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)

10 AMCIMILINHE: [IpakTuKyM 1O BBIYMCIUTENBHON aspodusnke
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npo¢uib NOArOTOBKHU: Kocmuueckue TexHONIOruu

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kagenpa adpou3NIeCKOil MEXaHUKU U YIIPABJICHUS JIBH)KCHHEM

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - 3auer

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
ceMuHapsl: 60 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.

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

[Iporpammy cocrtaBui: A K. AnekceeB, o-p ¢pu3.-MaT. HayK, IOLEHT

[Iporpamma obcyxneHa Ha 3acefannu kKadeapy adpoduznueckoil MEXaHUKH U yripaslieHust qemkenuem 06.04.2020



AHHOTANMA

W3yuenne nuciMIiInHbl HAIIPaBiIeHO Ha yrIyOieHne U paciiupenue 6a30Boii mpodecCHOHAIbHOM MOATOTOBKU
MarucTpanra, (GOpMUPOBAHNE COOTBETCTBYIOIINX KOMITCTECHIIHH.

B yqe6H0171 JAUCHUIIIIMHE PACCMAaTpUBAOTCA OCHOBHBIC TCOPCTUYCCKUC IMOHATHUA, KOHOCHIMU W MOAXOAbI B

o0JIACTM METOJOB YWCJICHHOTO MOJECIMPOBAHMS TEUCHHH CIUIONIHOM CpeJpbl,

Pa3pEeKCHHBIX Ta30B,

TCIIONECPCAAUN B pPA3PYHIAOMUXCA TCIUIO3AIUTHBIX Marcpuajiax. CTy,Z[eHTBI pa6OTaIOT C MPUKIAAHBIMH
MNakeTaMu U TCEXHUYCCKUMU CPCACTBAMH, NPCAHASHAYCHHBIMU [JIA pa6OTLI C COBPEMCHHBIM MOACIAM H
METOAAM YHCJICHHOI'O HCCICIOBAHUA TCUCHHI CILIOIIHOH CpCabl, Pa3pCiKCHHBIX I'a30B, TCIUIOIICpCAAYU B

pa3pyuIaonxcs TeIUI03alIUTHRIX MaTepraIax.
1. lean u 3apa4un

]_le.]'ll) AUCHUIIINHBI

- QopmupoBanue 0a30BBIX 3HAHHA

Inmo COBpPpCMCHHOMY COCTOdHHMIO MCTOAOB YHCIICHHOI'O

MOJEJIMPOBaHUsI TEUEHUM CIUIOIIHON Cpezbl, pa3pexKEeHHbIX ra30B, TEIUIONEPENaud B pa3pylLaoIUXCs

TCIIO3AIUTHBIX MaTCpUuaIax.

33]13‘[1/[ JAUCHUIIINHBI

- JaTh CTyJeHTaM 0a30Bble 3HAHUS M MUHHMAJIbHBIH HA0Op TEXHHYECKUX CPEJCTB IO COBPEMEHHBIM
MOZEISIM M METOAAM YHCIEHHOTO HWCCIEIOBAHMS TEYEHHUU CIUIOIIHON CpEnbl, pa3pekEHHBIX Tra3oB,
TEIUIONepeiaur B pa3pyLIArOIIMXCs TEMI03aUTHBIX MaTepraiax.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 Cniocoben BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHanbHoN
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH 1
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMUYHBIX 001aCTIX HAYKH (TEXHUKH)

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBAThH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYYaeMbIX PeIICHUN

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJa4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThl

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-1.1 CnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNNIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4ecKoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAENM Ul OIUCaHMUA H3y4aeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATH KAYECTBO pa3padoTaHHON
MOJENN

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
HCCIIeIOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeLMATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B n30paHHON MIPEIMETHOM 00IacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIONB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAaKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIHCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynbsrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHECs JOKHEI




3HAThb!
*  (yHgaMeHTanbHBIE IMOHATHS, METOIABl M TEOPHM YHCIEHHOTO pEIIeHMs 3afad a’podus3uku u
TEIIOU3UKY;
. COBPEMEHHBIC BBIUMCIUTEIbHBIE METOJbl B MEXaHUKE CIUIOIIHBIX cpel, 0a30BbIi HaOOp
MPUKIIaJHBIX TIPOTPAMMHBIX CPEICTB.

YMETb:
* II0JIb30BAThCSl CBOMMU 3HAHUSIMH IS PEILICHHS TIPUKIIAIHBIX M TEXHOJOTHYESCKHX 3a/1a4;
. ¢dopMupoBaTh (QHU3MYECKHE MOAEIM W BBIYMCIMMBIE MaTeMaTHYeCKHE MOCTAaHOBKU IS
MOZCIHPYEMBIX (PU3HYECKHX MPOIIECCOB;
* COCTaBJSATh d3PPEKTUBHBIE U PAOOTOCTIOCOOHBIC YNCIICHHBIC MOJICITH;
*  OCYIIECTBISATh BEPHU(PHUKAIMIO YMCICHHBIX METOJOB M BaJHIAIMIO HCIOIB3YEMBIX (H3HMUYECKUX
MoOJeIICH;
* OCBaMBaTh HOBBIC MPEIMETHBIC 00IACTH, TEOPETHYESCKHIE TIOIXObI H BEIYHCIUTEIILHBIE METOIUKH;
. 3G PEeKTUBHO HCIOIB30BaTh HMH(MOPMAIOHHBIE TEXHOJOTHMM M KOMIIBIOTEPHYIO TEXHUKY IS
TOCTIKCHUST HEOOXOIMMBIX TEOPETUICCKHUX U MPUKIIAJTHBIX PE3YJIBTAaTOB.

BIIAJICTh!
* HaBBIKAMH CaMOCTOSITEIBHON PaOOTHI;
* HaBbIKAMU KPUTHUYECKOTO M KOHCTPYKTHBHOTO aHAJIM3a MH(OPMAINH, IPUCYTCTBYIOIIEH B HAyYHBIX
MyOJIMKAUSIX U B UHTEPHETE;
. HaBbIKAMU TIOCTAHOBKM M BBIYMCIMTEIHFHOTO MOJEIHPOBAHHUS KaK C IOMOIIBIO JIOCTYIHBIX
MPOTrPaMMHBIX CPEJICTB TaK M C IIOMOIIBIO CPEACTB COOCTBEHHOU pa3padOTKH.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YACOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTs Camocr.
pabora
1 YpaBHEHHUE TEMIIONPOBOJHOCTH 7 3
2 [Iporpamma FlexPDE 6 3
3 YucrieHHbIe METOJIbI peteHus 5 3
ypaBHeHH Ditnepa
4 [IporpammHoe obecrnieueHme JUTSE 3 3
a’pPOIMHAMUYECKUX PACICTOB
5 Anamm3  3(QPEKTUBHOCTH  YHUCICHHBIX 9 3
CXeM
Merton Mownre-Kapio MPSIMOTO
6 MOJEJIMPOBAHUS TEUCHUH DPa3peKeHHOTO 6 3
rasa
7 Pa6ots! Ha komMmTekce Bird-2D 5 3
[IpakTHueckue 3aHATHA TIO0  pacyery
3 CBOOOTHOMOJIEKYIIIPHON ~ a3pOIMHAMUKHI 4 3
Cc  wucmoib3oBaHueM  [IporpammHOTrO
koMIuiekca RuSat.
9 [Iporpamma SMILE 8 3
10 |Metoap! Bu3yanu3amnuu 7 3
Nroro yacos 60 30
[ToaroroBka K sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.




4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. YpaBHeHHE TEIIONPOBOIHOCTH

YpaBHEHHUE TEIUIONPOBOAHOCTH. METOA TPEXTOYEUHOM IPOrOHKU. MHTErpo-UHTEPIONSLUOHHBII
MeToJ. KoHeuHO-211eMEHTHBIE METOIBI.

2. IIporpamma FlexPDE

[Tpunuuns! padots! B nporpamme FlexPDE.

3. UuciieHHBIE METOIBI PELICHNUS ypaBHEHUH Diiepa

VYpasuenue Jlapcu. UncnenHbie METOBI pelieHns ypaBaenuii Ditnepa, TVD, ENO, WENO.
4. IIporpammHOe obecriedeHre sl a3pOANHAMUYECKHX PacueTOB

0O0630p nporpaMMHOro 0OecTeueHus A7l a9pOANHAMUYECKHX PacueTOB.

5. Ananu3s 3 QEeKTUBHOCTH YUCIECHHBIX CXEM

Beoansiii kype (Linux, Aeroshape) (2-3 3ansiTus)
Pa6ots! Ha koMIuiekce Flow Vision

Cemecrtp: 2 (Becennuit)

6. Meron MonTte-Kapio npsiMoro MoJieIupoBaHusi TCUEHUI pa3peskeHHOTO raza

O630p METOAa MOHTG—KapJ'IO, HUCMOJIB3YEMOT'0 IJIA NPAMOTr0o MOACIMPOBAHUSA TCUCHUM PaA3pPCIKCHHOTO
rasa.

7. Pabots!l Ha Kommiekce Bird-2D
00630p xomiuiekca Bird-2D. PaGoTa ¢ mporpaMMHBIM KOMITIIEKCOM.

8. IlpakTHyeckue 3aHATHA 10 pacyeTy CBOOOJHOMOJCKYIISIPHOW adpOAMHAMHMKH C HCIOJIb30BAHUEM
[Iporpammuoro komiiekca RuSat.

[Iporpammusii kommekc RuSat. BoamokHOCTH, METOABI pacueTa, MOATOTOBKA MCXOMHBIX JTAHHBIX
JUIsL pacueTa, 3alyCK 3ajad, OpPOCMOTp pe3yibraroB. IIpakThueckue 3aHATHS IO pacueTy
CBOOOTHOMOJIEKYJISIPHOM a9pOoIMHAMUKH ¢ UcTionb3oBaHreM [Iporpammuoro komiiekca RuSat.

9. IIporpamma SMILE

[Iporpamma SMILE. [IloaroroBka HMCXOOHBIX OAHHBIX IJI pacyera, 3alyCK 3aaad, IPOCMOTP
pesynasraroB. llpakTudeckue 3aHATUS IO pacuyeTy OOTEKaHUS TeJl B IEPEXOAHOM PEXUME C
ucnonb3oBaHueM mnporpammsl SMILE.

10. Metobl BU3yaIu3aluu

MCTOZ[LI BU3yaJIM3alluX 3a/1a4 BBIYHCIIMTEIIBHON aSpO(I)I/BI/IKI/I.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0)



HeoOxoauMoe 000pyAOBaHKE [T NPAKTHYECKHUX 3aHATHH: yuyeOHast ayAuTOpHs, IEPCOHAIbHBIE
KOMITBIOTEPHI.

6.IlepeyeHnb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Teopus pasaoctHbIX cxeM [Tekcr] : yued. mocobue mms By3oB / A. A. Camapckuii .— 3-e uzf., ucrp.
— M. : Hayka, 1989 .— 612 c.

1. Toro E. F., Riemann Solvers and Numerical Methods for Fluid Dynamics, Berlin: Springer Verlag,
2006

JomnonHurenbsHas auTeparypa

1. Press W. H., Flannery B. P., Teukolsky S. A., Vetterling W. T., Numerical Recipes in Fortran 77:
The Art of scientific computing, Cambridge Univ. Press, 1992

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

http://eqworld.ipmnet.ru/ru/library/mechanics/fluid.htm Mup Maremarnueckux YpaBHeHUN

http://elibrary.ru/defaultx.asp  poccuiickuii nHGOpPMAIIMOHHO-aHATTUTHYECKUH TTIOPTaji B 001acTH
HayKH, TEXHOJIOTHH, MEIMIIHBI U 00pa30BaHMs, COJCpPIKAIINi pedeparsl U MOTHbIE TEKCTHI Oomee 19
MJTH HAyYHBIX CTaTeH W MyOIuKaui

www.mathnet.ru/  OOuiepoccuiickuii MaTeMaTHYeCKUIA TTOPTAal

http://www.netlib.org/na-digest-html/ Netlib, a collection of mathematical software, papers, and
databases

http://www.cfd-online.com/  Pecypc no BeraucnurensHo# razonuHamuke CFD Online
http://www.openfoam.com/  Open Source Field Operation And Manipulation CFD ToolBox

http://www.pdesolutions.com/ FlexPDE — nporpamma, npegHazHadeHHas sl IOCTPOSHUS MOJEIer
pemeHns nudQepeHInaNbHbIX YPaBHEHHIH METOOM KOHEUHBIX 3JIEMEHTOB

www.tecplot.com/  rpaduueckuii HOCTIPOIIECCOP IS 3a71a4 BRIYHCIUTEIBHON a9pora3oinHaMUKU

http://geuz.org/gmsh/ FE GecrunanTHbii ceTouHblit reHeparop (Bimrodaert tetrahedra, prisms,
hexahedra and pyramids)

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIbTUMEAUHHBIM 000py10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA);

nakeTsl oucHoro nporpamMmuoro odecrnederns Microsoft Office (Word, Excel, PowerPoint),
OpenOffice.

nporpamma FlexPDE, Bird-2D, nporpammusiii kommuiekc RuSat, nporpamma SMILE.
9. MeTonnuecKkue yKa3anus /s 00y4al0IUXCs 10 0CBOSHHIO TUCHMILTHHBI (MOTYJIsT)

YCIEITHOE OCBOCHUE Kypca TpeOyeT OONbIIoN CaMOCTOATENBHOM paboThl CTy/IEeHTA.
CamocrosiTenpbHas paboTa BKIIOUAET B Ce0s:

— YTEHHUE PEKOMEHI0BaHHOM JINTEPATyPBbI,

— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM CEMUHAPOB, Y4eOHOH W HAyYHOU JIUTEPAType);

PyKoBOJICTBO M KOHTPOJIb 32 CaMOCTOSITENILHOW pabOTOM CTylIEHTa OCYIIECTBISIETCS B PE3ybTare
ONPOCOB HA 3aHATHUIX U MHAWBUIYAIBHBIX KOHCYJIBTAIUM.



Kputepuem kaudecTBa BiaJieHUs MaTrepUajoM CIY)KMT yMEHUE aHAJIM3UpPOBaTb M INPUMEHATb Ha
MPAKTHKE MOITYYCHHYIO Ha 3aHATHIX MH(POPMAIIMIO COOTBETCTBYIOIIETO YPOBHS CIIOKHOCTH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa
npopuJib NOArOTOBKHU: Kocmuueckue rexnonoruu
dusTex-urkona ApokocMuueckux TexHomoruit
kadenpa adpou3ndecKoil MEXaHUKH U YIIPABICHHUS IBIXKEHUEM
Kypc: 1
KBaJupuKaAnus: MarucTp

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

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

Pa3paborunk: A K. Anekcees, 1-p Qu3.-Mar. HayK, JOLEHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CniocoGeH BbIOUpaTh 1 (MIIN)
pa3padaThIBaTh MOJAXO/IBI K PEIICHHIO THITIOBBIX
Y HOBBIX 337124 B 00nactu npodeccrnoHansHoN
JEATEIILHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrPaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.2 CrocobeH UCHONB30BaTh HCCIEAOBATEIbCKHUE
METOJbl TIPU PEIICHUH HOBBIX 3a]ad, MPUMEHSS 3HAHHS B
pa3IMYHBIX 001ACTAX HAYKH (TEXHUKH)

OIIK-3.1 CrocobeHn aHanu3upoBaTh 3ajady, [JIAHUPOBATbH
MyTH peIeHus], MpeiaraTh U KOMOMHHUPOBATh CIOCOOBI
peleHus

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
IpaHUIBl TIPUMEHUMOCTH MOTYyYaeMbIX PeIICHUN

[IK-1 CnocoGen cTtaBuTh, hOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3YyJIbTaThI

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3a7a4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[1K-3 Cnocoben npodeccnonaabHO paboTaTh ¢
UCCIIeJOBATEIbCKUM U UCTIBITATEIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CTIEeUATN3UPOBAHHBIMU TTAKETAMU TPUKIIATHBIX
MporpaMm) B U30paHHON MTPEIMETHOM 00IacTH

[MK-3.1 Tlonumaer npuMHOUNBI pPabOTHl HUCIOIB3YEMOTO
00opynoBaHuUs (cienmanu3upOBaHHBIX MAKETOB
MIPUKJIAJAHBIX TPOTPAMM)

IIK-3.2 Crocoben MIPOBOJNTH AKCIIEPUMEHT
(MOIETMPOBaHKE) C KCIOJIb30BAHUEM HCCIICIOBATEIBCKOTO
obopynoBaHus (MTAKETOB MPHUKJIAIHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHUBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAJILHBIX (UMCIICHHBIX) PE3YJIbTaTOB

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynsrate u3yueHus aucuuIuinHbl «IIpakTHKyM 1O BBIYHCIUTENBHON a’podu3uKe» OOydaroLuiics

JIOJIXKEH:

3HATh:
*  (yHgaMeHTanbHBIE MOHATHS, METOABl M TEOPHM YHCICHHOTO pEIIeHMs 3afad a’po(u3uku u
TEIIOU3UKY;
. COBPEMEHHBIC BBIUMCIUTEIbHBIE METOJbl B MEXaHUKE CIUIOIIHBIX cpel, 0a30BbI HaOOp

MPUKJIAIHBIX TPOTPAMMHBIX CPEACTB.
yMeTh:

¢ TOJIb30BAaTbCs CBOMMMU 3HAHUAMU IJIA PCIICHUSA MMPUKIIAAHBIX U TCXHOJIOTHYCCKUX 3a1a4,
® (1)OpMI/IpOBaTB (bI/ISI/I‘-IeCKI/Ie MOJCINM MW BBIYHUCIHUMBIC MATCMATUYCCKUC IIOCTAHOBKHU JJIA

MOACIINPYCMBIX (1)PI3I/I‘I€CKI/IX MponeccCoB;

* CcOCTaBJATh d3PPEKTUBHBIE U PAOOTOCTIOCOOHBIC YNCIICHHBIC MOJICITH;
*  OCYIIECTBISTh BEPHU(PHUKAIMIO YMCICHHBIX METOJOB M BaJHIALMIO HCIOIB3YEMBIX (H3HMUYECKUX

MOJEIICH;

* 0CBaWBaTh HOBBIE MPEIMETHBIC 00JaCTH, TEOPETUUECKHUE TIOAXOIbI U BEIYUCIUTENbHBIC METOIUKY;
. 3G PEKTUBHO HCIONb30BaTh HMH(MOPMAIOHHBIE TEXHOJIOTHMM M KOMIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

BJIaJeTh:



* HaBBIKAMH CaMOCTOSITEIBHOM PabOTHI;

* HaBBIKAMU KPUTHYECKOTO U KOHCTPYKTHUBHOIO aHaJIM3a WH(OPMAIMU, TPUCYTCTBYIONIEH B HAyYHBIX
MyOIMKALUsIX U B MHTEPHETE;

. HAaBbIKAMH ITOCTAHOBKH W BBIYMCIUTEIBLHOIO MOAEIMPOBAHMS KaK C MOMOIIBIO JOCTYIHBIX
MPOTrPaMMHBIX CPEJICTB TaK M C IOMOIIBIO CPEACTB COOCTBEHHON pa3pabOTKH.

3. IlepeyeHb THNOBBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0
Teky1uii KOHTPOJIb OCYIIECTBISIETCS B (popMe yCTHOTO ONpoca Ha 3aHATHSX.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Arrecramust mo aucuuiuinHe «IIpakTHKyM 1O BBIYMCIHMTENBHON a’dpoH3HKe» OCYLIECTBIAETCS B
¢dopme muddepenumpoBanHoro 3auera B 9 cemectpe u B popme auddepenurpoBanHoro 3ayera B 10
cemecTpe.

[IprMepbl BOIPOCOB K 3a4€ETY:

. YpaBHEHHE TEILUIONPOBOIHOCTH

. Merox TpeXTo4e4HOU POTOHKH

. IHTerpo-uHTepnoNsauoHHbIN MeTo. KoHeuHO-3/1eMEHTHbIE METOBI.
. [Iporpamma FlexPDE

. UncneHHble METOBI PellIeHUs] ypaBHEHUN Ditnepa

. YpaBuenue lapcu

. IlporpammHoe o0ecrieueHue s a9POJMHAMHYECKIX PacyeTOB

0 3 O LD AW~

. AHain3 3G HEKTUBHOCTH YUCICHHBIX CXEM

[Mpumepsl 6useToB ist U GEPEHITMPOBAHHOTO 3a4eTa:
BUJIET Ne 1

1. YpaBHEHHE TEIIONPOBOHOCTH.

2. IIporpamma FlexPDE

3. Kommuiexc Bird-2D

BIJIET Ne 2

1. MeTox TpexXTO4eyHOM MPOTOHKH

2. Meton Monte-Kapno npsiMmoro MoaenupoBaHus TEISHH pa3pekeHHOTO rasa.
3. MeToapl BU3yaIu3aiiu

BUJIET Ne 3

1. YncneHnHble METOBI PEIIeHUs] ypaBHEHUN Diinepa
2. IIporpamma SMILE.

3. KoneuHo-351eMeHTHbIE METO/IBI.

Kpurepun onennBanus

OLICHKA «3a4T€HO» BBICTABISIETCS CTYACHTY, MOKa3aBIIEMYy CHCTEMAaTH3MPOBAHHbIC, 3HAHUS y4eOHOMU
HPOrpaMMbl IUCIUIUIMHBI IIPH OTBETE YK3aMEHAI[HOHHOTO OMJIeTa U OTBETE Ha BOMPOCHI [0 POrpaMme
JVCLUUTUIHHBL,

OLICHKA «HE 3a4TE€HO» BBICTABIIAETCS CTYACHTY, €CJIM BO BPEMS OTBETa SK3aMEHAIIMOHHOTO OmiieTa, OH
MOKa3aj, YTo He 3HaeT OOJbIIeil YacTH OCHOBHOIO COMAEp)KaHUS Yy4eOHOH MporpamMMbl AWUCIMIUIMHBI,
Joryckaer rpyOble omuOKd B (HOpPMYNIMPOBKAX OCHOBHBIX MOHSITHHA IUCHMIUIMHBI U HE YMEeET
UCIIO0JIb30BaTh [10JIyUYEHHbIE 3HAHUS IIPU PELIEHUH TUIIOBBIX MPAKTUUECKUX 3a/au.



OIlEHKa «OTIUYHO (10)» BBICTABIIIETCH CTYJICHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHbIC, TIyOOKHWE 3HAHMS Yy4eOHOW NPOrpaMMbl JUCIMIUIMHBI TpPU  OTBETE
9K3aMEHAIIMOHHOTO OMJIeTa U OTBETE Ha BOMPOCHI IO IPOTPaMMe JUCIUTUINHBI,

OlleHKa «OTIUYHO (9)» BBICTABISIETCS CTYACHTY, IOKA3aBIIEMy CHCTEMAaTH3UPOBaHHbBIC, TIIyOOKHE
3HAHUS yYeOHON NpPOTrpaMMbl JMCHUIUIMHBI MPH OTBETE 3K3aMCHAIIMOHHOTO OWiieTa W OTBETE Ha
BOIPOCHI TI0 MPOrpaMMe JTUCIUTUINHbI;

OLICHKA «OTIUYHO (8)» BBICTABISICTCS CTYACHTY, MOKA3aBIIEMY CHUCTEMATH3HUPOBAHHBIC, 3HAHUS
y4eOHOI MPOrpaMMbl JTUCIUIUIMHBI TIPH OTBETE YK3aMEHAIMOHHOTO OHMJIeTa U OTBETE Ha BOIPOCHI 110
Mporpamme JTUCIHITIHHBI;

OlIeHKa «XOpoIo (7)» BBICTABJISAETCS CTYICHTY, €CJIM OH TBEPAO 3HACT Marephall IK3aMEHAIIMOHHOTO
OusieTa, rpaMOTHO U TO CYIIECTBY M3JIaraeT ero, yMeeT NPUMEHSTh MONMYUYCHHbIC 3HAHUS HA MPAKTHUKE,
HO JIOIYCKAeT B OTBETE HEKOTOPhIC HETOUHOCTH;

OLICHKA «XOPOIIO (6)» BBHICTABIACTCS CTYACHTY, €CJIM OH 3HACT MaTepHall IK3aMEHAIIMOHHOTO OHMIeTa,
MO CYIIECTBY H3JIaraeT €ro, yMeeT MPUMEHSAThH MOJyYCHHBbIC 3HAHUS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE MHOTO HETOYHOCTEN;

OLIEHKA «XOpoIio (5)» BBICTABIISACTCS CTYJCHTY, €CJIM OH 3HACT MaTepHall SK3aMEHAIMOHHOTO OHJIeTa,
M3JIaraeT €ro, yMeeT MPUMEHSThH MOJIyueHHbIC 3HAHWS HA MPAKTHKE, HE JOMyCKAaeT B OTBETE IPyObIX
OIITNOOK;

OLICHKA «YIOBJICTBOPUTEIHHO (4)» BBICTABISIETCS CTYJCHTY €CJIM BO BPEMsi OTBETA HK3aMECHAI[HOHHOTO
OusieTa OH TOKaszan (QparMeHTapHBIN, XapakTep 3HAHUMN, HEJIOCTATOYHO MPABHIIbHBIC (GOPMYIUPOBKU
0a30BbIX MOHSATHIA, HO MPH OSTOM OH BIAJCET OCHOBHBIMH pa3ieiaMd Y4eOHOH MpPOrpamMMmbl,
HEOOXOMUMBIMH JJTs1 TATbHEHIIIEro 00yYCHHUS;

OLICHKA «YIIOBJICTBOPHUTEIBHO (3)» BBICTABIISIETCS CTYACHTY, €CJIM BO BPeMsl OTBETa IK3aMEHAIIMOHHOTO
OuyieTa OH TMOKa3an pa3poO3HEHHBIN XapakTep 3HAHWH, HEAOCTATOYHO MPABUJIBHBIC (OPMYITHPOBKH
0a30BbIX TOHITHH, HAPYIICHHE JIOTHYECKOH MOCIICOBATEIIbHOCTH B H3JIOKECHUH MPOTPAMMHOTO
Marepualia, HO MPU 3TOM OH BJIJICCT OCHOBHBIMH pa3[eiiaMd yueOHOH MporpaMMbl, HEOOXOTUMBIMHU
JUIsL aNIbHEHIIero o0y4eHuss 1 MOKET MPUMEHSThH MOJyYEHHbIC 3HAHMS MO 00pasily B CTaHIAPTHOM
CUTYaIlUH;

OLICHKA «HEYIOBICTBOPUTEIHHO (2-1)» BBICTABISCTCS CTYACHTY, €CIIM BO BpEMs OTBETa
9K3aMCHAI[MOHHOTO OMJIeTa, OH I0Ka3aJ, YTO HE 3HAeT OOJbIIeH YacTH OCHOBHOTO COJCPIKaHHS
y4eOHOW TPOrpaMMbl JUCIMILIMHBI, JOMyCcKaeT TpyOble OMIMOKH B (OPMYTUPOBKAX OCHOBHBIX
MOHATHH TUCHHUIUIMHBI U HE yMEET HCIIOJIb30BaTh IMOJAYYCHHBIC 3HAHHS TNPH PEIICHHH THUIOBBIX
MPAKTUYCCKUX 3a]1ad.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Topsinok mpoBeaeHus 3a4era:

3adeT cTaBUTCA 1O pe3ysbTaTaM YCIEIIHOTO OTBETa Ha BONIPOCHI 3a4eTa.

[Tpu npoBenennu yctHoro auddepeHnupoBaHHoro 3auéra oOy4aronemMycs npenocrasisieTcss 60 MUHYT
Ha moarotoBky. Ompoc oOydvaromierocss mo Owiery Ha ycTHOM auddepeHmupoBaHHOM 3a4éTe He
JIOJDKEH TPEBBIIIATH IByX aCTPOHOMHUYECKUX YacOB.

Bo Bpems mpoBenenus auddepeHIMpOBaHHOrO 3a4éra TPU IOJATOTOBKE OTBETOB Ha OWJIETHI
oOydaromuecs: MOTYT TIOJIb30BAaThbCS MPOTPaMMOM JUCHMIUIMHBI, KOHCIEKTaMH JIEKIHH M J000M
JIpPYrOW JIUTEPATyPOU.

Bo Bpems mpoBeneHust aupGepeHINPOBAHHOTO 3a4éTa MPH OTBETE OOYYAIOUIETOCs Ha BOIPOCHI IO
OnieTy WM 1O MporpaMMe AUCLUIUIMHBL, OH HE MOXKET IOJIb30BaThCA KOHCIIEKTaMU JIEKIUH U JTH000i
JPYTOM JTUTEpaTypo.

[To 3aBepmIeHHH OTBEIEHHOTO Ha ONPOC BPEMEHH, SK3aMEHATOp JIOJDKEH BBICTABUTH OOYUYaIOIIEMYCs
OLICHKY B COOTBETCTBHH C BBILIECIIPUBEAECHHBIMH KPUTEPUSIMH.



