPOLIECCOB siB/isieTcs AUCIUTUTMHON YacTH, )oOpMHpyeMoii yuacTHHKaMu 00pa30BaTe/IbHbIX OTHOIIEHHH 0/10Ka
1, mporpaMMbI TIOATOTOBKM 10 HaripaBieHuto 24.05.02 IIpoekmupogaHue asUAUUOHHBIX U paKemHblx Osueamesell.

Oucuurimaa peanusyetcst Ha (akynbTete A PaketHo-Kocmuueckas TexHuka BI'TY "BOEHMEX" um. [1.®. YctuHoBa
kadenpoit A8 IBUTATEJIN U SHEPTOYCTAHOBKU JIETATEJIBHBIX ATIITAPATOB.

JvcLurnivHa HaljesleHa Ha ()OpPMUPOBAHYe KoMnemeHyuii:
[TK-5 CriocobGeH MpOBOAUTH pacuéThl MPOLECCOB B PAKETHBIX JBUTATeNsX, IPOYHOCTH U HAJEXHOCTU U3ZeNUi U KX
COCTaBHBIX 37IEMEHTOB.

CopepkaHue OUCLUIUIMHBI OXBATbIBaeT KPYT BOIIPOCOB, CBSI3aHHBIX C MeTOJAMH M CIOCO0aMH MOJenrpOBaHUs
TIPOLIECCOB B 3/ieMeHTax apuratesneii JIA. YueOHbIN KypC Tipejrio/iaraeT yCBOeHHe TePMUHOIOTHHY, U3yUeHUs] METO/0B
TIOCTPOEHUsI MaTeMaTHueCcKUX Moziesiel 1 UCII0/1b30BaHUU UMC/IeHHBIX MeTof0B U OBM 1pu Mozie/TMpoBaHuH.

[IporpaMmoii AVCHMITIMHEI TIPe/lyCMOTPEHBI C/IeAYIONMe BUABI KOHTPOJIS:

TeKylyii KOHTPOJ/Ib YCIIeBAEMOCTH CTY/I€HTOB TIPOBOAUTCS B JUCKPETHbIE BpEMEHHbIE HHTEPBAIbI B
cnenyroimx hopmax:
e JMarHocThYecKasi pabora;
*  KOHTPOJIb [TOCEII[aeMOCTH;
e HWHAUBHJYAJIbHOE IIPaKTUYeCKoe 3a/laHue.

IIpome)xyTouHas arrecTanys poBOAUTCS B (hopmax:
e muddepeHIIPOBaHHbIN 3aYeT.

OO01iast TPyI0EMKOCTh OCBOEHUST JUCLIMIUIMHBI cocTaBnisieT 3 3.e., 108 u. ITporpamMmoli JUCLIMIUIMHBI TIPEAYCMOTPEHbI
JIeKLIMOHHBIe 3aHsTHs (34 u.), pakTHUeckre 3aHATus (34 4.), camocTosiTe/ibHas pabora crygeHTta (40 u).
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IIpunoxxenue 2

K paoueii mporpaMMe JHUCIHUILIHHBI
YHMCJIEHHBIE METO/IbI MOJAE/TMPOBAHMSI BBICOKOTEMITIEPATYPHBIX ITPOIIECCOB

TEXHOJIOI'U 1 ®OPMbI OBYUEHUA

PekoMeHAQIMH 10 0CBOEHHUIO JUCHMILUIUHBI /I CTYAeHTa

Tpy#noeMKOCTb OCBOEHUs AWCLUIUIMHBI cocTaBiseT 108 4., u3 Hux 68 4. ayAUTOpHBIX 3aHATHH, U 40 u.,

OTBeJIeHHBIX Ha CaMOCTOATe/IbHYI0 PaboTy CTyzeHTa.

PEKOMEH,ELEIL[I/II/I o pacripeaejieHunro yq86HOFO BpeMeHU I10 BHUOaM CaMOCTOSITETbHOM paGOTbI U pasjenamMm

[IUCLIUTUIMHBI TIPUBEJIEHBI B Tab/u1le.

KoHTpO/Ib OCBOEHMSI JUCIMITIMHBI TIPOM3BOJUTCS B COOTBETCTBUH C IIOJIOKEHHEM O TEKYIIleM, PyOeKHOM
KOHTpOJIE YCIIeBaeMOCTH U MPOMEXKYTOUHOM aTTeCTal[ui 00yUaroInxcs.

@DopMbl KOHTPOJISL U KPUTEPUU OLIeHUBaHKS NIPYBe/eHbl B IpunoxkeHuy 3 kK Paboueii mporpamme.

HaumeHoBaHue padoThI PexkomeHnpayemasn 1uTeparypa prn(l)leanzxocrb,
Pazpen 1. Beegenue. [Ipo6iemMaTiKa MCCeJ0BaHUA BICOKOTEMITEPATYPHBIX NPoLeccoB. OCHOBHbIE MPUHIUIIBI
Mo/ie/TIpOBaHMA.
V3yueHue [10TIO/THATE/ILHOM JIMTEPATYPhI [0 TeMe pasfena: A. . Mycreiikuc, JI. I1. FOHakos. .
O3HakoM/IeHHe C OCHOBHBIMY MPUHLUINAMHA MaTeMaTHyeCKOro UuncneHHOe pelleHye 3a7a4
MOJie/IMPOBaHUs MpOLleccoB. V3yueHre BOSMOXKHOCTEN terutoripoBogHoctu: CIT6.BI'TY 10
COBpEeMEeHHBIX ITaKeTOB IIPOrpaMMHBIX CPe/ICTB /I "BOEHMEX" um. [I. ®. YcTrHOBa,
MO/Ie/IMPOBaHUs MPOLIECCOB. 2018 (1)
Wroro no pasgeny 1 10
Paszpesn 5. CoBMecTHOe omnpe/ie/ieHHe 0/IA CKOPOCTel U AaB/IeHUi.
B. H. EmenssiHOB. . BBefieHve B
TEOpUI0 Pa3HOCTHBIX CXeM:
V3yueHue [10TIO/THATE/IEHOM JIMTEPATYPhI 10 TeMe pasfena: CII6 BI'TY "BOEHMEX" um. [I, .
O3HakoM/IeHHe C CXeMaMH COBMECTHOTO OIpefie/ieHus 110/ YCTHHUOBa’ 2006 (10)
o o A. . Mycretikuc, JI. I1. FOHakos. . 10
CKOPOCTel U JlaB/ieHN i, NCTI0/Ib3yeMbIX B COBPeMEHHBIX MaKeTax
MPOrpaMMHBIX CPe/ICTB AJI1 MOZ,e/IMPOBaHUS MPOLie CCOB. HIMCiIeRHOe peLleHHe 33134
koHBekUu# U guddysum: CI16.BTTY
"BOEHMEX" um. [I. ®. YcTuHOBa,
2017 (3,4)
Wroro o pasgeny 5 10
Pa3pen 6. MogennpoBanue pa3inyHbIX (PU3NUECKUX MPOIECCOB B Y/1eMeHTax ABuraresnen JIA.
VzyueHue [10TIO/THATE/ILHOM JIUTEPaTyphI [0 TeMe pasfena: A. 1. Mycrelikuc. . MogenupoBaHue
O3HakoMJ/IeHHe C MOJIe/sIMU Pa3/IUYHbIX (U3NUeCKUX rpoLeccos B Kamepe cropanus I'T/I; 10
[1POLIeCCOB, UCII0/Ib3YEeMbIX B COBPEMEHHBIX ITaKeTax CII6.BTTY "BOEHMEX" um. . ®.
MIPOrpaMMHBIX CPeJICTB [jIs1 MOZe/IMPOBaHUs IPOL|eCCOB. YcruHoBa, 2017 (2)
Wroro no pasgeny 6 10
Pazpesn 7. CoBoKyIHasi 3afiauya Mojie/IMPOBaHHUs TeUeHHil C TOpeHHeM B NOTOKe B y/IeMeHTax JABHurareJeii JIA.
V3yueHue [10TIO/THATE/ILHOM JIMTEPaTyphI 110 TeMe pasfena: A. T1. Mycreiixuc. . Mogemmposane
O3HakoM/IeHHe C IPUHLMINAaMH ¥ BO3MOXKHOCTSMU )
MOZle/IMPOBaHMsI BBICOKOTeMIIepaTyPHBIX MPOLIeCCOB, MpONeccos ]?, KaMEpE CFOp"ElHI/IH TTA: 10
KCII0/Ib3yeMbIX B COBPEMEHHBIX ITaKeTax IPOrpaMMHBIX CPeZICTB CII6 BI'TY "BOEHMEX" 1m. ]I, .
YctuHoBa, 2017 (2,3)
JJ1s1 MOZleIMPOBaHNs IPOLIECCOB.
Wrtoro no pasgeny 7 10
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IIpunoxenue 3
K paoueii mporpaMMe JHUCIUILIHHBI
YVC/IEHHBIE METO/bI MOJE/TMPOBAHUS BBICOKOTEMITEPATYPHBIX ITPOLIECCOB

®OH/] OHEHOYHBIX CPEACTB

DoH[I OLIEHOYHBIX CPE/ICTB, TIO3BOJISIOIHE OLIeHUTDb Pe3y/bTaThl 00yUYeH s TI0 JaHHOW JUCLUTUIMHE, BKIFOYAIOT B Ce0s:

e JuarHocTuveckas pabora

e KOHTPOJIb [10CEL}aeMOCTY;

e VHAVBH/yaJbHOE NPAKTUUYeCKOoe 3a/jaHue;
e 1uddepeHIIPOBaHHbIN 3aYeT.

Kpurepun onieHuBaHus

JuarHoctuueckas padora
IuarHoctrueckas pabota npoBoauTcs B opme Tecta B DVIOC Moodle:

¢ [IpU NPaBUIBHOM OTBeTe MeHee yeM Ha 60% BOIIPOCOB - He aTTeCTaLys;
e TIpY NMpaBW/ILHOM OTBeTe Ha 60% BOIIPOCOB 1 GoJ1ee - aTTeCTalysl.

KonTpons nocemaemocTu
ArtTecTanyisi MpOCTaBIIseTCs TIPY YCJIOBUY MOCelieHns He MeHee 75 % 3aHATHHA. OTpaboTKa MpOMYIeHHBIX
3aHATHH He TpebyeTrcs

NuauBuyanbHOe NPaKTHYECKOe 3a/jaHue

OLjeHUBaeTCs TOJTHOTAa U KaueCTBO BBITIOTHEHUsI TPAKTUUYECKOT0 3a/laHusl, BEPHOCTb arOPUTMa U MOTyYeHHBIX
Pe3y/IbTaToB, CII0COOHOCTh UX 0OBACHUTS.
KowmrinekTsl 3afiaHuii peAcTasaeHsl B Y MK AUCLIAIIIVHEL
3arura 3a/jaHKs IPOXOJUT B (JOPME [IOK/Ia/la CTY/IeHTA 110 BhIMOJIHEHHOM paboTe v OTBETOB Ha 3 BOMpOCa
TrperoziaBare’isi.
3ajjaHue CUMTaeTCs CIaHHBIM TPY TIPaBUILHOM OTBeTe Ha 2 BOTpoca.

JuddepennupoBaHHbIN 3aueT

OrieHka 3a JudQepeHIMPOBaHHbBIN 3aUeT BBICTAB/ISIETCS 110 pe3y/ibTaTaM OTBETOB Ha BOMPOCHI OueTa K
maddeperLpoBaHHOMY 3adeTy. B Ousete gBa Bompoca.
OlLleH1BaeTCs MOJTHOTA U NMPAaBUIBHOCTE OTBETA 110 OU/IeTy.
OTBeT Ha «y[OB/IETBOPUTE/ILHO»: OTBET CTPOTO M0 OuieTy, noaHota otBeta 60-80% Mo KaXK10My BOTIPOCY.
OTBeT Ha «XOPOILIO»: OTBET MO0 OuseTy He MeHee 80% IO KaXKAOMY BOTIPOCY.
OTBeT Ha «OTJIMYHO»: OTBeT Mo Ounety He MeHee 80% TI0 KaXKZIOMy BOTIPOCY, OTBETHI Ha 2-3 /I0TO/THUTE/TIbHBIX BOTIPOCA
13 COMCKa CO CTeTeHbI0 MOMHOThI 0TBeTa He MeHee 50% M0 KaXKjOMY.
[Tpu oTBeTe cTyzeHTa MeHee ueM Ha 60% 10 Ka)KIoMy 13 BOTIPOCOB WJ/IM BEPHOM OTBETe TOJILKO Ha OJJUH BOTIpOC OuieTta
BBICTaBJISIETCS OLIEHKa "'He 3auTeHO".
Ilepeuenb BOIIPOCOB K 3aueTy BXOZUT B cocTaB Y MK AuCLMIUIMHBI
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Pa3zgen 1. Beegenue. [IpodiemaTuka
4 g |MCCIe0BAHHSA BHICOKOTEMIEPATYPHBIX | | 4 4 4 0 10 10 KonTponb
npoueccos. OCHOBHbIE NPUHIUIBI MOCeIaeMOCTH
MoOje/TMPOBaHuUs.
Pa3gen 2. CTanuoHapHas npotsema. KOHTDOE
4 8 |Metop nosiyyeHUs1 AMCKPETHBIX 22 22 10 12 0 15 P
TrocelaeMoCT!
aHaJIoroB.
Pa3spen 3. HecranmonapHas npo@/iema.
KonTpons
4 8 |MeTtop mony4yeHus: JUCKPETHBIX 16 16 8 8 0 15
MOCeIaeMOCTH
aHaJIoroB.
Pa3pen 4. KoHBeKTUBHO- KOHTDOJE
4 8 |muddy3uoHHBIN NepeHOC BemiecTBa U 14 14 8 6 0 15 P
MOCeIaeMOCTH
Hepruu.
4 8 Paspen 5. COBMveCTﬂoe ompejie/ieHue 14 4 4 0 10 15 KonTpons
T0JI1 CKOPOCTel U AaB/IeHu . ToCelaeMOCTH
Paspen 6. MopempoBanue pa3jidn4HbIX
KonTpons
4 8 |pu3uUecKHX NpPOLECCOB B 3/IeMeHTax 16 6 0 6 10 15
. MOCeIaeMOCTH
aBuraresen JIA.
Kontposns
Paszpen 7. CoBokynHas 3afaua 110celaeMOoCTH,
4 8 |mopenupoBaHus TeueHH# ¢ ropeHueM B| 12 2 0 2 10 15  |MupguBupyanbHOe
MOTOKe B 3JIeMeHTax ABurarenei JIA. TpakTUUeCKoe
3afiaHue
Bcero 3a 8 cemectp 108 68 34 34 40 100
Bcero no gucrymuinge 108 | 68 34 34 40 100
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OrneHouHble MaTepuasibl no aucoumiude YAC/IEHHBIE METO/1bI MOJAE/TMPOBAHUSA
BBICOKOTEMIIEPATYPHBIX ITPOITECCOB

IIK-5 - Cnoco6eH npogodumb pacuémbi Npoyeccos @ pakemHbIx 0guzame/isix, NPOUHOCMU U HAOEXCHOCMU u3deauti u
UX COCMABHBIX 3/1eEMeHIN08

Ne 1 TIIpouuraiiTe TEKCT U yCTaHOBUTE COOTBETCTBHE
CoorHecurte n300pakeHNe CETKHU C Ha3BaHUEM.

1
A cTpyKTypUpOBaHHas
2
b rubpuHas
3
B
HECTPYKTYPUPOBAHHASI

I" npusmaruueckas

Ne 2 TIpouwTaiiTe TEKCT U 3allUILHITE Pa3BepPHYThI 000CHOBAHHBIN OTBET
YT SIBSIeTCS CYLHOCTBIO UHUC/IEHHBIX METOJ0B MOZe/TUPOBaHHUS
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Ne 3

Ne 4

Ne 5

Ne 6

Ne 7

Ne 8

Ne 9

[TpouunTaiiTe TEKCT ¥ yCTAHOBHUTE COOTBETCTBHUE
CootHecuTe pacripefieneHre U GyHKLMIO KOTOPOH MOXKHO 3TO pacripefiesieHue MoayuuThb

1 MMHUM TOKa

A pathline
SKUJTKOCTH
2 U30/IUHUU
b contour
TeMIepaTypbl
3 HarpaB/ieHHe
P B vector

BEKTOPOB CKOPOCTH
I" particle tracks

ITpounTaiiTe TEKCT U yCTAHOBUTE TOC/IENOBATETFHOCTE
ITopsimoK TOATOTOBKY TBEpAOTeIbHOU Mofiei K CAE-MozieTupoBaHMIO.

1 YmpoliieHre reoMeTpUM MOZeNU: yaneHue (hacoK, CKpYIVIeHUH, OCTPbIX KPOMOK
2 Co3panue 3amIyliek Ha BXOAHBIX M BBIXOJHBIX OTBEPCTHUSIX
3 V3BieueHre BHYTPEHHEr0 00BEMa

4 Dkcriopt reoMeTpun B opmare, roaxozpsiem At CAE-cucremsl
IIpounTaiiTe TEKCT U yCTAHOBUTE MOC/IE0BaTe/IbHOCTh
PaccraBbre npaBusTBHBIN TTOpsiiok rpoBesieHnst CAE pacuera

1 Cozpganue CAD mopenu
2 Co3paHue CeTKu
3 Pacuer

4 TloctobpaboTka
[TpounTaiiTe TEKCT, BoIOEpPUTE MPABU/IbHBIN OTBET U 3aMUILIMTE apryMeHThI, 000CHOBBIBAIOIIME BLIOOD OTBETA

Kakyto Mogiesib TypOy/IeHTHOCTH Lie/ieco00pa3HO UCIIO/b30BaTh /I/Isl YCKOPEHHsT PACUETOB MPH PellieHuH 33134
BHEIIIHET0 00TeKaHUs?

1) Spalart Almaras
2) Reynolds Stress
3) k - omera

4) k - snicunoH
[TpounTaiiTe TeKCT, BEIOEpUTe MPABU/ILHBIM OTBET U 3allUILIKTEe apryMeHThbl, 000CHOBLIBaIOIL[He BBIOOP OTBETa
Kakoii Tvn MHULMaM3aly pacueTa B nporpamme Ansys Fluent Gosiee mpeamouTrTelbHO BBIOMPATh

1) I'ubpugHas
2) CrangapTHas

3) HesiBHast
[TpounTaiiTe TEKCT, BHIOEPUTE MPABU/ILHbIE OTBETHI U 3aITHIIIMTE apryMeHThI, 000CHOBBIBAIOII[HE BHIOOD OTBETOB

ITpu pabote B CAE-cucTeme, B Kakoi 30He, P TIOCTPOEHHH CETKH, HeOOXOMMO MOTyUnTh Haubosee TI0ApOOHYTO
CeTKy

1) B 30He y cTeHOK

2) B 30He cBOOO/IHOTO TeUeHUs

3) Y BBIXOJHOM rpaHULIbI PaCUeTHOM 0bsactu
4) Y BXO/[JHOU rpaHULIbI paCUeTHOH 06/1aCcTH

5) B 30Hax c 60/b111MM IpaiueHTOM U3MeHeHHs IlepeMeHHbIX
[TpouwTaiiTe TEKCT U 3aMUILHITE Pa3BepPHYTHIH 000CHOBAHHBIN OTBET

B unicienHom MOJe/IMpOBaHKe TIPpOLeCCOB rupora3oguHaMuKH, UTO I104Ppa3yMeBAET I10/ coboit rpaHHUYHOE
ycioBue BXo4da

Ne 10 IpouuTaiiTe TEKCT, BHIOEPUTE MPABU/IbHBIN OTBET U 3aIUILIUTE apryMeHThl, 000CHOBBIBaOIIME BEIOOP OTBETa
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C kaxoii 1enbto B anroputMe SIMPLE npuMeHsSIFOTCs TIOZipesiakCcaljioHHbIe (haKTopbI
1) IMoBbIeHNs] CTaOUTBHOCTH peLeH s
2) YckopeHwus mpoliecca pelieHust

3) 3a/iaHust Ha4aJIbHBIX YCIOBUM
Ne 11 TTpouwnTaiiTe TEKCT, BEIOEPUTE TIPABU/IbHBIE OTBETHI U 3alMUIIINTE apryMeHThI, 000CHOBBIBAOLIHE BLIOOD OTBETOB
Kakwe mmroce! iMetoT YricieHHbIE METO/IBI B CPaBHEHUY C HATYPHBIM 3KCITEPUMEHTOM?

1 HU3Kasi CTOMMOCTD
2 BBICOKasi CKOPOCTb
3 nosiHOTa UH(OPMALUH

4 OTCyTCTBHe B/IUSIHUS YesI0BeyeCcKoro dakropa
Ne 12 TTpouwnTaliTe TEKCT, BEIOepHUTe IIPABHJIbHBIE OTBETHI M 3aITUIINTe apIYMEHTHI, 000CHOBBIBAIOILVIE BLIOODP OTBETOB
B kakom opmare Heobxoarmo coxpanuth Cad MofieNnu JieTany Win y3/a asurartesis s skcrnopta B CAE cuctemy

1 .m3d
2 .sdprt
3 .stp

4 .iges

5.x_t
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