MuHucTepcTBO HayKH U BhICIIEro oOpa3oBanus Poccuiickoil Ddexepaunn
HAIIMOHAJIbHBIN NCCJIENOBATEJIbCKHN
TOMCKUU I'OCYAAPCTBEHHbBIM YHUBEPCUTET (HU TT'Y)

DUBHKO-TEXHUYECKUHA PaKyITbTET

YTBEPXEHO:
Jexan
IO.H. Prokux

Paboyas mporpamma AMCHUTUTMHEI
ITakeThl NPUKIAIHBIX IPOrPAMM
110 HAlIpPpaBJICHUTO MOATOTOBKHU
24.04.03 banucTUKa U THAPOA3POANHAMHUKA

Hanpasnennocts (mpoduib) MOArOTOBKH:
BannucTuka pakeTHO-CTBOJIbLHBIX CHCTEM

®dopma 00yueHus
Ounas

KBanmuduxarnms
Maructp

I'on mpuema
2023

COI'JTACOBAHO:
PykoBonurens OITIOII
K.C. Poraes

[Ipencenarens YMK
B.A. Cxpunssk

Tomck — 2023



1. Hesb 1 n1aHupyeMble pe3yJbTAaThbl 0CBOCHHS IMCHHIJIHHbI

[{enpro OCBOEHUS TUCHIUTIINHBI SBISETCS POPMUPOBAHUE CIEAYIOMUX KOMITETECHITUH:

OIIK-1 CnocobGeH caMOCTOSITEIBHO TMpUOOpeTaTh, pa3BUBaTh H  MPUMEHSITH
MaTeMaTHYeCKUe, ECTECTBEHHOHAYYHBIC, COIMAIBHO-DKOHOMUYECKHE M TMPOodecCHOHAThHBIC
3HAHMS JJIs PEIICHUs] HECTaHIapTHBIX 3aJ]1ad, B TOM YHCJIe B HOBOW MJIM HE3HAKOMOW Cpesic U B
MEXAUCIUTUIMHAPHOM KOHTEKCTE.

OIIK-6 CrnocobeH pa3pabaThiBaTh W HUCIIOJIL30BaTh HOBBIC MOJIXOJbI M1 METOMBI pacdeTa
00BEKTOB PAKETHO-KOCMHUYECKON TEXHUKUA C YYETOM a’POJAMHAMHUYECKUX M OaITUCTHUECKHX
napameTpoOB.

Pesynbraramu 0CBOEHUSI AUCIUIUIMHBI SIBIISIOTCS CIEAYIONINE UHAUKATOPHI TOCTHUKEHUS
KOMIIETECHITNH:

HMOIIK 1.1 3HaTh OCHOBHBIEC ITOJIOKCHHS MaTEMAaTHKH, €CTECTBEHHBIX M COLMAJILHO-
SKOHOMUYECKHUX HAyK

NOIIK 1.2 VYMerp pa3BuBaTh IOJIyYEHHBIE 3HAHUS M HPUMEHSTh UX IS PELICHUS
HECTaHJAPTHBIX 3aJ1a4.

NOIIK 1.3 Brnagets criocobamu afanTaiii K paboTe B HOBOU cpe/ie.

HOIIK 6.1 3naTh IepeoBbIe METOBI pacdeTa 00bEKTOB PaKETHO-KOCMHYECKON TEXHUKHU
C YYETOM a’pOIMHAMUYECKUX U OAILTUCTHUECKUX TApaAMETPOB

HOIIK 6.2 YMmets pa3pabaTsiBaTh M UCIOJIB30BATh HOBBIE MOAXOABI U METOIBI pacyeTa
00BEKTOB PAKETHO-KOCMHUYECKON TEXHUKUA C YYETOM adPOJAMHAMHUUYECKUX M OaTUCTHUYECKHX
napameTpoB

NOIIK 6.3 BnageTs HaBBIKAMH aHAIN3a BIUSHUS adPOAMHAMHYECKUAX U OAJUTUCTUYECKUX
napamMeTpOB Ha XapaKTEPUCTUKH 0OHEKTOB PAKETHO-KOCMUYECKON TEXHUKHU

2.3ana4m 0CBOCHUA TUCHHUIIMHBI

— OcBOUTH MAKETHI MPUKIIATHBIX TPOTPAMM C OTKPBITBIM HCXOAHBIM Kos1oM B OC Linux.

— Hay4uThcst BRITOJHATH TOCTPOCHUE TBEPIOTEIBHBIX MOJIENei B akere Salome.

— Hay4uThbcsi BBIMOTHATH MMOCTPOCHUE PACUETHON CETKH B TTakeTe Salome.

— HayuuTbcsi BBINOJMHATh MOCTPOCHUE PACUETHOM CETKH C MCHOJb30BAHUEM YTHIIUT
blockMesh u snappyHexMesh B makere OpenFOAM.

— Hayuutbcst npuMeHsATs yTunuTel n pemarenu nakera OpenFOAM s pemeHus
MPUKIAIHBIX 33/1a4.

— Hayunthcst  oOpabaTbiBaTh U BU3YQIM3WPOBATh  PE3yNbTAaThl  PacdeToB  C
UCIIOJIb30BaHueEM nakeTa ParaView.

3. MecTo TUCUMILIMHBI B CTPYKTYpe 00pa30BaTeIbHON NMPOrpaMmbl

Jucuumimza otHocuted K biioky 1 «/luciuruinael (Moynn).

JlucrumnianHa OTHOCUTCS K 00s3aTeIbHON YacTH 00pa30BaTeIbHOM MPOrPaMMBbI.

4. Cemectp(b1) ocBOeHNs U opMa(bl) IPOMEKYTOUHON ATTECTANNH MO TUCHMUILINHE

[TepBoIii ceMecTp, 3a4€T C OLICHKOU

5. BxoaHble TpeOOBaHMs AJIs1 OCBOCHHS IMCUUILIUHbBI

JIy1sl yCIienHoro OCBOCHHS TUCIUIUIMHBI TPEOYIOTCS KOMIIETSHITUU, ChOPMHUPOBAHHBIE B
XO0JIe OCBOEHHsI 00pa30BaTEIbHBIX IPOTPaMM MPEIIECTBYIOLIETO YPOBHs 00pa30BaHuUs.

6. SI3bIK peasm3anuu

Pycckuin



7. O0LeM TUCHUIIIHHEI

OO0mast TpyA0eMKOCTh TUCHHUTUIHHBI COCTABISIET 4 3.¢., 144 4acoB, U3 KOTOPHIX:
-JIEKIUN: 24 4.

-IPAaKTUYECKUE 3aHATUSA: 24 4.

O0BeM caMoCTOATETLHON PaOOTHI CTYICHTA ONPEEIICH YICOHBIM TIJIAHOM.

8. Coaepixkanue TUCHUILVINHBI, CTPYKTYPHPOBaHHOE 110 TeMaM

Tema 1. Hactpolika okpyx’eHust
3HAKOMCTBO ¢ KOMaHJHOW cTpokoi Linux. YcranoBka makeroB OpenFOAM, Salome u
ParaView.

Tema 2. Salome Geometry
3nHakomMcTBO ¢ MoxyineM Geometry makera Salome. V3ydeHue HMHCTPYMEHTOB JUISI
MIOCTPOCHHS TBEPIOTEIBHBIX TPEXMEPHBIX MOJICIICH.

Tema 3. Salome Mesh
3HakoMcTBO C MoxayieM Mesh makera Salome. M3yueHue WHCTPYMEHTOB ISt
HOCTPOEHHSI PACYETHBIX CETOK — FeKCadIPATBbHBIX U TETPadIPATbHBIX.

Tewma 4. icoFoam OpenFOAM
3HaKOMCTBO co cTpyKTypoil nakera OpenFOAM. 3anycku TecToBbIX 3a71a4. [locTpoenue
pacueTHo# obmactu B Salome u ee uMmopTupoBanue B keric 3amaun OpenFOAM.

Tewma 5. damBreak OpenFOAM u Salome

Hanmcanue ckpunra Python mis aBromMatn3npoBaHHOTO CO3MaHMS pacueTHON 00jacTu u
cetkn B Salome. VccienoBanue Ha CETOYHYIO CXOJIMMOCTH 3aJadd, Ha TIpUMeEpe ABYX (a3HOU
3a/1a4m — najieHue cToiba Boabl. Pacmapannenusanue 3anaun B OpenFOAM.

Tema 6. hopper OpenFOAM
JlarpanxeB TpaeKTOpHBIM MOAX0A. Pemenne 3a1auu NeCOYHbIX YaCOB C UCIOIb30BAHUEM
Salome u OpenFOAM.

Tema 7. blockMesh OpenFOAM noposxka Kapmana
Nzyuenue yrunutsl blockMesh. Pemenune 3anaun BuxpeBoit nopoxxku Kapmana.

Tewma 8. rhoPimpleFoam OpenFOAM coruto u cTpys
IIpumep pemieHus 3agadyd ra3oBOM JUHAMUKH, TE€YEHUE ra3a B COILUIE U CTpye B
OCECHMMMETPUYHOMN MTOCTAHOBKE.

Tema 9. motorBike OpenFOAM simpleFoam
Nzyuenune yrunutel snappyHexMesh. [Ipumep perienust TpexmepHoi 3a1aun 00TeKaHUs
MOTOLMKIIUCTA.

Tema 10. snappyHexMesh OpenFOAM
[TIpumenenne ytwiuThl snappyHexMesh s aBTOMaTtM3MpOBaHHOW — IMOCTpPOUKE
reKcaspaibHOM pacueTHOM ceTKHU /s MPOU3BONIBHBIX TBepAbIX Tell. Hanucanue bash ckpunTos.

9. Tekymuii KOHTPOJIb O TUCHUIINHE

Texkymuil KOHTpOJb IO AUCLUIUIMHE MPOBOAUTCS IyTEM KOHTPOJIA IMOCEUIAEMOCTH,
BBITIOJIHEHUS JTOMAIIHUX 3aJaHuid, U (ukcupyercs B (popMe KOHTPOJIBHOH TOUKH HE MEHee
OJIHOTO pasa B CEMECTP.



OueHouHble MaTepUajabl TEKYIIEro KOHTPOJA pa3MelleHsl Ha caiite TI'Y B pasnene
«Mudopmanust 06 oOpasoBaTenbHOM mporpamme» - https://www.tsu.ru/sveden/education/eduop/.

10. Ilopsizok mpoBeeHUsI U KPUTEPUH OLEHUBAHUS MPOMEKYTOYHOM aTTeCTAIUU

3aueT ¢ OLIEHKOM B IEPBOM CEMECTpPE IPOBOAMTCA B BUAE TecTa. TecT coxepxur 10
BOIIPOCOB.

OreHOUHBIE MaTepUaNbl Ui MPOBEACHHUS MPOMEXYTOUYHOW aTTECTAllMM Pa3MELIeHbl Ha
cante TI'Y B paspmene «Mudopmanus o0  oOpa3oBaTeNbHOM  TporpamMme» -
https://www.tsu.ru/sveden/education/eduop/.

11. YyeOHO-MeTOAMYECKOE 00€ecIIeueHHue

a) DIEeKTPOHHBIN y4eOHBIH Kypc TO JUCIUIUIMHE B OJCKTPOHHOM YHUBEPCHUTETE
«Moodle» - https://moodle.tsu.ru/course/view.php?i1d=32737

0) OrieHOYHBIE MaTepHallbl TEKYMIEro KOHTPOJIS M MPOMEXKYTOYHOW aTTecTalul IIo
JUCIIUIUINHE.

12. Ilepevyenn y4yeOHOM auTepaTypsl U pecypcos cetu UHTEepHeT

a) OCHOBHas JUTEpaTypa:

— Toro E. F. Riemann solvers and numerical methods for fluid dynamics / E. F. Toro. —
Berlin: Springer-Verlag, 2009. — 724 p.

— Roos Launchbury D. Unsteady Turbulent Flow Modelling and Applications / D. Roos
Launchbury. — Berlin: Springer Vieweg, 2016. — 84 p.

—ITanrakap C. UwuclieHHbIE METONBI pEMICHUS 3a7ad TeIIoo0OMEHa W JAWHAMHKHU
)KuakocTy : miep. ¢ anri. / C. [laatakap. — M.: Dueproaromusaar, 1984. — 152 c.

— JlotinsHckuit JI. I'. MexaHuKa ®HUAKOCTH U Ta3a : yuel. 1 By30B : 7-e u3j., ucnp. / JL.
I'. Jlowtmsackmid. — M.: JIpoda, 2003. — 840 c.

— A6pamosuu I'. H. Ilpuxnagnas razoBas niuHamuka : B 2 4. : y4e0. pyKOBOJCTBO IS
BTY30B : 5-€. u3j., nepepad. u gom. / I'. H. AbpamoBuu. — M.: Hayxka. I'n. pen. ¢us.-mar. jaurt.,
1991.-4.1-600 c.

— Crpayctpyn b. SA3b1k nporpammupoBanus Cu++ : HayuyHoe uzganue / b. Ctpaycrpyn ;
nep. ¢ auri.: M. I'. ITuronkun, B. A. SlHunkwuii. - M. : Paauo u cBa3p, 1991. - 348 c.

— Hemutrorun C. A. DddextuBnas padora: UNIX / Cepreit Hemntorun, Muxawnn Yaynus,
Annpeii Komonkwus. - CII6. [u np.] : utep [u ap.], 2003. - 682 c.

— Kypstumit I'. Onepanmonnas cuctema Linux. Kypc nekmuii. Yue6Hnoe mocobue / T
Kypsunii, K. Macnunckuii. - M: JIMK Ilpecc, 2016. - 510 c.

0) JOMOJHUTENbHAS TUTEPATYPA:

— Jlagmay JI.J., Jludbmun E.M. Teopernueckas duzuka. T.VI. 'mnponunamuka. — M.:
Hayxa, 1988. — 736c.

— Jasak H. Error analysis and estimation in the Finite Volume method with applications to
fluid flows : PhD Thesis / H. Jasak. — London: University of London, 1996. — 394 p.

—Kosenst B. M. MeToapl KOHEUHBIX Pa3HOCTEH W KOHEYHBIX OOBEMOB [JISi pPEIICHUS
3aJad MareMaTuuecko ¢usmku : yue6. mocobme / B. M. Kosens, /[. B. YupkoB. —
Hosocubupck: HI'Y Mex.-mart. dak., 2013. — 86 c.

—CMmupaoB E. M. Meron KOHEYHBIX OOBEMOB B TMPHIOKEHUAX K 3a1adam
TUAPOTa30MHAMUKH U TEII000MeHa B o0nacTsax cioxxkHou reomerpun / E. M. Cmupnos, 1. K.
3aiinieB // Hayuno-texaudeckue Beqomoctu. — 2004, — Ne2. — C. 1-22.

— Ferziger J. H. Computational methods for fluid dynamics / J. H. Ferziger, M. Peric. —
Berlin: Springer-Verlag, 1996. — 356 p.

— Jlxxonc P. IIporpammupyem Ha CU / Ilep. ¢ anrn. u npeauca. M. JI. CanpaukoBsa, O.
B. CanpuukoBoii. - M. : OHUTH, Komnstotep, 1994. - 236 c.


https://lms.tsu.ru/course/view.php?id=32737

—Ilerepcen P. Dumukmoneauss Linux : [PykoBoactBo : Ilep. ¢ anrm. | / Puuapn
[TerepceH. - 4-e uzn. - CI16. u ap. : [Turep : BHV, 2002. - 1004 c.

— Moukalled F. The Finite Volume Method in Computational Fluid Dynamics / F.
Moukalled, L. Mangani, M. Darwish. — Berlin: Springer International Publishing, 2015. — 791 p.

B) pecypchl cetu HTEpHET:

— Odummanereiii caidT The OpenFOAM Foundation - http://openfoam.org
— O¢dunmanshsrii caiit The OpenFOAM Foundation - http://openfoam.com
— Odunmanbupiii caidT ParaView - https://www.paraview.org/

— Odunnmanbuelii caift Salome - https://www.salome-platform.org/

— Odummanpusiii cait OC Ubuntu - https://ubuntu.com/

— He odpunnanshas crpanuna wiki OpenFOAM - https://openfoamwiki.net/
— I'pynma OpenFOAM B BK - https://vk.com/openfoam

— Ownmnaiin cepsuc o CFD - https://www.cfd-online.com/

13. Ilepeyenb HHGPOPMANMOHHBIX TEXHOJIOTHH

a) JIMLIEH3UOHHOE U CBOOOIHO pacHpOCTpaHsIeMoe IPOrpaMMHOE 0OecrieueHue:
— OC Linux Ubuntu;

— OpenFOAM;

— ParaView;

— Salome;

— GnuPlot;

— MyOJIMYHO TOCTYTHBIE 00IayHble TexHosoruu (Sourceforge).

0) UH(POPMAIIMOHHBIE CIIPABOYHBIC CHCTEMBI:

— DNEeKTpOHHBIN KaTajuor Hayunoit O6ubnmorexu Ty —
http://chamo.lib.tsu.ru/search/query?locale=ru&theme=system
— DIIeKTpOHHAas oubnuoreka (pemo3uTopwuii) Ty —

http://vital.lib.tsu.ru/vital/access/manager/Index
— OBC Jlaus — http://e.lanbook.com/
— OBC KoncynbraHT cTtynenTta — http://www.studentlibrary.ru/
— OOpazoBarenbHas matdgopma KOpaiit — https://urait.ru/
— 3BC ZNANIUM.com — https://znanium.com/
— OBC IPRbooks — http://www.iprbookshop.ru/

14. MarepuajJibHO-TeXHHYECKOe OOecreyeHue

Ayautopuu Juisi IPOBEIEHUS 3aHATUMN JIEKIIMOHHOI'O THIIA.

AyauTopun 11 TIPOBEACHHS 3aHATHH CEMHHAPCKOTO THMA, HWHIAMBUIYAJIbHBIX |
IPYIIIOBBIX KOHCYJIBTAlUN, TEKYIEr0 KOHTPOJI U IPOMEKYTOYHON aTTECTALlUU.

[TomereHust a1 CaMOCTOSTENbHONW PaOOThI, OCHAIIIEHHBIE KOMIBIOTEPHON TEXHUKOW U
JOCTYTIOM K ceTh VIHTepHeT, B 3JIEKTPOHHYIO MH(OPMAIIMOHHO-00pa30BaTEeIbHYIO Cpely U K
MH()OPMAITMOHHBIM CIIPABOYHBIM CHCTEMaM.

15. Undopmanus o paspadoTunkax

KarenoB Amnyap MamkaHoBu4, KaHAWAAT (PU3NKO-MAaTEeMAaTHUYECKUX HayK, Kadempa
NPUKIIAJAHON aspoMexaHuKi PU3UKO-TEXHUIECKOTO (PaKyIbTeTa, JOLEHT.
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