o JUCHMUIIJIMHE:

0 HANIPABJICHUIO:

degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
2IPOKOCMHYECKUX TEXHOJIOTHIi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

MaremaTuueckoe MOIC/IMPOBAHUEC B PAKCTHBIX ABUTATCIIAX U OHEPICTUUCCKUX

YCTaHOBKax
Texanueckas Qpusnka

IIpO(l)I(IJIb MnoATrOTOBKMU: Texauueckas (I)I/I3I/IKa KOCMHUYCCKUX JICTATCIIbHBIX allllapaTOB

KYpC:
KBaJupuKaAnus:

dusTex-urkona A3pokocMuueckux TexHomoruit
Kaepa TEIrI0OBBIX MPOIECCOB
1

MarucTp

Cemectpbl, (hopMBI IPOMEKYTOUHON aTTECTALMH:

1 (ocennuit) - 3ayet

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

AynutopHbIx yacoB: 60 Bcero, B TOM YHCIIE:
nekuuu: 15 gac.
ceMuHapbl: 45 vac.
naboparopHsbie 3ansaTus: 0 Jac.

CamocrositensHas pabora: 30 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: W.B. Jlanites, xaHa. ¢pu3.-MaT. HAyK

[Iporpamma obcyxneHa Ha 3aceqanuu Kadenpsl TeroBbix npoueccos 04.06.2020



AHHOTANMA
Kypc "Maremarudeckoe MOJSTUPOBAaHIE B PAKETHBIX ABHUTATEINISIX U YHEPTETUIECKUX YCTaHOBKAX' OTHOCHUTCS
K BapHaTUBHOMW YacTH 00pa3oBaTellbHOW POTpaMMBbl, U3ydaeTcs Ha 5 Kypce.
W3ydyeHne NaHHOM MUCHUIUIMHBI ONHMPAETCS Ha 3HAHUS, MOJTYYEHHBIC B IMPOIECCE OCBOCHHS IMCIUILIHHBI
"O6mas  ¢usuka", "Maremarnyeckuii aHanm3", "BeramcnurenbHas —wMaremaruka', "YpaBHEHUs
MaTeMaTHu4ecKor Qu3uKu".
Uzyuenne yueOHON AMCHMIUIMHBI HAMpaBJIEHO Ha YIIyOJeHHE M paclupeHne 0a30Boi MpodecCHOHAIbHOM
MOATOTOBKH MarucTpos, JOPMUPOBAHUE COOTBETCTBYIOUIMX KOMIETEHIINH.
B y4eOHOI QuCIUIUIMHE paccMaTpHBAIOTCS OCHOBHBIC BOIPOCH NMPHHIMIIOB W JTAallOB MaTeMaTHYECKOTO
MOZEIMPOBaHUS (U3MUYECKOTO SIBICHHSA, KIAacCU(UKAIMU PAcYETHBIX CETOK M METOAbl HMX OIMCAHMA,
OCHOBHBIC IOJIOKEHUSI KOHEYHO-PA3HOCTHOTO METOAAa M METOJa KOHTPOJBHBIX OObEMOB, OCHOBBI METOIOB
pelleHus] cucTeM anreOpanyecKuX YpaBHEHHH, METOIbI pelleHUS OOBIKHOBEHHBIX UG GEpeHIIHATLHBIX
yYpaBHEHUI, METOJIOB perieHus ypaBHeHU HaBbe-CTokca, METOIBI MOJIEIUPOBAaHUS TYpOYJICHTHBIX TCUCHUH
KHUJKOCTH, OCHOBBI METOJJOB MOJICIIMPOBAHUS CKMMACMbIX TEUEHUH KUIKOCTH.
CTyIeHTBl y3HAIOT HPOTPAMMHO-METOJMYECKHE CpEeICTBAa Ui TeHepaluu, XpaHeHWs W KOHBEpTalluu
pacu€THBIX CETOK pAa3lMYHOrO THIIA, UHMCICHHBIE CXEMbl pELICHHs 3ajad TelioMaccooOMeHa C
UCTIONIb30BaHUEM SI3bIKOB IPOIPAMMHPOBAHUS BBICOKOTO YPOBHS, MPOrPaMMHO-METOJMYECKHE CPEICTBA IS
peILIeHUs] CUCTEM anreOpanvdecKux ypaBHEHUH, HH()OPMAIMOHHBIE TEXHOJIOTHH M KOMITBIOTEPHYIO TEXHUKY
IS TOCTYOKEHHS HEOOXOAMMBIX TEOPETHUECKUX M MPUKIIAJHBIX PE3yJIbTaTOB.

1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

* (opMHUpOBaHME 3HAHUN M MPAKTUUYECCKUX HABBIKOB MAaTEMaTHUECKOI'O MOJCIHUPOBAHUS (HU3MUYECKUX
nipouieccoB B P/ 1 DY ¢ ucnonb30BaHnEM COBPEMEHHBIX METOAOB M CPEJCTB BHIYUCIUTEIHHON THAPO-
ra3olMHAaMUKH.

33]13‘[1/[ JAUCHUIIINHBI

*  J1aTh CTYJEHTaM TEOPETHYECKHE 3HAHHs B OOJACTH YMCIIEHHBIX METONOB PEIICHHs 3ajad T'HIpo-
ra30JIMHaMUKHU ¥ TEIUI00OMEHa MPUMEHUTENHHO K Tiporieccam B PIl u JY;

® Ha NIpuMepax M 3adadax HaydYuTb CTYACHTA NPHUMCHATH COBPCMCHHBIC MCETOIbI BBIYUCIIUTEIbHOMN
ruapoO- ra30AMHAMUKU IJId MaTEMAaTUYCCKOIO0 MOACITIUMPOBAHUA (1)I/I3I/I‘IGCKI/IX ﬁBHeHHfI;

° MNO3HAKOMUTL CTyACHTA C COBPCMCHHBIMH MNPOrpaMMHO-MCTOAUYCCKHUMU CPCACTBAMU
MAaTeMaTU4C€CKOro MOACINPOBAHUS.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5.1 Bnaneer COBPEMEHHBIMU
pacyeTHO-TEOPETUIECKUMH METOJIaMH, METOIaMH
KOMITBIOTEPHOTO MOJEIHPOBAaHUS U CpelaMH pPa3pabOTKU
NPOrPaMMHOTO  OOECIICYCHHUS, NPUMEHSEMBIMH  IIPH
pellIeHun 3a/1ad B cBoel nmpodeccruoHanbHON 00acTu

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTh
COBPEMEHHBIE (PM3UKO-MaTEeMaTHIECKHE METO/IbI
Y METOJIbI UICKYCCTBEHHOTO MHTEIIICKTa JIJIsI
penieHus npoeCcCUOHAIBHBIX 33/1a4,
COCTaBIISITh PAKTHYECKUE PEKOMEH/IAIINH 110
UCIIOJIb30BaHHIO TIOJYYEHHBIX PE3y/IbTaTOB

OIIK-5.2 Bnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJIaMU PEIICHUs, CTI0COO0eH 000CHOBATh 3(h(HEKTHBHOCTH
BBEIOpaHHOTO METO/IA

[IK-2.1 Bnageer coBpeMEHHBIMH (PU3UKO-TEXHUYECKHUMHU
METOlaMHd  TEOPETHYECKOI0 M IKCIEPUMEHTAJIBHOI'O
HCCIIEI0OBaHUS

[1K-2 CriocoGeH caMOCTOATEIIHLHO BEIIIOIHITE
(U3MKO-TEXHUYECKHE HayUHbIE CCIICIOBAHMUS
JUTSL ONITUMU3AIIMN TTapaMeTPOB OOBEKTOB U

TINATTANAANAD A TINTIATIT DADATITIAN ATATTTTANTITT TV 11

[IK-2.2 IIpumensier MeTOAbl MAaTeMaTHYECKOTO aHalu3a U
CTPOUT MaTeMaTHYECKHE MOJENM Uil pelleHus 3aaad
ONITHUMU3AINN




llPUJ-\bU\/UD v YIVIIWVJIDOUDUI1IYIVIVL \/luﬂA(Ll_llﬂDlA ¥1
CHeNHaIbHO pa3paboTaHHBIX
MHCTPYMEHTAJIBHBIX U TPOTPAMMHBIX CPEJICTB

[MK-2.3 CnocobeH caMOCTOSTENFHO IUIAHUPOBATh U
MPOBOJUTH  HUCHBITAHUS HA  PACUCTHO-TEOPETHUECKUX
MOZAEISIX WM OKCIEPHUMEHTAJbHOM O00OpYIOBaHMM C
MPUMEHEHHEM CTaHJAPTHBIX M CHEIHAJIbHO pa3padoTaHHBIX
MHCTPYMEHTAJIBHBIX U (MJIN) IPOTPAaMMHBIX CPEICTB

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUs! 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb:

YMETB:

* [PUHLMIIEI ¥ 3TAIbl MATEMAaTHYECKOTO MOJICIMPOBAHHS (PH3UIECKOTO SIBICHUS,

* KJIacCCU(UKALNIO PACUETHBIX CETOK M METO/BI MX OIMCAHMS;

* OCHOBHBIC ITOJIOKEHHSI KOHEYHO-PA3HOCTHOTO METO/Ia U METOJa KOHTPOJIbHBIX 00BEMOB.
* OCHOBBI METOJIOB PEIICHHS CHCTEM aNreOpandecKuX ypaBHEHHIA;

* METOJbI pelicHus OOLIKHOBEHHBIX U GEpEHITNATBHBIX YPaBHEHHIA,

* MeTONOB peuieHus ypaBHeHuii HaBbe-Ctokca;

* METO/bI MOJICIUPOBAHUS TYPOYICHTHBIX TEUCHUH KHIKOCTH;

* OCHOBBI METOZIOB MOJICITUPOBAHUS C)KUMACMbIX TEUCHHN JKUIKOCTH.

*  WCIOJB30BaTh NPOTrPaMMHO-METOJMYECKUE CPEACTBA Ul T€HEepallld, XpaHCHUS M KOHBEPTAIUU
Pacu€THBIX CETOK PA3JIMYHOTO THIIA;

* peaJn30BBIBATH YHCICHHBIC CXEMbI PELICHUS 3aa4 TeIUIOMAacCOOOMEHa C MCIOJIb30BAHUEM SI3BIKOB
HPOrpaMMHPOBAHUS BEICOKOTO YPOBHS;

*  peanM30BBIBaTh W HCIIOIB30BaTh IMPOTPAMMHO-METOANYECKHUE CPENCTBA JUIS PEIICHUS CHUCTEM
anreOpanyecKuX ypaBHEHUIA;

* Ka4eCTBEHHO U KOJMYECTBEHHO aHAIN3UPOBATH MMOTYYCHHBIN PE3yIbTaThI;

*  5((peKTUBHO HUCIOIB30BaTh HH(POPMALMOHHBIE TEXHOJIOIMHM W KOMIIBIOTEPHYIO TEXHHKY IS
TOCTIKCHUST HEOOXOIMMBIX TEOPETUICCKHUX U TPUKIIAJTHBIX PE3YJIBTAaTOB.

BJIAJIETh:

* HaBBIKAMH OCBOCHHS 0OJIBIIOTO 00beMa HH(opMaIy;

* HaBBIKAMH CaMOCTOSTEIBHOM PabOTHI;

* KYJNBTYpOH peanu3alyy YMCICHHBIX CXeM IIPU PEeLICHUH 3a7a4 TEeIIOMaccooOMeHa;

*  HaBbIKAMU MCIIOJb30BAHUS IPOrPAMMHBIX CPEICTB (B TOM 4YHCJIE CBOOOIHO PaclpOCTpPaHIEMbIX)
CTOPOHHHX aBTOPOB.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM Y4eOHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 [Ipenmer Teopumn MaTeMaTu4ecKoro ) 5 3
MOJEJINPOBAHUS
) [Ipeqmer  BBIUMCIMTENBHOH  THIPO- 3 3 )
ra3o0AMHAMUKA
3 Pacuérnble ceTkn 2 2 2
4 Koneuno-pa3HOCTHBIN METOA 3 3 2
5 MeTon KOHTPOJIBHBIX 00BEMOB 3 3 3
6 Pemenne _ cucteM anreOpanyecKux ) 5 3
ypaBHEHU
7 Mertonsl  pemieHHs ~— OOBIKHOBEHHBIX 6 3
Qg QepeHIanbHbIX YpaBHEHUH
8 Pemenue ypasuenuit HaBpe-Ctokca 6 3




9 Pacuérel Ha  oOmacTsX  CIIOXKHOM 6 3
KoH(urypauuu

10 |MogenupoBanue TypOyJIEHTHBIX TCUCHHM 6 3

1 MogennpoBanue TE€YEHHH C  y4ETOM 6 3
C)KMMaeMOCTH

Nroro yacos 15 45 30

[loaroroska k sK3aMeHy 0 gac.

OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2. CopaepxaHue AUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennwii)

1. Ilpeamer Teopun MaTeMaTHYECKOTO MOAEIUPOBAHUS

MaremaTtudyeckoe MOAEIMPOBAHHE KaK CIIOCO0 omMcaHWs (PU3NYECKOTO SBICHUS. 3aJaudl U IEIH.
Knaccudukanus.

2. IlpenMeT BBIYMCIUTEIBHON THIPO- Fa30AMHAMUKHI

O030p oTkphITBIX U KomMepuecknx CFD mporpamm. JIOCTOMHCTBA M HEJOCTATKH METOMIOB
BBIUMCIIUTENBHON THAPO- Ta30gMHAMUKH. JTalbl CO3JaHUS W CBOWCTBA YHMCIEHHBIX METOIOB
peleHus 3a1ad.

3. PacuéTtHble CETKHA

Knaccuduranumsi. OcHOBHBIE CBOICTBa, JOCTOMHCTBA M HENOCTATKU CTPYKTYPHUPOBAaHHBIX U
HECTPYKTYPHUPOBAHHBIX PAacu€THBIX ceTokK. OcoOeHHOCTH reHepauuu. [ nbpuaHas pacyéTHasi ceTka.
O0630p mporpamm 171l TeHepaluy PacuETHBIX CETOK.

4. KoHEeuHO-pa3HOCTHBIA METO]

OcHoBa Merona. AMNNPOKCHMAaLMsl IEPBOM, BTOPOH M CMEIIAHHBIX MPOU3BOAHBIX. OmHOKH
annpoxcuManuy. AnnpoxkcuMalys FpaHUuHbIX ycinoBull. [IpuMeps! perienus 3anad.

5. MeToj1 KOHTPOJIBHBIX 00BEMOB

3anuce 3aKOHOB COXpAaHEHHWs] B HMHTErpajbHOM QopMe. ANNpoKcMManus MOBEPXHOCTHBIX U
OOBEMHBIX HHTErpaJioB. AIMNPOKCHMANUs TPaHUYHbIX yciaoBuil. YucieHHass cxema pelIeHus
ypaBHEHMS NepeHOca BeNUUnHEL. [Ipumeps! penienus 3aay.

6. Pemienme cuctem anredpanyeckux ypaBHEHHUH

[Ipsmbie metompl. UWtepanmonHsie MeTofapl. CXOOAUMOCTh HUTEPALMOHHBIX MeToAOB. I[Ipumepst
peanu3aliu METOJIOB PEIICHUS CHCTEM alreOpandecKux ypaBHeHUH. VMcmonh3oBaHWE CTOPOHHHX
MIPOTPAMMHBIX CPE/ICTB.

Cemecrtp: 2 (Becennuit)

7. Metojipl perieHrs OOBIKHOBEHHBIX TU(PPEepEHINATBHBIX YPaBHEHUH

Knaccudurkanuss meronos pemenns OHAY. Meroasr Tuna Pynre-KyTTel. MHOrOTOUEUHBIE METO[BI.
SIBHBIE M HEsSBHbIE METOIbl ANIPOKCUMAIMM HECTALMOHAPHOIO YpPAaBHEHMs IIEPEHOCA BEJIMYMHBI.
[Ipumeps! pemenus 3agay.




8. Pemenne ypaBuenuii HaBbe-Ctokca

Cucrtema ypaBHennit HaBbe-CTokca amst BI3KOW HEC)KHMaeMOW XKHUIKOCTU B AU(QepeHIHnaIbHON U
uHTEerpanbHOH (opmax. Beibop pacuérHoit cetku. Metonsl pacuéra pgapieHus. MeToisl THIa
SIMPLE. Pemienue ypaBHeHUH B IEPEMEHHBIX «BUXPb-QYyHKIUS ToKa». [Ipumepsl peienus 3aaay.

9. Pacuétsl Ha 00MaCTIX CIOKHON KOHMUTYpaLUU

Br160p pacu€THOi ceTku U crioco0a JIOKaTU3aliy Y3JI0B CeTKH. BI0YHO-CTPYKTYpHpPOBaHHBIC CETKH.
KoHeuHo-pa3HOCTHBIM METOA B KPUBOJMHEHHBIX KOOpAMHATaX. MeToJ KOHTPOJBHBIX OOBEMOB Ha
pacu€THBIX CeTKax MPOu3BOJILHON GopmMbl. [locTaHOBKA TPAaHUYHBIX yCIIOBHIA.

10. MoaenupoBanue TypOyJIEHTHBIX TEUCHHH

XapaktepucTuku TypOyJIEHTHBIX TeueHHWi. Ycpemnenue mo PeitHonbzacy. TypOylneHTHBIN mepeHoc.
Knaccuueckue tunsl TypOyneHTHbIX TeueHui. [Ipodunb ckopoctd B TypOyJlEHTHOM MOTPaHUYHOM
cioe. TypOymneHTHas BS3KOCTh M METOIbI €€ MOJACIMpOBaHUsS. [ paHWYHBIC YCIOBUSL Ha TBEPIOM
CTeHKe 1 Ha cBOOOAHBIX rpanuiiax. O63o0p meronoB LES, DNS u DES.

11. MogenupoBaHHue TEUYEHUHN C YUETOM CHOKUMAEMOCTHU

OCOOCHHOCTH peIIeHUs] CHCTEMbl YpaBHEHHH JBWXKEHUS CkuMaeMod cpensl. llocraHoBka
IpaHUYHBIX ycnoBui. Pa3peiBel Teuenus. O030p MeTO0B CKBO3HOTO cuéra. Cxembl THIa [0yHOBA.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEIHLHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1.

J. H. Ferziger, M. Peric, Computational Methods for Fluid Dynamics, Springer Verlag Berlin

Heidelberg, 2002

2.
3.

C. Hirsch, Numerical Computation of Internal and External Flows, Elsevier London, 2007.
[Marankap C., UncieHHbIE METO/IBI PELICHHS 33124 TEIUI000MEHA U IMHAMUKH KUIAKOCTH, MOCKkBa

«JHeproaromuzaary, 1984.

4.

T'ogynos C.K. u ap, HucnenHnoe peiieHue MHOTOMEPHBIX 3a/1a4 ra30Boil nuHamMuku. M.: Hayxka,

1976.

5.
6.
7.

®opmanés B.D., Pesuznuko J1.J1., YUucnenusie metonsl, @usmariut, 2004.
[MupymoB V.I., Pocnskos I.C., ['a3oBas nunamuka comnen, M.: Hayka, 1990.
I'mnemanoB A.H., MeTonbl afanTHBHBIX CETOK B 3aja4ax ra3oBoi quHaMuku, @usmariaut, 2000.

JomnonHurensHas aureparypa

1.

Yucnennsie MeTonbl [ Tekct] : yueObHOe mocobue jyist By3oB / V. I. ITupymos; JJomymeno M-Bom

obpazoBanus PO .— M. : [Ipoca, 2004 .— 224 c.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

M

WWWw.paraview.org;

www.cgal.org;

www.hpfem.jku.at/netgen;
www.wias-berlin.de/software/tetgen;
www.cgns.sourceforge.net/ WhatlsCGNS.html;



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

nporpamMmmuoe obecrieuenne: MS Visual Studio 2013, ParaView, boost, Eigen 3.2.2, Tetgen, Netgen,
CGNS.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

VYenemnoe ocBoeHue Kypca «Marematuueckoe MogenupoBanue B P um DY»  Tpelbyer
CaMOCTOSATENIHONH paboThl cTyleHTa. B mporpamme Kypca INpHBEIEHO MHHHMAIbHO HEOOXoanmoe
BpeMmst st pabOoThI CTYZIEHTa HaJl TEMO.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

* YTEHHE U KOHCIIEKTHUPOBAHHUE PEKOMEHIOBAHHOM JINTEPATYPHI,

*  mpopaboTKy y4eOHOTO Marepmana (IO KOHCIIEKTaM JIEKIWH, CEMUHApOB, YU4eOHOW W HaydHOU
JUTEpPaType);

* peanu3anus YUCICHHBIX CXEM PEIIeHUs IPUMEPOB 3a]1ay;

* pelIeHue 3a/1a4 C UCIIOJL30BAHUEM CTOPOHHETO MPOTPAMMHOTO 00CECIICUCHUS;

* TIOATOTOBKY K KOHTPOJBHBIM, CAMOCTOSTEIFHBIM pad0TaM U TeCTaM;

* TEeMaTHYECKHUE JIEKIIUU CTYJICHTOB Ha 33/IaHHYI0 TEMY.

PykoBOACTBO M KOHTPOJIB 3a CAMOCTOSITENLHOW pPabOTO# CTyIEeHTa OCYIISCTBISETCS B pPe3yJIbTare
aHallu3a WMTOTOB KOHTPOJBHBIX, CAMOCTOSITENLHBIX PabOT W TECTOB, a TaKXKe WHAWBUIYATbHBIX
KOHCYJIbTaIUH.

[MokazareneM BiaJeHUs MaTepUANOM CIYXHUT yMEHHWE pemiath 3aaadd. Jias GopMupoBaHUS yMEHHS
MPUMEHATh TEOPETUYECKUE 3HAHUS Ha MPAKTUKE CTYIACHTY HEOOXOIMMO pellaTh KaK MOXKHO OOJIbIIIe
3aj1a4.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
Kaespa TEIrI0BBIX MPOIECCOB

Kypc: 1

KBaJU(PUKAHA: MarucTp

Cemectpbl, HOpMbI IPOMEIKYTOUHON ATTECTAIMH:
1 (ocennuit) - 3ayet

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

PaszpatGoTunk: W.B. Jlantes, kana. ¢pu3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-5.1 Bnaneet COBPEMEHHBIMU
pacyeTHO-TEOPETUIECKUMH METOJIaMH, METOIaMH
KOMITBIOTEPHOTO MOJEIHPOBAaHUS U CcpelaMH pPa3pabOTKU
OPOrPaMMHOTO  OOECIICYCHUS,  NPUMEHSEMBIMH  IIPH
pelleHun 3a/1ad B cBoel nmpodeccruoHanbHON 00IacTu

OIIK-5 CriocobeH ocBanBaTh U IPUMEHSTh
COBPEMEHHBIE (PM3UKO-MaTEeMaTHIECKHE METO/IbI
Y METOJIbI UCKYCCTBEHHOTO MHTEIIICKTa JIJIsI
penieHus NpoeCcCUOHAIBHBIX 33/1a4,

COCTAaBJIATH HNPAKTUYICCKUC PCKOMCHIAIIUHU 10

OIIK-5.2 Bnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
MCTIOJIH30BAHUIO TIOYUYCHHBIX PE3yIbTaTOB

METOJIaMU PEIICHUs, CTII0COO0eH 000CHOBATh 3(h(HEKTHBHOCTH
BBEIOpaHHOTO METO/IA

[IK-2.1 Bnageer coBpeMEHHBIMH (PU3MKO-TEXHUYECKHUMHU
METOlaMU  TEOPETHYECKOI0 M IKCIEPUMEHTAJIBHOI'O
HCCIIEI0OBaHUS

[1K-2 CriocoGeH caMOCTOATEIHLHO BEIIIOIHITE
(U3MKO-TEXHIUYECKHE HayUHBIE HCCIICIOBAHMUS
JUTSL ONITUMU3AIIMN TTapaMeTPOB OOBEKTOB U

[IK-2.2 IIpumensier MeTOAbl MAaTeMaTHYECKOTO aHalu3a U
CTPOUT MaTeMaTHYECKHe MOJENM Uil pelleHus 3aaad
ONTHUMU3AINN

IIPOLIECCOB C MCII0JIb30BAHUEM CTAHJAPTHBIX U
crennaIbHO pa3paboTaHHBIX
HUHCTPYMEHTAJIbHBIX U IIPOIPaMMHBIX CPECTB

[IK-2.3 CnocobeH caMOCTOSTENFHO IUIAHUPOBAaTh U
NPOBOAUTH  HCIBITAaHWA HAa  PacYETHO-TEOPETUYECKHUX
MOJENIIX WM OKCICPUMEHTAJbHOM OOOpYIOBAaHHUU C
MPUMEHEHHEM CTaHJIapTHBIX U CHENHAIBbHO pa3paboTaHHBIX
WHCTPYMEHTAJIBHBIX U (MJIN) IPOrPaMMHBIX CPEICTB

2. Iloka3arein OLleHUBAHUS KOMIIEeTeHITHH

B pesymbrare wu3ydeHus AMCUUILIMHBI «MareMaTHYecKoe MOJCIUPOBAHUE B PAKETHBIX JBHTATENSIX H
SHEPreTHYECKUX YCTaHOBKAX» 00YJatOMIMNCS JOJKEH:

3HATb:

* [PUHLMIIEI ¥ 3TaIbl MATEMaTHYECKOTO MOJICIMPOBAHHS (PH3UYECKOTO SIBICHUS,
* KJIaCCU(UKANNIO PACUETHBIX CETOK M METO/BI MX OIMCAHMS;
* OCHOBHBIC ITOJIOKEHHSI KOHEYHO-Pa3HOCTHOTO METO/IAa U METOJa KOHTPOJIbHBIX 00BEMOB.
* OCHOBBI METOJIOB PEIICHHS CHCTEM aNreOpandecKuX ypaBHEHHIA;
* METOJBI pellcHus OOLIKHOBEHHBIX U PEpEHITNATBHBIX YPaBHEHHIA,
* MeTONOB peuieHus ypaBHeHnit HaBre-CTokca;
* METO/bI MOJICIUPOBAHUS TYPOYICHTHBIX TEUCHUH KHIKOCTH;
* OCHOBBI METOZIOB MOJICITUPOBAHUS CXKUMACMbIX TEUCHHN JKUIKOCTH.
yMeThb:
*  WCIOJB30BaTh NPOTrPaMMHO-METOJMYECKUE CPEACTBA Ul T€HEepallld, XpaHCHUS M KOHBEPTAIUU
Pacu€THBIX CETOK PA3JIMYHOTO THIIA;
* peaJn30BHIBATH YHCICHHBIC CXEMbI PEUICHUS 3aa4 TeIUIOMAacCOOOMEHa C MCIOJIb30BAHUEM SI3BIKOB
HPOrpaMMHPOBAHUS BEICOKOTO YPOBHSI;
*  peanM30BBIBaTh W HCIIOIB30BaTh IMPOTPAMMHO-METOANYECKHUE CPENCTBA JUIS PEHICHUS CHUCTEM
anreOpanyecKuX ypaBHEHUIA;
* Ka4eCTBEHHO M KOJMYECTBEHHO aHAIN3UPOBATH MMOTYYCHHBIN PE3yIbTaThI;

. 3G PEKTUBHO HCIOIB30BaTh HMH(MOPMAIMOHHBIE TEXHOJOTHMM M KOMIIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX Pe3yIbTaToB.
BJIaJeTh:

* HaBBIKAMH OCBOCHHS 0OJIBIIOTO 00beMa HH(opMaIH;

* HaBBIKAMH CaMOCTOSTEIBHOM PabOTHI;

* KYJNBTYpOH peanu3alyy YMCICHHBIX CXeM IPU PEeLICHUH 3a1a4 TEeIIOMaccooOMeHa;

* HaBBIKAMH HCIIOJIb30BAHUSI MPOTPAMMHBIX CPEACTB (B TOM YHCJE CBOOOIHO PaclpoCTPaHIEMBIX)
CTOPOHHHX aBTOPOB.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0




Tekyuuii KOHTPOJIb OCYIIECTBIISICTCS B (hopMe CaMOCTOATENBHBIX pabOT WM TECTOB B NMUCHMEHHOM
(dopme, a Tak ke YCHBIX OIPOCOB MO KaXI0H TeMe.

PyKoBOJICTBO M KOHTpPOJIb 32 CaMOCTOSITENLHOW pabOTOM CTylEHTa OCYIIECTBISIETCS B PE3ybTare
aHallu3a WTOTOB KOHTPOJBHBIX, CAMOCTOSITENIHBIX PabOT M TECTOB, a TakKXe HWHAWBUIYAIbHBIX
KOHCYJIbTalUH.

4. llepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

Arrectanmst mo aucuMiuiiHe «Maremarudeckoe MOJEIMPOBAHUE B PAKETHBIX JBUTATENSAX U
DHEPreTUYeCKUX YCTaHOBKax» ocymiecTBiusieTrcs B (Gopme 3au€ra (oceHHHMH cemecTp) |
nuQQepeHIpoBaHHOTO 3auéTa (BECEHHUI ceMecTp).

[IprMepHBII IEpEYEHb BOIIPOCOB K 3a4€Ty:
1. Knaccudukanus pac4€THBIX CETOK;

2. OcHOBa KOHEYHO-Pa3HOCTHOTO MeETOAa. ATMPOKCHMAlMsi NEpBON, BTOPOH M CMENIaHHBIX
MPOU3BOIHBIX;

MerTon KOHTPOJIBHBIX 00BEMOB. ANMPOKCUMAIIHS TOBEPXHOCTHBIX U O0BEMHBIX HHTETPAJIOB.
[IpsiMble 1 UTEepaOHHBIE METOBI PELICHNUS CUCTEM JIMHEHHBIX alreopanieckux ypaBHEHUI.
Pemenue oObIkHOBeHHBIX AU epeHInaIbHBIX ypaBHEHHH.

Mertonst Tuna SIMPLE pemienust ypaBHennit HaBbe-CTokca 11 BA3KOM HECKHUMAEMON KUIKOCTH.
MopaenupoBanue TypOyaeHTHOCTH. Moznenu TypOyJIeHTHOH BSI3KOCTH.

e

MonenupoBaHuE TEUCHUMN CKUMAEMOM KUIKOCTH.

[TpumepHbIi IepedeHbh KOHTPOIBHBIX 3aJaHUH K TUPPEPEHIUPOBAHHOMY 3a4ETy:

1. Pemuth omHOMEpHOE CTAalMOHAPHOE KOHBEKTUBHO-AU((Y3MOHHOE ypaBHEHUS C TPaHHYHBIMH
ycioBusiMu Jlupuxiie Ha 000MX KOHIIaX pacu€THOU 00nacTu;

2. Pemmth cTalmoOHapHOE OJIHOMEPHOE YPAaBHEHHUE TEILUIONPOBOJHOCTH B ChepUIECKUX KOOPANHATAX;

3. Pemmth HecTanMOHAapHOE YpaBHEHHE TEIUIONPOBOAHOCTH B KBAJAPAaTHOM OONACTH MPH 3aTaHHBIX
YCIIOBHSIX Ha TPaHUIIC;

4. Pemwuth JABYMCPHOC YpaBHCHUC ICPCHOCA CKaJ’ISIpHOI\/’I BCJIMYHHBI MCTOAOM KOHTPOJIbHBIX 00BEMOB
IIpu 3aIaHHOM I10JI€ CKOPOCTH,

5. Paccuurath HECTallMOHApHOE TEYCHHUE BS3KOM HEC)KMMAEMOW IKHJIKOCTH B TPUOIMKEHUH
Byccunecka ¢ ncnoiab30BaHuEM MEPEMEHHBIX «BUXPh-(QYHKIUS TOKa;

6. PemuTh HeCTaMOHAPHYIO OIHOMEPHYIO CHUCTEMY ypaBHEHHH Oiiepa IJsl COKUMaeMoro rasa
meronoM Kypanra-M3akcona-Puca.

Kpurepun onennBanus

OIIEHKA «OTJINYHO (10)» BBICTABIISIETCS CTYNEHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, DIIYOOKHWE 3HaHUS Y4YeOHOH NporpaMMbl AWCLUIUIMHBL TPU  OTBETE
9K3aMEHAIIMOHHOTO Oujera M OTBETEe Ha BOIPOCH 10 IPOrpaMMe IUCLUIUIMHBL, a TaKXke 10
pe3ynbTaraM KOHTPOJIBHBIX paboT;

OLICHKa «OTINYHO (9)» BBICTABISIETCS CTYJACHTY, IOKa3aBIIEMy CHCTEMaTH3UpPOBAaHHbBIE, IIIyOOKHe
3HaHUSl y4eOHOH NporpaMMbl AMCLUMIUIMHBI MPH OTBETE 3K3aMEHALMOHHOro Ouiiera W OTBETE Ha
BOIIPOCHI TI0 MMPOrpaMMe TUCIUIUINHBI, @ TAKXKE [0 Pe3yIbTaTaM KOHTPOJIbHBIX paboT;

OLIEHKA «OTIMYHO (8)» BBICTABISIETCA CTYIEHTY, IOKa3aBIIEMY CHCTEMAaTH3HMPOBAHHBIC, 3HAHUS
y4eOHO MporpaMMbl AUCLUITUIMHBI IIPH OTBETE 3K3aMEHAIIMOHHOTO OMJIeTa M OTBETE Ha BOIPOCHI II0
mporpamme JUCHMIUIMHBL, a TAKXKE 0 pe3yJbraTaM KOHTPOJIbHBIX PadoT;

OLIEHKa «XOpoIo (7)» BBICTABISETCS CTYIEHTY IO pe3yibraTaM KOHTPOJIBHBIX padoT, €Clid OH TBEPIO
3HaeT Marepuall 3K3aMEHAlMOHHOrO OwieTa, I'PaMOTHO M IO CYLIECTBY H3J1araeT €ro, ymeeT
NPUMEHATh TONY4YEHHBIE 3HAaHUS Ha INPAKTHKE, HO JOIMYCKAaeT B OTBETE WJIM B PEIICHUH 3a1ad
HEKOTOPbIE HETOYHOCTY;

OLIEHKA «XOpowIo (6)» BBICTABISIETCS CTYAEHTY IO Pe3yJbTaTaM KOHTPOJIBHBIX paloT, eciii OH 3HAeT
Marepuall 9K3aMEHAI[MOHHOIO OMJIeTa, MO CYLIECTBY H3JaraeT €ro, yMeeT NPHUMEHSTH IOIy4YEHHbIE
3HAHMS HA MTPAKTHKE, HO AOITYCKAET B OTBETE MHOIO HETOYHOCTEH;



OLIEHKA «XOpowIo (5)» BBICTABISIETCS CTYAEHTY IO Pe3yJbTaTaM KOHTPOJIBHBIX paloT, eciii OH 3HAeT
Marepuall SK3aMEHALMOHHOIO Ouiera, W3jaraeT ero, ymMeeT HpPUMEHATh IOJIy4eHHbIE 3HAHMSA Ha
MPaKTHKE, HE JOMYCKAET B OTBETE IPYOBIX OMHNOOK;

OLIEHKA «YIOBJICTBOPHUTENBHO (4)» BBICTABISETCS CTYACHTY IO pe3yJbraTaM KOHTPOJBHBIX paboT, a
TaKXke, €CJIM BO BpeMsl OTBETa JK3aMEHAI[IOHHOTO OWiieTa OH IOKa3al (pparMeHTapHbBIH, XapakTep
3HAaHWHM, HEIOCTAaTOYHO MpaBHIIbHBIC (OPMYIUPOBKU OA30BBIX IMOHATHUH, HO MPHU 3TOM OH BIIAZACET
OCHOBHBIMU pa3/iellaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMH IS AajbHEHIIEro 00yueHHs;

OLIEHKA «YIOBJIETBOPHUTENBHO (3)» BBICTABISETCS CTYACHTY IO pe3yJbraTaM KOHTPOJBHBIX paboT, a
TaKkXke, €CIM BO BpPEMs OTBETa 3K3aMEHAllMOHHOTO OWJIeTa OH MOKa3aJl pa3po3HEHHBIH XapakTep
3HaHWH, HEAOCTAaTOYHO MpaBUJbHBIE (OPMYIUPOBKUA O0a30BbIX MNOHATHI, HapyIIEHHE JIOTHYECKOM
MOCJIEIOBATEIbHOCTH B MU3JIOKEHUHU MIPOTPAaMMHOIO Marepualia, HO IPU 3TOM OH BJIAJEeT OCHOBHBIMH
paszenamMu y4eOHOW MPOrpamMbl, HEOOXOAUMBIMU IS JajbHEUIIEro oO0ydeHHs] M MOXKET MPUMEHSTh
MOJTy4eHHbIE 3HAaHHS 10 00pa3Ily B CTAaHAAPTHOH CUTyaluH;

OIICHKA «HEYIOBIETBOPUTEIHHO (2-1)» BBICTABISETCS CTYACHTY IO Pe3yJIbTaTaM KOHTPOJILHBIX padoT, a
Tak)Ke, eCJIM BO BpeMs OTBETa HK3aMEHAIMOHHOTO OWiIeTa, OH IOKa3ajl YTO HEe 3HAeT OOJbIleH YacTH
OCHOBHOTO COACp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX MOHATUI IUCLUILIMHBI M HE YMEET MCIIOIb30BATh MOIYYEHHBIC 3HAHUS IPU
pELICHNH TUIIOBBIX IPAKTHUECKUX 3a/1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

3a4éT BBICTABISIETCSA CTYIEHTY, [TOKa3aBIIeMy TBEpIOE 3HAHKME Marepuaja 1-ro cemecTpa, UMEIOLIEro
IOJIOXKUTENIbHBIE OLIEHKH 3a TEKYILLUI KOHTPOJIb, YCTHBIE OIPOCHI.

[Ipu mposenenun auddepeHurpoBaHHOro 3auera oOydaromiemycsi npepocrasmsercs 60 MUHYT Ha
MOATOTOBKY OTBETOB Ha THOJyYeHHble Bompockl. Ompoc oOyuaromerocs MO TOJYyYEHHBIM U
JOTIOJTHUTEILHBIM BOIIPOCAM Ha 3a4eTe HE JOJKEH IPEBBINIATh JBYX ACTPOHOMUYECKHX YaCOB.

Bo Bpems mnpoBemeHus 3auera NpH NOATOTOBKE OTBETOB HA BONPOCHl, 00yyaromuecs MOTyT
MOJIb30BATHCS MPOTPAMMOMN JUCIUIUINHBI, KOHCTICKTAMH CEMHUHAPOB U JII0O0O0H APYTOH INTEpaTypoii.

Bo Bpemsi mpoBeneHus 3adera MpU OTBETE OOY4YAIOLIETOCs Ha MOJNyYEHHbIE M JONOJHHUTEIbHBIC
BOIIPOCHI 10 NMPOrpaMMe AUCIMIUIMHBI, OH HE MOXKET I0JIb30BaThCsl KOHCTIEKTaMH CEMHHAPOB M JIF000i1
IpyToil INTEPATYpPOU.



