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1. HEJIM U BAZJIAYHU OCBOEHU A JUCHUIIIINHBI
Lenp ocBoeHusi AUCHUILUIMHBI. l3ydyeHHe COBpEMEHHBIX KOMIIBIOTEPHBIX KOJIOB  JJIs
MOJICTTPOBAHUS TEIUIOTUAPABIUICCKIX MPOIECCOB B SHEPTETUIECKOM 000pYI0BaHUU
3agayu AUCHMILINHBI
- U3y4Y€HHUE BO3MOXKHOCTEN COBPEMEHHBIX KOMITBIOTEPHBIX KOJOB JJII MOJCIIUPOBAHUS
TEIUIOTHIPABIMYECKUX MPOIIECCOB B IHEPreTUUECKOM 000pYI0BaHUH;;
- I3YYCHHE METOJIOB TIOCTPOCHUSI HECTPYKTYPUPOBAHHBIX U aJIANITUBHBIX CETOK U OCOOCHHOCTEH
MOJTyYEHUS Ha 3TUX CETKAX JMCKPETHBIX aHAJIOTOB MCXOJHBIX YPaBHEHUH IEpEeHOCa;;
- U3y4YCHHUE MIPUHIMIIOB MApAJICIbHBIX BEIYUCICHUN MPU PEIICHUH MHOTOMEPHBIX 3a]1a4
TEPMOTHIPABIMKHU U UCIIOJIb3YEMBbIX IS 3TUX eJIel MPOrpaMMHBIX CPEJICTB;;
- OCBOEHHUE OTKPBITOr0 KoMIibloTepHOro koaa ANES;;
- U3y4CHHUE NTPUEMOB PabOThI ¢ KOMIIBIOTEpHBIM KogoM OpenFOAM.

dopmupyembie y 00ydaronierocs KOMNneTeHIHH U 3alJIaHUPOBAaHHBIE Pe3yJIbTaThl 00yUeHHs 110
JTUCHHUIIIINHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTeHIHIi !

KOI[ U HAMMEHOBaHUC KOI[ U HAMUMECHOBAaHUC 3al'lJ'IaHI/Ip0BaHHI)Ie pe3yJabTaThl oﬁyqemm
KOMIIETEeHL MU HHAUKATOPA JOCTUKEHUsI
KOMIICTCHIIUU
I1IK-1 Cniocoben N/I-1nx-1 UMeer HaBBIKH 3HaTh.
AQHAJIM3UPOBATh U MATEMaTHIECKOTO OMUcanust i | - METOMbI PEIIEHUs THUCKPETHBIX
MOZIEIHPOBATh (H3MIECKHE | MOJCIHPOBAHMS MPOIECCOB B | YPABHEHHII C HCTIOTb30BaHHEM
IPOLIECCHI, UCTIOIb3YEMbIE B | paboUyuX Teaax U 3JIEMEHTaxX HTCPalHOHHBIX alI'OPUTMOB,
ATOMHOM PHEPreTUKe SHEPreTUYECKUX YCTAHOBOK - DTallbl PELICHNUs IPUKIIAHON 33189t C

nomompo CFD ko10B;

- BusyanpHbie criocOOBI IPEICTABICHUS
pe3yibTaTOB PACUETOB;

- TUmbI CETOK KOHTPOJILHBIX 00BEMOB
Meroaa MKO u npuHIMIBL UX
MOCTPOCHUS,

- ApXHUTEKTYpY, OCHOBHOE
(GYHKIIMOHAJIBbHOE HAIIOJHEHUE,
MaTeMaTUYeCKHe MOJEIN U MPUHIIMIIBI
paboTHI COBPEMEHHBIX KOMITBIOTEPHBIX
KOJIOB JJI1 MOJEIMPOBAHUS POLIECCOB
TEPMOTUJIPABIUKH B DHEPTETHUECKUX
YCTaHOBKAX;.

YMETh!

- Ucnonb3oBars MakponiepemenHsie ANES
JUIS OTIMCAHMs MaTEeMaTHYECKOM
MOCTAaHOBKH 33]a4H;

- [IpuBecTu onmcanue cBoeil 3a1aun K
MaTeMaTuuecKuM Moeisam koga ANES;

- CTpouTh CTPYKTYpHUPOBaHHbIE U
HECTpYKTypupoBaHHbIe ceTku Koga ANES;
- [IpoBOIMTH pacueTsl C UCIOIB30BAHUEM
Kommunsropa u Pemarens koga ANES;

- YMetb 00pabaThiBaTh pe3yabTaThl
pacyeToB C MOMOIIBIO MTOCTIPOIIECCOPOB
ANES u ParaView.




2. MECTO JJUCHUILJIMHBI B CTPYKTYPE OBPA3OBATEJILHOM NPOT'PAMMBI BO

JucuumnimHa OTHOCUTCS K OCHOBHOW mpodecCHOHaIbHOW 00pa3oBaTeNbHOM MporpaMme
Termnodusuka u monekymsipHas ¢pusuka (nanee — OIIOII), manpasnenust moarotoBku 14.04.01 Snepuas
JHEpreTHKa U Terio(u3uKka, ypoBeHb 00pa3oBaHus: BhICIIee 00pa3oBaHKe - MarucTparypa.

TpCGOBaHI/IH K BXOIHBIM 3HAHUAM U YMCHUAM:

- 3HaTh 3HATh TEPMHUHOJIOTHIO B 00JIACTH THIPOAMHAMUKY U TEIUIOOMAaccoOMeHa

- 3HaTh 3HaTh OCHOBBI BEKTOPHOTO aHAIN3a

- 3HaTh 3HATh OCHOBHBIC YPAaBHEHUSI MEXaHUKH CIUIOIIHBIX Cpell (YpaBHEHUs Hepa3pbIBHOCTH, HaBbe-
Croxkca u 3Heprun)

- 3HaTh 3HATh OCHOBHBIC O€3pa3MepHbIC KPUTEPHUH B 3a]a4aX TUAPOIMHAMHUKH U TETII00OMeHa

- YMETh YMETh CAMOCTOSATEIBHO pa30upaThcs B Pa3IUYHbBIX (hOpMax YpaBHEHUH MEXAHUKH CIUIOIIHBIX
cpen

- YMETh YMETh UCIOIB30BaTh CTAHJAPTHBIC IPOTPaMMHBIE CPEICTBA st 00pabOTKH pe3yIbTaToB
pacdeTa u mocTpoeHus rpadudeckoi HHGopManum

PesynbTarel 00y4ueHus, MOTYYCHHBIE TIPU OCBOSHUH JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PabOTHI.



3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTh JUCIUIUTMHBI COCTABIISIET 3 3a4€THBIX euHMIIbI, 108 Jacos.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
m P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 Bgenenne 2 1 2 - - - - - - - - - H3yuenue mamepuanoe 1umepamypHbix
1.1 Baenenue 2 2 - - - - - - - - - UCMOYUHUKOG:
[1],m 1.1, m 1.2
2 DTalbl pemeHus 1 1 - - - - - - - - - H3yuenue mamepuanoe numepamypHvix
MIPUKIIaIHON 3a/1auu ¢ UCIMOYHUKOG:
ucnons3oBanueM CFD [2], cTp. 8-12
KOJIOB
2.1 OTansl permeHus 1 1 - - - - - - - - -
TIPUKIIIHON 3a/1auu ¢
ucnoas3zoBanueM CFD
KOJIOB
3 [TepBoe 3HAKOMCTBO C 6 2 - 2 - - - - - 2 - H3yuenue mamepuanog numepamypHsix
kogoM ANES UCHOYHUKOG:
3.1 [TepBoe 3HAKOMCTBO C 6 2 - 2 - - - - - 2 - [1], cTp. 470 — 489
kogoM ANES
4 @O-niepeMeHHEIE. 10 4 - 2 - - - - - 4 - Iloozomoeka pacuemusix 3ad0anuii:
PacueTHast 065acTh. Brimonnenue m.1,2 pacueTHOTO 3aaHUs:
I'paHnyHbIE yCIOBUS 1.®opmynupoBKa HU3NIECKOil U
4.1 @D-nepeMeHHbIE 7 1 - 2 - - - - - 4 - MaTeMaTHYECKOH TOCTaHOBKHY 3aa4u. 2.Beidop
4.2 PacueTnast o6macth 2 2 - - - - - - - - - ®-niepeMeHHBIX PUKIATHON 3a]1a4H,
4.3 I'paHWYHBIC YCIOBHS 1 1 - - - - - - - - - MaKpoTiepeMeHHBIX B (HopMyITHpOBKa
IPaHUYHBIX YCIOBUH.
H3yuenue mamepuanoe iumepamyproix
UCIOYHUKOG:
[2], cTp. 13 - 23
5 OYHKIUOHAIBHOE 7 1 - 2 - - - - - 4 - Ilodzomogxa pacuemuslx 3a0aHuil:
HaIoJIHEHHE KoJa BrinonHenue 1. 3 pacueTHOro 3a/1aHus:
ANES 3.IloctpoeHune pacueTHOH 00J1aCTH U 3a/1aHHE

5




5.1 DyHKIMOHATbHOE 7 4 HEOOXOIUMBIX MATUCH.
HaIoJIHeHHE KoJa H3yuenue mamepuanog 1umepamypuoix
ANES UCHIOUHUKOB:
[2], cTp. 133 - 144
6 CeTK1 KOHTPOJIBHBIX 12 6 Iloozomoeka pacuemusix 3a0anuii:
00bsemoB MKO Brmmonaenne m.4 pac4eTHOTO 3aJaHus:
6.1 CeTK1 KOHTPOJIBHBIX 12 6 4 IToctpoeHue 0a30BOH YNCIICHHON CETKH,
00bsemoB MKO JI0Ka3aTeIbLCTBO CETOYHOM CXOIUMOCTH.
H3yuenue mamepuanos numepamypHsix
UCHMOYHUKOG:
[1], ctp. 424- 442
7 JuckpeTHble 9 6 Iloozomogka pacuemulx 3a0anuii:
YpPaBHEHUS U METOLBI BrlinosiHeHue 1.5 pacyeTHOrO 3aJaHus:
HUX pELICHUS 5.3aaHue TpaHUYHBIX YCIOBUH Ha A3BIKE
7.1 JluckpeTHbIe 9 6 ¢aiina mpoekra koga ANES
YpaBHEHHS U METOJIBI H3yuenue mamepuanog 1umepamypnoix
UX peleHus UCIOYHUKOB:
[2],1m.2.2,1.2.3
8 [MapannencHbIe 14 12 Iloozomoeka pacuemusix 3a0anuii:
BBIYHCIICHUSI BeImonHeHue 1.6 pac4eTHOTO 3aIaHHus:
8.1 [MapannencHbIe 14 12 6.BrImonHeHne pac4eToB. AHAIN3 NOTY4YEHHBIX
BBIYHCIICHUS pE3yJIbTaTOB
H3yuenue mamepuanos numepamypHsix
UCHOYHUKOG:
[1],m. 6.5
9 Oo6pabotka 5 2 Iloozomoeka pacuemuslx 3a0anuii;
pe3yJbTaTOB PaciyeToB BrinonHeHue 1. 7 pacyeTHOTo 3a/1aHus:
9.1 O6paboTtka 5 2 7.06paboTKa pe3ynbTaToOB U CPAaBHEHUE C
Pe3yJIbTaTOB PacuyeToOB MMEIOILIMMHUCS B JINTEPAType TaHHBIMH
H3yuenue mamepuanog 1umepamypHsix
UCHOYHUKOG:
[2], 1. 6.4
10 OTKpBITHII KOZ 6 4 Ilodzomogxa pacuemulx 3a0aHuil:
OpenFOAM Beimonzenue n.8 pacueTHOro 3aaHus:
10.1 OTKpBITHIHI KOZ 6 4 8.IloaroToBka npeseHTanuu. 3ammra
OpenFOAM pPacueTHOTO 3aJaHus

H3yuenue mamepuanos numepamypHslx
UCMOUYHUKO6.

[3], cTp. 5-25




OKk3aMeH 36.0 - - - - 2 - - 0.5 - 335
Bcero 3a cemecTp 108.0 16 - 16 - 2 - - 0.5 40 335
Hroro 3a cemecTp 108.0 16 - 16 2 - 0.5 735

Ipumeuyanue: Jlex — nexuuu; JIab — naboparopusie padoTsl; [Ip — npaktudeckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoektam/padoram; MKKII — unauBuayansHbie KOHCYIbTAIIMU 0 KYpPCOBBIM MpoekTam/padoram; ['K- rpymnoBsie KOHCYIbTAIUU 110 pa3aenam
muctumunaer, CP — camocrositenbHas pabota cryaenrta; MKP — unast konraktHas padota; TK — Texymuit koHTpoiis; [TA — npoMexyrodHas

aTTcCTanuAa



3.2 KpaTkoe coaep:kaHue pa3iejioB
1. Bgeoenue

1.1. BBenenue

Uro Takoe Computational Fluid Dynamics (CFD) texnomoruu. WcTtopusi pa3BuTHs.
Bo3smoxxnoctu CFD Ttexnomormm. Ilman mpakThyeckod paOOThI CTYIEHTOB. YCTaHOBKa Koja
ANES. Pacnpenenenne nHAMBUAYaAJIbHBIX 33]1a4..

2. Dmanwi pewteHus npuxkiaodnou 3a0ayu ¢ ucnoavszosanuem CFD kodos

2.1. DTansl penieHus NpUKIAAHON 3a1a4uu ¢ ucnonb3zoBanueM CFD konoB

AHaiu3 3TanoB Ha IpUMepe 3aJad O €CTECTBEHHON KOHBEKIIMM B KABEPHE U TEUCHUHU B KaHAJIE C
TpyOHBIM ITyukoM. JleMoHcTpanus Bo3MoxxkHocTer kona ANES nms onmcanust pacueTHoi obnactu
CO CJIO)KHOM I€OMETPHUEH..

3. llepsoe snakomemeo ¢ kooom ANES

3.1. IlepBoe 3nakomcTBO ¢ kojgoM ANES

Nzyuenue anroputmoB 3amycka ANES. H3yuenue crpyktypsl ¢aina npoekta ANES (ero
OCHOBHBIC CEKIIMM M OIepaTopbl) M CHOCOOOB pemakTupoBaHus (Daiiyia mpoekTa (B TEKCTOBOM
pemaKkTope W B JU3aHEpe MPoeKTa). MakponepeMeHHbIe poeKTa. Pe3ynbTaThl pacyeToB - MO
MoJIb30BatTeNsl U V-TiepeMeHHble. AHAIU3 pe3ylbTaToB ¢ MOMOIIbI0 mocTaporeccopoB ANES u
ParaView.

4. @-nepemennvie. Pacuemnuas obaacmo. I panuunsle yenosus

4.1. ®-nepemeHHbIE

O06o011eHHOe ypaBHEHUE NepeHoca B KoHcepBaTtuBHOW (Gopme s CFD komoB u cnenuduka
€ro OTACNbHBIX wWwieHOB. OmucaHue wWIEHOB OOOOIIEHHOTO ypaBHEHHUsS B (pailie mpoekTa Koja
ANES. Jluneapuzaiiuss HCTOYHUKOB U «BHYTPEHHHME» HCTOYHHMKU KoOAa. Tumbl (pU3MUecKux
TPAHUYHBIX YCIOBUM..

4.2. PacuerHas obnacTb

Anroputmsl onucanus pacuetHon obnactu (PO) B coBpemennsix CFD konax: mpocrast 6a3zoBas
PO, anroput™ BeIYMTaHUS OJIOKUPOBAHHBIX OOBEKTOB, CYMMHPOBAHHUE F€OMETPUUYECKUX OOBEKTOB.
Anroputm noctpoenuss PO B xome ANES. Ilatunm koma ANES - ocHOBHBIE OOBEKTHI IS
noctpoenus PO.

4.3. I'panruHbIE YCIOBUS
Onucanue rpaHuyHbIX ycinoBuil B (aiine mpoekta ANES. I'pannunsie ycnoBus ANES 1o
YMOJTYaHHUIO.

5. @yukyuonanvtioe Hanoanenue kooa ANES

5.1. ®yuknmonanbHOE HanoHeHUE Kojga ANES

JIByxmapameTpuyeckiue MoJeNu TypOYIeHTHOCTH Koaa. Monenu k-e i OONbIIMX U HU3KHX
TypOyneHTHbIX uucen PelnHonbaca. Jlorapudmuueckuil npoduiib CKOpPOCTH ISl CIBUTOBOTO
teyeHus. [lpucrennsle ¢yHkuuu. HacTpoiika ceTKM KOHTPOJBHBIX OOBEMOB Ui Pa3IMYHbBIX
Mozerned. 3amanne TypOyJIeHTHBIX HAaYaIbHBIX YCITOBUH.



6. Cemku xonmpoawbivix 0bvemos MKO

6.1. CeTku KOHTPOIBHBIX 00beMOB MKO

OcuoBusie 31emenTsl KO (BepumHbl, pedpa, TpaHu U KOHTPOJIbHBIE 00BeMBI). J[Ba TuMa ceToK
KO: cTpyKTypupOBaHHBIE M HECTPYKTYpUpOBaHHbIe. HenocTaTkn M mpeuMylecTBa 3THUX CETOK.
OcHosnble npaBuiia nocrpoenus cetok KO. Ilonarue cetounoi cxoaqumoctu. CTpyKTypUpOBaHHbIE
cetku koga ANES. KpaTkoe omucanue um alropuTmbl UX noctpoeHus. HecTpykTypupoBaHHBIE
cetku koga ANES. Alroputm J10KaabHOTO IPOOJICHHS JeKApTOBBIX CTPYKTYPUPOBAHHBIX CETOK..

7. Jluckpemuwie ypasuenus u Memoobl Ux peuerus

7.1. IucKpeTHbIE YPaBHEHUS U METO/IbI UX PELICHUS

CranmaptHas ¢opma TUCKpeTHBIX ypaBHeHuH Metona MKO M uX OCHOBHBIE CBOWCTBA.
OcCHOBHBIE UUCIIEHHBIE CXEMBbI, HUcloyib3yeMble B coBpeMeHHbIX CFD kxomax.. Mogens Pue-Hoy
JUIsL COBMEILICHHBIX CETOK CKOpPOCTEH W JaBicHMs. MTepalMOHHBIA aJITOPUTM PEIICHUS CUCTEMBI
JIMCKPETHBIX ypaBHeHUI. Mozens nonpaBok. Kpurepun «cxoauMOCTH» HTEPALMOHHOTO MPOLECCa.
MeToapl AOCTHXKEHHUS CXOOUMOCTH WTEpalMil. YTpaBIC€HUE HUTEPALMOHHBIM IIPOLECCOM B KOJIE
ANES. Metonpl penieHus JUCKPETHBIX ypaBHeHUM. [IpumMepbl HTepaliuOHHbBIX aJrOPUTMOB: METO]T
IIPOrOHKHM, METOJbl YMEHBUICHMSI HEBSI3KM C HCIIOJIB30BAHUEM IIPEKOHIULIMOHEPOB, MYJIbTH-
cerounbie anroputMmbl. Jluneinnsie consepbl koga ANES: ATDMA, KIVA, KIVA ILU, SPKT.*,
HYPRE.

8. Iapannenvrble gviuucienus

8.1. IlapamnenbHble BEIYUCICHUS

OCHOBHBIE ~ apXWUTEKTYPbl  BBIYMCIUTENIbHBIX CHCTEM JUISl  [apaJJIeJIbHBIX  pPacyeToB:
MHOI'OsI/IEpHbIE ITPOLIECCOPBI, MHOTOIPOLECCOPHbIE KJIAacTephl, rpadudeckue KapTbl. OCHOBHbBIE
MOHSTHS OTlepallMoHHbIX cucteM: npunoxenue (Process) u autu (Thread). Iloacucrembr OpenMP
u MPI. IIpumeps! ux ucnons3oBanus. [Ipumenenne MPI B CFD kopax. [lonsatue nekoMmnosuuuu
PO. Heob6xomumocts oOMeHOB M ucnoib3oBaHuss HALO-sueek. IlapamienbHble BbIUKCIEHHS B
koge ANES. ANroputmel JE€KOMIO3ULMHM Uil CTPYKTYPUPOBAaHHBIX M HECTPYKTYPHUPOBAaHHBIX
ceTok. JlemoHcTparus napauieabHbIX pacueToB B Windows u kiactepe Linux.

9. Obpabomxka pe3yibmamos pacyemos

9.1. ObpaboTka pe3yIbTaTOB PACUETOB
[TpocmoTp 1 ananu3 pesynsraToB B noctnpoueccope ANES u makere ParaView. Pacuet noneit
NepeMEHHBIX ¢ moMoInbto nogacucreMsl myFORM ANES..

10. Omkpvimoiti k00 OpenFOAM

10.1. OtkpsiThIil KO OpenFOAM

OcHOBHBIE 0OCOOEHHOCTH KOJa: OpHEHTAIMs Ha Linux-apXuTekTypy, Habop - KOHCTPYKTOP AJIs
paboThl CETOYHBIMU TMOJSIMU CKaJspOB, BEKTOPOB M TeH30poB. OCHOBHBIE MaTeMaTH4YeCKHe
MOJIeNU, peaan3oBaHHble B Kojae. MHcTamuanus koga B Windows u Linux. Onucanue npukiagHoi
3agaud. OCHOBHBIE 3Talbl peuleHus 3a/1a4di. BeTpoeHHble yTUIIMTBI KOJa JAJsl MOCTPOEHUS! CETOK
KO. OcHoBuble Pematenu. YTunuTsl Uit oOpabOTKM pe3ynpTaToB pacueTa. llpumep pemieHus
TECTOBOM 3aJ]a9H.



3.3. TeMbl NIpaKTHYECKUX 3aHATHH
1. Onncanne pu3nUecKol U MaTeMaTUIECKON MOCTAHOBKY MHAMBUAYATBLHOM 3a1a4u. AHAIINA3
U GOpMYJIMPOBKa ATAINOB pemeHus. Y cranoBka koga ANES;
2. IToctpoenne PO. Beibop 1 Ha3HaueHUE TTATYCH;
3. BriOop 1 HacTpoiika mapamMeTpoB Mojiesell TypOyJIeHTHOCTH;
4. IocTpoenue pacueTHO ceTku. BEIOOp Tpex BapuaHTOB CETOK JJIsi MHAWBUTYyaJIbHBIX
3amad: rpyootii (coarse), 6a30Boii (base) u moapoOHoii (fine), ¢ 1enbio UCCIeA0BAHUS
CETOYHOU CXOJUMOCTH;
5. JleMOHCTpamus pa3IMYHbIX YHCICHHBIX CXEM Ha MPUMepe TeCTOBbIX 3ajay;
6. JleMoHCTpalus napauieIbHbIX PACYETOB TECTOBBIX 3a/1a4 Ha MEPCOHAIBHOM KOMIBIOTEPE
U BBIYHMCIIMTEIHHOM KJIACTEpE;
7. Ananu3 pe3ynbTatoB pacyeToB. O6paboTKa pe3yabTaToB B BHJie TpaduKOB, TaOIUIL, MOIeH
UCKOMBIX nlepeMeHHbIX nocTtnpoueccopoM ANES u makerom ParaView;
8. Pemenue TecroBoii 3agauun kojgoM OpenFOAM;
9. Bei60op MakporepeMeHHBIX HHIUBHIyalbHbIX 3aa4u. OnrcaHue TpaHUYHBIX YCIOBHIA
HCKOMBIX TIEPEMEHHBIX B MPOEKTE 3a/1a4H.

3.4. Tembl 12a60paTOPHBIX padoT
HE TPETYCMOTPEHO
3.5 KoncyabTanuu

Ipynnoevie koncyremayuu no pazoeaam oucyuniunsl (I°'K)

=

OO6cyxeHre MaTepuaioB Mo Keiicam pasaena "Beenenue"

2. OOcyxkIeHHe MaTepHalioB IO KeiicaM paszenia "DTarbl pelieHus MPUKIAJIHON 3a1adu C

ncnoab3zoBanneM CFD komoB"

OO6cyxnenre MaTepualioB 1o keiicam pazzaena "l[lepBoe 3HakoMcTBO ¢ kKogqom ANES"

OO6cyxneHue marepuaioB Mo kedcam paszaena "d-mepemeHHble. PacdyeTrHass o00sacTb.

I'pannunble ycnoBus"

5. OOcyxaeHne MaTepuasloB MO Kelcam pasgena "OyHKIHMOHAJIbHOE HAMOJHEHHE Koja
ANES"

6. OOcyxaeHue MaTepuasoB Mo Kelicam pazzena "CeTku KOHTpOIbHBIX 00beMoB MKO"

7. OOcyxneHue maTepualioB Mo Keiicam paszaena "J[MCKpeTHbIE ypaBHEHHS M METOMBI MX
pemenns”

8. OOcyxaeHne MaTepralioB 1o KeicaM pazjena "[lapamiensHbie BraucieHus"

9. OO6cyxaeHue MaTepHuasoB Mo Kelicam pazzaena "O6paboTka pe3yabTaToB pacyeToB"

10. O6cyxnenne marepuanoB 1o keiicam pazzaena "OTkpeiThiii kog OpenFOAM"

Hw

3.6 TemaTnka KypcoBbIX POEKTOB/KYPCOBBIX padoT
KypcoBoii mpoekT/ paboTa He MPEAyCMOTPEHBI

10



3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEHIIU

Howmep paznena quciuniauas (B

OHCHO‘IHOC CpEaACTBO

3amyiaHupOBaHHbIE PE3YAbTAaThl 00YUYEHUS 110 JUCLUILUINHE Konbr
P (B COOI”)FBC}”,[CTBI/II/I c péi;L,IZ[eJIOM 1) o I/IH,Z[I/IK;[TOPOB COOTBETCTBMM ¢ 11.3.1) (Tun u
1]/2[3[]4]5][6]7]8]9]10 HAaMMEHOBAHHe)
3HaTh:
ApXUTEKTYpY, OCHOBHOE (YHKIIMOHAJIHLHOE HATIOJHEHHE, WNHauBuyanbHbINA
MaTeMaTHYeCKUEe MOAEIH U IPUHIHIIBI paboThl COBPEMEHHBIX W-1nica + + npoekt/KM-1
KOMITBIOTEPHBIX KOJOB JJI1 MOAEIIUPOBAHUS ITPOLIECCOB
TEPMOTHJIPABIUKH B DHEPTETUUYECKUX YCTAHOBKAX;
Tunsl ceTok KOHTPOIBHBIX 00beMOB MeToa MKO 1 npuHIUIIBI V-1 P WNHnuBuayanbHbIi
UX TIOCTPOECHUS ] npoexT/KM-2
BusyanbHbie criocoObl MpeCcTaBlIeHUs Pe3yIbTaTOB PacueToOB WNunuBuayanbHbIi
W/I-1nka + | +
npoexT/KM-4
Dtarbl peleHus MPUKIaIHoN 3a1aun ¢ nomoiisio CFD komoB NuauBunyanbHbIA
WI-1nk-1 +
npoekT/KM-1
Mertoibl peleHust TUCKPETHBIX YPABHEHU C UCTI0JIb30BAHUEM W1k + |+ NuauBuyanbHbI
WUTEPAMOHHBIX AJITOPUTMOB npoekt/KM-3
Ymersb:
YMmeTh 00pabaThiBaTh pe3yabTaThl PACYETOB C TOMOIIBIO WNHnuBuayanbHbINA
: WI-1nka + | +
noctipoueccopoB ANES u ParaView npoext/KM-4
[IpoBoauTh pacyeTs ¢ ucnosb3zoBanueM Komnuisaropa u V-l P WNHnuBuayanbHbINA
Pemarens xoma ANES i npoekt/KM-2
CTpouTh CTPYKTYPUPOBAHHBIE U HECTPYKTYPUPOBAHHBIE CETKHU V-l w1y WNHnuBuayanbHbINA
koga ANES ] npoexT/KM-3
[IpuBectu onucanue cBoel 3a/1a4yi K MaTeMaTUYECKUM V-l + WNHnuBuayanbHbINA
moxensam koma ANES i npoekT/KM-1
UcnonszoBats makponepemennbie ANES st onncanms W1 R NuauBunyanbHbINA
MaTEeMaTHUYECKOM MOCTAHOBKH 3a1a4l ] npoexkt/KM-1
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
1 cemecTp

dopma peanusanuu: 3amura 3a aHus
1. KM-4 (MuauBuiyalibHBINA TPOEKT)

®opma peanuzarn: OOMeH 3JIEKTPOHHBIMU TIOKyMEHTaMU
1. KM-1 (MuauButyalibHBINA TPOEKT)
2. KM-2 (MaauBuiyaIbHBINA TTPOEKT)
3. KM-3 (MnauBuAYyalbHBIN IPOEKT)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 Ilpome:KyTOYHAS aTTeCTALMS 10 JUCHUIIMHE

Oxzamen (Cemecmp Nel)
Ouenka ompenensieTcsi B cOOTBETCTBUU ¢ [lonoxkeHneM o OaIbHO-PEUTHHTOBOM CHUCTEME ISt
crynentoB HY "MD" Ha ocHOBaHMU CEMECTPOBOM U aTTECTALlMOHHOM COCTABIISIOMIMX.

B numiom BeIcTaBIsieTcs omieHKa 3a 1 cemectp.

IIpumeuyanue: OueHOYHbIE MAaTEpUAIbI 110 TUCLMITIIMHE IPUBEICHBI B (DOHIE OLIEHOYHBIX
matepuaios OITOII.

5. YYEBHO-METOANMYECKOE OBECIIEYHEHUE JUCIUIIJINHbI

5.1 IleyaTHbIE H 3JIEKTPOHHbIE H3IAHNS

1. Poyu, I1. BeruucnurensHas ruipoguHaMuka : nep. ¢ anri. / I1. Poya . — M. : Mup, 1980 . — 616
c.;

2. Iarankap, C. B. UncneHHoe MeTO/IbI pelIeHue 3a/1a4 TeII000MEHa M TUHAMUKH KUJIKOCTH :
niep. ¢ anri. / C. B. Ilatankap . — M. : Dueproaromusaar, 1984 . — 150 c.;

3. "MonenupoBanue B mporpaMmHoM nakere openfoam. I[Ipaktukym", U3natenscrso: "baml V",
VYa, 2020 - (28 c.)

https://e.lanbook.com/book/179925.

5.2 JIuueH3noHHOE ¥ CBOOOIHO PAaCPOCTPaHseMoO€e MPOrpaMMHOe odecreyeHme:
1. Office / Poccuiickuii maket ohUCHBIX IPOrpamm;

2. Windows / OriepaniionHasi cucreMa cemeiictsa Linux;

3. ANES;

4. OpenFOAM;

5. ParaView.

5.3 UuTepHeT-pecypcesl, BKJIIOYas NPodecCHOHAIbHBIE 0a3bI JaHHBIX 1 HH()OPMAILIHOHHO-
CIIPaBOYHBIC CUCTEMBI:

1. 9BC Jlaus - https://e.lanbook.com/

2. 9BC "YHuBepcurerckas 6udJanoTexa oHiaiiH" -
http://biblioclub.ru/index.php?page=main_ub_red
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3. Hayunasi ssiekTponHas oubauoreka - https://elibrary.ru/
4. dnexkTponHas oudmoreka MOU (b MOM) - http://elib.mpei.ru/login.php
5. Undopmanmonno-cnpaBounas cucrema «Koxexc/TexakcnepT» - Http:\\proinfosoft.ru;

http://docs.cntd.ru/

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun noMemeHunst Homep aynuropun, OcHanenue
HAaMMECHOBaAHUEC
Y4eOHbIC ayAUTOPUH IS K-120, MamuHHbIA cepBep, KOHAUIMOHEP
MPOBEAEHUS JEKIIUOHHBIX 3an MBI]
3aHSATUM U TEKYIIETO T-417, Yuebnas CTOJI MPEeMnoiaBatTessi, CTOJ y4eOHbI|, CTYIL,
KOHTPOJIA ayIUTOpHUs mKad, KOMIBIOTEPHAS CETh C BBIXOJIOM B

HuTepHeT, MyJIbTUMEIUINHBIN TPOCKTOP,
JIOCKa MapKepHasi, KOMIIbIOTED
MIePCOHAIbHBIN

Y4eOHbIC ayAUTOPHH IS

T-412, YucOuas

CTOJI TIPEIOIaBaTesl, CTOJ yU4eOHBIH, CTYII,

MPOBEACHUS TPAKTUYECKUX naboparopus KOMITbIOTEPHAs CETh C BBIXOJOM B
3ansatuil, KP u KII BBIYMCIIATEIIBHOMN HuTepHet, nocka MapKepHasi, KOMIbIOTED
TEXHUKU NIEPCOHAJIbHBIN
Y4eOHbIC ayAUTOPHH TS T-412, Yuebnas CTOJI TIPEIOIaBaTesl, CTOJI yU4eOHBIH, CTYII,
MPOBEJCHUS J1a00PATOPHBIX naboparopus KOMITbIOTEPHAs CETh C BBIXOJOM B
3aHATHI BBIYMCIIATEIIBHOMN HuTepHet, nocka MapKepHasi, KOMIbIOTED
TEXHUKU NIEPCOHAJIbHBIN
Y4eOHbIC ayAUTOPHH IS T-417, Yuebnas CTOJI TPEIO0IaBaTelsl, CTOJ y4eOHBIH, CTYII,
MIPOBEACHUS ayIUTOpUs mkad, KOMIbIOTEPHAs CETh C BHIXOJOM B
IIPOMEKYTOUHOU HHTepHeT, MyJIbTUMEIUUHBINA IPOEKTOP,
aTTecTaluu JIOCKa MapKepHasi, KOMIIbIOTED

MIEPCOHAJIbHBIN

ITomentenus mis

T-412, YucOnas

CTOJI Tperno/iaBaTesi, CTON y4eOHbI|, CTYII,

CaMOCTOSATEIILHON PabOThI nmabopaTopus KOMITHIOTEPHAs CETh C BBIXOJIOM B
BBIYHCIIUTEIIBHOMN HNHutepHert, 10cka MapKepHasi, KOMIbIOTEP
TEXHUKHU NIEPCOHAJIBHBIN
ITomemenus s T-205, YucOnas CTOJI Tperno/iaBaTesi, CTON y4eOHbI|, CTYII,
KOHCYJIbTUPOBAHMS ayJIUTOPUS mkad, 1ocka MapKkepHas
[Tomernenust 1J1st XpaHeHUs T-213, ITogcobnoe
o0opynoBaHus U y4eOHOTO MOMEIleHUE

HWHBCHTAPA
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KomMmbroTepHble KOJbI ISl pacueTa TeIUIOrHAPaBINYECKUX POIIECCOB B
AHEPTreTUYECKOM 000PYI0BaHUU

IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

(Ha3BaHME AUCIMILIMHBI)

1 cemecTp

IlepeyeHb KOHTPOJIbHBIX MEPONPUATHII TEKYIIIEr0 KOHTPOJS YCIIeBAeMOCTH 110 JHCIUIIIHHE:
KM-1 KM-1 (UHnuBuayanbHBIN MPOEKT)
KM-2 KM-2 (MuauBuayaabHBIN IPOEKT)
KM-3 KM-3 (MHnuBuayanbHBIN MPOEKT)
KM-4 KM-4 (MaauBuayalibHbII IPOEKT)

Bujx npome:xyTo4HOI aTTecTanu — JK3aMeH.

WNnpnexc KM- | KM- | KM- | KM-
Howep Paznen aucuumuimabl KM: L 2 3 4
paznena AT AER Henens 5 8 12 16
KM:

1 Bsenenue
11 Beenenue +

2 Oranbl pelieHns MPUKIAIHOMN 3a/1a4i C UCIIO0JIb30BAHUEM

CFD konoB

21 OraIsl peleHns NPUKIAIHOMN 3a1a4i C UCIIO0JIb30BAHUEM +

' CFD komoB

3 [TepBoe 3HakOoMcTBO ¢ KojqoM ANES
3.1 ITepBoe 3nakoMcTBO ¢ kogoM ANES +

4 ®-nepemenHsle. PacueTHast o6nacTb. I'paHnyHbIe

yCIIOBUS

4.1 ®-nepeMeHHbIE +
4.2 Pacuetnas ob6nacthb +
4.3 I'pannuHbIe ycioBuUs +

5 OyHKIKMOHATBHOE HanoaHeHue koga ANES
51 OyHKIKMOHANBHOE HanoJaHeHue koga ANES +

6 CeTk# KOHTPOJIBHBIX 00beMOB MKO
6.1 CeTku KOHTPOJIBHBIX 00beMOB MKO +
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JIucKpeTHbIE YpaBHEHMS U METO/IbI UX PEIICHUS

7.1 JIucKkpeTHbIe ypaBHEHMS U METO/IbI UX PEIICHUS +
8 [TapannenbHble BEIYUCICHUS

8.1 [TapanienbHbIC BRIYACICHUS +
9 O06paboTka pe3yIbTaTOB pacueTOB

9.1 O6paboTka pe3ybTaTOB pacueTOB +
10 OTtkpeiThiil K01 OpenFOAM

10.1 | Otkperitsiit kox OpenFOAM +

Bec KM, %: | 20 30 30 20
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