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

YTBEPXJIEHO
H.0. TUpPeKTOpa GU3TeX-MIKOJIbI
(u3uKH ¥ HCCICNOBAHNNA UM.
Jlanaay
A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

N0 TUCHMILJIMHE: Cero4Hble METOABI M TEXHOJOTHH [T YHCICHHOTO PEIICHHSI KHHETUYECKOTO ypaBHEHUS

10 HANPABJIEHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: CynepKoMIbIOTEPHOE MOAETHPOBAHUE SIAEPHBIX IPOLIECCOB U TEXHOJIOTUI
Ou3TEX-1IKOIAa TPUPOAONIOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOoIoruii uM. U.B.
Kypuatosa
Kadeapa MOJIEINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 4

KBaJIMpUKALS: GakanaBp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBanHblii 3a4eT

8 (BeceHHuit) - Jxk3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuud: 30 gac.
cemuHapsl: 30 gac.
nabopatopusele 3ansaTus: 0 gac.

CamocrostensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au4. ex.: 3

[Iporpammy cocraBui: @.T". YepemucuH, a-p Guz.-Mar. HayK, npodeccop

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl MOAETUPOBAHUS SAEPHBIX MpoeccoB U TexHonorui 18.05.2020



AHHOTANMA

B pesynbrare u3ydeHus: DUCLUILIMHBI CTYACHT IOJDKEH MMETh OCHOBHBIE TNPEICTaBICHUS O (PU3MUECKHX
Ipoleccax, JeKallux B OCHOBE KMHETH4Yeckoi Teopun bonblMana, ymMeTh 3a7aBaTh IpaHUYHBIE YCIOBUS IS
Pa3IMYHBIX 337a4 KUHETHYECKOHM TEOpUH, PACCUHUTHIBATh M aHAIU3WPOBATH Ta30KMHETHMYECKUE MPOLECCHI
TEIJIOMAcCONEPEHOCa, PAacCUMTHIBATh  OCHOBHBIC  (DM3MUYECKHE  XApPAKTEPUCTHKH Ta30KHHETHYECKUX
MPOLIECCOB, 3HaTh 00JaCTH MPUMEHEHHUSI KOMITBIOTEPHOTO MoZenupoBanusa K KHyICeHOBCKMM MHKpOHAcocaM
paznuuHoro tuna. CTyOeHT [O/DKEH OBJIAJeTh IIPOEKLHOHHBIM METOAOM BBbIUMCIIEHUS HHTErpajia
CTOJIKHOBEHHMI, YMETh Ha OCHOBE JTOr0 IIOAXOJA CO3AAaBaTh KOMIIBIOTEPHBIE MOJENM [Js ONHCAaHHS
ra30KMHETUYECKUX IPOLIECCOB B MUKpOycTpoiTcTBaX. [lokazarenem BiafeHUsT MaTepuaioM CIyXKHUT yMEHUE
pelaTh 3a1a4d ¥ OPUEHTHPOBATHCS B KPyre BOIIPOCOB, CBA3AHHBIX C MPOOJIIEMaMH IIPUMEHEHUS YHCICHHBIX
METOJIOB JUIsl ypaBHEHHH MaTeMarndeckor gpusuku. /s popmMupoBaHUs yMEHUS NPUMEHSTh TEOPETUYECKHE
3HaHUSl Ha MPAKTHKE CTYOCHTY HEOOXOAWMO pa3paboTKa MpOrpaMMm M ajJrOpUTMOB UYWCIEHHOTO PEIICHUS
ypaBHeHUs boiblmaHa.

1. lean u 3apa4n

].le.]'lb JAUCHUIIINHBI
- U3JIO)KECHUEC OCHOB BbIYHCJIMTCIIBHBIX METOAOB JJISI PEIICHUS KUHECTUYCCKOTO YPaBHCHUA BOHBHMaHa;
- BBEACHUC B CCTOYHBIC METOABI, OITMCAHUE CXEM IICPBOI'0O U BTOPOI'O MOPAJAKA;

- HU3JIOKCHHUEC PA3HOCTHBIX CXEM, CXOAUMOCTH, YCTOﬁqHBOCTH, NOrpC€uIHOCTHU  AllIIPOKCHUMAIlHU,
TCOPCMBbI KypaHTa, CIICKTPAJIbHOI'O ITPU3HAKA,

- U3JI0KCHHE SBHOM IleTI»IpCXTO‘-IG‘IHOI\/’I CXCMBI, HCSBHOM IIECTUTOYCUHOMN CXCEMbI, KOHCCPBATUBHBIX
CXCM.

3agauu AU CHUILIHHBI

- (opmupoBanne 0a30BBIX 3HAHWI B OOJACTH BBIYMCIUTEIBHBIX METOJOB JUIS DPELICHUsS 3a1ad
MaTeMaTH4ecKor (PU3UKH;

- o0ydeHue CTYICHTOB OCHOBHBIM METOAaM U MOAXOAAaM, HUCIHOJIb3YEMbIM B KMHETHYECKOH Teopuw,
n3y4deHue 0a30BbIX MPUHIMIIOB KUHETUYECKON TEOPUH, OCHOBAaHHOI Ha ypaBHeHNH bosbiimana;

- ¢opMHpOBaHHE TOAXOAOB, OCHOBAaHHBIX HA KOHEYHO-PA3HOCTHBIX AaNNpPOKCHMAIMIX OIeparopa
a/BeKIIMM KUHETHUYECKOTO YPAaBHEHMS, paclLICIVICHHe KUHETHYECKOTO ypaBHEHHsS O (PU3MYECKUM
npoueccam. JMCKpeTHAs peanu3anus HauajlbHbIX U TPAHUYHBIX yCIOBHH.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

OIIK-1.1 CnocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTaIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty pU3NKO-MaTeMaTHUECKUX U (FITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAIBHOMN JIeTeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJTMUECTBEHHBIE PACUETHl H OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PE3YJIBTaTOB

OIIK-2 Crniocoben ucnonb3oBarb coppemernble |OINK-2.2 3HaeT W yMeeT TIPUMEHSTH YHCICHHBIC
UH(POPMALIMOHHBIE TEXHOJIOTHH U MaTeMaTH4ecKue METOAbl M MPHUKIAJHOE MPOrpaMMHOE
IPOrpaMMHBIE CPEACTBA IIPU PEIICHNUH 3a/1ad  |o0ecreyeHre  [uId  pelIeHus  Hay4yHbIX  3a7a4 B
npo¢eCcCHOHANBHON e TeNbHOCTH, coOIonas  |npodeccnoHaIbHON obnacTu

TpeboBaHus HHPOPMAIIMOHHOHN 0€30MacHOCTH

OIIK-5 Cnocob6en yuactBoBarb B ipoBeieHun  |OIIK-5.1 CrniocoOeH pemiaTh TOCTaBICHHBIC 3a/1a4d B
(yHIaMEHTANbHBIX U IPUKIATHBIX o0nacTu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
HCCIIeJOBAaHUN M pa3pabOTOK, CAMOCTOATENIFHO |MCCIeJOBAaHUN U pa3paboTOK

OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTEIbCKOM,
WU3MEPHUTENBHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOH anmnaparype




[MK-1 CriocoGeH m1aHupoBaTh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

IIK-1.1 Bnamgeer  gyHmameHTambHBIMH
3aKOHAMU U TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

[IK-1.3 Brageer KynpTypoil IOCTAaHOBKM HAayYHOW 3aJ1aud U
MOZIEIIMPOBAHUS €CTECTBEHHOHAYUYHBIX OOBEKTOB M CHCTEM

[IK-1.4 VYmeer cTpouTh MaTeMaTHUYECKHE MOJENU IS
ONMCAaHUSI W HCCIEIOBAaHUS MPOLECCOB M SBICHUH B
COOTBETCTBYIOIINX HayYHBIX 00JaCTIX

[IK-1.8 Brnageer HaBbikamMu palbOTBI C COBPEMEHHBIMHU
SI3bIKaMU [IPOIPaMMHMPOBAHUS U IPOrPAMMHBIMU ITaKETaMU
JUTSl HAyYHBIX pacyeToB

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsuiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM [T peIlieHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00IacTi

[IK-3.3 Ymeer npou3BOAUTH OLEHKY TOYHOCTH YHUCIECHHBIX
METOJIOB, HCHONB3yeMbIX Ha OBM, BBIYHCIUTENHHOU
CIIO)KHOCTH  HCIIONB3yeMBbIX  alTOpPUTMOB H  o0beMa
TpeOyeMbIX BBIYUCIUTEIBHBIX PECYPCOB

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[1K-4.1 3Haer 4nciIeHHBIE TOPSAKA BEIMYUH, XapaKTEPHBIX
JUISL COOTBETCTBYIOIIEH MpodeccHoHaIbHON 00macTu

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI O JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCHUIIMHBI 00y4alOIINeCs JOIKHbI

3HATb:

- NPpUHIUIBI U MCTOJbL KHHETHYCCKOM TCOpUHn BOJ'ILL[MaHa, MOJIYy4YCHHUA KOTCPCHTHOI'O HU3JIYUCHUA,
(1)I/I3I/I‘-ICCKI/IC ABJICHUA, JICKAIIUC B OCHOBE METOAOB IIEPEHOCA I'a30B PIH3JIy‘I€HPII>i B CJIOKHBIX Cpe€aax u

KOMITO3HIIMSIX.
YMETB:

- UACJICHHO pCHIATh KUHCTUYCCKOC YPABHCHUC.

BJIAJIETh:

- METOaMHU KOMITBIOTEPHOTO MOAEIMPOBAHUS TA30KMHETUYECKUX MPOLIECCOB, METOAAMHU pa3padOTKU
po0JIEMHO-MOJIETTMPYIOIINX CPE HA COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHUCTEMAX.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpynoeMKoCTh O BUJaM Y4eOHBIX 3aHATHI, BKIIIOYas
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
1 Anmpokcumanuss  audQepeHIansHoNn 5 5 5
3a[a4d B YACTHBIX MPOU3BOJAHBIX.
) KI/IvHeTI/I‘leCKOG ypaBHEHHE B clyyae 5 5 5
JEUCTBHS BHEITHUX CHUIL
3 KoncepBaTuBHbIe CXeMBI. 5 5 5
4 [Tapasutnueckue ocummsinuu. IlonsTue 4 4 ]
MOHOTOHHOCTH CXEMBI.
5 [Iporpammuas cucrema reHepanuy CeToK 4 4 g
GMSH.
6 Pa3zHOCTHBIE CXeMBI BTOPOTO TOpSAIKA 4 4 7
TOYHOCTH.
7 Cetku. CeTouHble (PyHKIIHH. 3 3 7
Htoro gacos 30 30 45
[TonroToBka K 3K3aMeHy 30 gac.




OO01mas TpynoEMKOCTh

135 ygac., 3 3au.en.

4.2. CopaepxaHue TUCHUILTAHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 7 (OceHHwmi)

1. Annpokcumanus quddepeHanTbHON 3a7a91 B YaCTHBIX MPOU3BOIHBIX.

VYpaBuenue mnepeHoca. PasHocTHble cxembl. CxomumocTh. YcroiumBocTh. Teopema Kypanra.
CrnextpanbHblii mpu3HaK. YKCIEHHOE pelleHne ypaBHEHHE MEepeHoca Ui TIaJKUX M Pa3pbIBHBIX
HaYaJIbHBIX YCIOBHUM C MOMOIIBIO IBHBIX U HESABHBIX CXEM MEPBOIO MOPSIAKA TOUHOCTH.

2. Kunernueckoe YpaBHCHHUC B Cliy4ac ﬂeﬁCTBHH BHCIIHUX CHJI.

Pacmienienue cinoxxnoro ypaBHeHusi. [Ipobiaema rpaHUYHBIX YCIIOBHI B CKOPOCTHOM IIPOCTPAHCTBE.
Ciy4aii nIpoCTpaHCTBEHHON CUMMETpUU. Pelllenne KuHEeTUUECKOro YpaBHEHUs B I10JIE TSKECTH.

3. KoHcepBaTuBHbIE CXEMBI.

[Ipo6nema rpannuHbIXx Todek st TVD-cxem. @yHkuus pacnpenenenus. Knnernyeckoe ypaBHEHHE
Bonbumana B orcyrctBum ctonkHOBeHMH. [uddysnoe orpaxkenue. Permenune ogHOMEpHOTO
ypaBHeHus: bonbliMaHa B OTCYTCTBMM CTOJIKHOBEHHH C TPaHHUYHBIM YycioBHeM An(p(y3HOTO
oTpakeHHs (3a7a4a 0 TepMoce).

Cemecrtp: 8 (Becennuit)

4. Hapa31/ITI/I‘-IeCKI/IG OCIMJIIIALINH. IloHsaTHE MOHOTOHHOCTH CXEMEI.

Teopems! I'ogyHoBa. Ilonnasa Bapuanus. TVD-cxemsl. Teopemslr Xaptena. [Ipumeps! orpaHHuUTENEH.
IIpaktnueckuii Buxg TVD-cxem. UwHCIIeHHOE pelIEeHHE YpPAaBHEHHME IIEpeHOca Uil DIANKUX U
Pa3pbIBHBIX HadalbHBIX YCIOBUH ¢ momomipio TVD-cxem nocTpoeHHbIX Ha ocHOBe minmod limiter,
MC-limiter u van Leer limiter.

5. IIporpammHuast cucrema reneparnuu cetok GMSH.
Cucrema renepanuu cetok GMSH. IIpumepsr.
6. Pa3HOCTHBIE CXEMBI BTOPOTO MOPSAAKA TOUHOCTH.

SIBHas yeThIpexTodeyHasi cxema. VickyccTBeHHas BS3KOCTh. HesiBHas miectutodedHas cxema. Meton
HNporoHKu. TpexcioitHas pazHocTHast cxema. YncIeHHOe pelleHre ypaBHEeHHE epeHoca I IIaaKIX
Y pa3pbIBHBIX HAYaJIbHBIX YCJIOBUIl C TIOMOILBIO SIBHBIX M HESIBHBIX CXEM BTOPOT'O MOPSIIKA TOYHOCTH.

7. Cerxu. CeTouHble QYHKLIUH.

PasnoctHas anmpokcumanus AudQepeHIHaIbHbIX onepaTopoB. llorpemHocTs anmpokcUManuu.
Pemenune O/1Y nepBoro nopsiaka.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCHUILInHE (MOIYJII0)

Yuebnas AyAUTOpHA, OCHAIlICHHAs pa60‘-II/IMI/I CTaHIIUAMMH, 06’LGILI/IH6HHBIMI/I B CCTh.

6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI



OcHoBHas nuTeparypa
1. PazHOCTHBIE METOABI pEIICHUS 3a/1a4 Ta30Boi quHaMuku [TekcT] : y4. mocodue 1Jist By30B : JIO1I.
Toc. kom. CCCP / A. A. Camapckuii, FO. I1. [TomoB .— 5-e u3n. — M. : Ku. gom "JIMBPOKOM", 2009
—424 c.
2. Brenenne B BerunciuTeNnbHyI0 pu3uky [Tekcr] : [yue6. mocobue mis By3os] / P. I1. ®enopenko ; mox
pen. A. W. JlobanoBa .— 2-¢ u31., ucnp. u jon. — Jlonronpymaasiii : Matennext, 2008 .— 504 c.
3. JTabopaTopHbIi PAKTUKYM 10 KypCY OCHOBBI BEIUMCIIUTENbHOM MareMaTuku [TekcT] : yueO.
rocoOue i By30B .— 2-€ u3 1., uctp. u non. — M. : M3 Ilpecc, 2003 .— 193 c.
4. Randall J. Leveque. Finite volume methods for hyperbolic problems. - Cambridge University Press,

2002
5. M.H. Koran. /lunamuka pa3zpexeHHoro raza. Mocksa. 13z. "Hayka" 1967 r.

JomnonHurensHas aureparypa
1. I"'N.Mapuyk, MeTozpl pacueTa siAepHBIX PEakTopoB, - M.:1961r.
2. A.benn, C. I'neccron. Teopus sinepHbIX peakTopos, - M.: Atomuszaar,1974.
3. A l.®pank-Kamenenkuit MogenupoBanue TpaeKTOPU HEUTPOHOB NMPU pacueTe PeaKkTOpOB
MerogoM MoHre-Kapio, ®u3nka siiepHbIX peakTopos, - M.: Aromusaar, 1978r.

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

http://www.geuz.org/gmsh/
http://lib.mipt.ru/catalogue/1604/?t=492 — snexrponnas 6ubnuorexa dOusrexa

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIECTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHHBIC TEXHOIOTUH, BKIIIOYask IEMOHCTPALIHIO
npe3eHTauuii. B npouecce caMocTosTeNsHONU PabOThl 00yYarOIUeEcs UCTIONB3YIOT TaKHe
nHpopmanronnsle Texnonorun kak GMSH, MPI, OpenGL.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHCHUIIINHBI (MO)_Iy.Tlﬂ)

Crynentsl, wusydarompe Kypc «CeToyHble METOAbl M TEXHOJOTHH Ui YHCJICHHOTO pPELICHUS
KHHETHYECKOTO YpPaBHEHUS» JOJDKHBI OBJAAeTh OOIMM MOHATHHHBIM aNlapatoM W HAyYHUThCS
NPUMEHATh TEOPETUYECKHE 3HAHUSA Ha IpakTHKE. B pesynbrare WM3ydeHHS AVCHMIUIMHBL CTYIEHT
JIOJDKEH MMETh OCHOBHBIE TIPEJCTAaBICHUS O (U3MYECKUX mpoueccax, JeKalluX B OCHOBE
KMHETHYECKoW Teopuu bonbliMaHa, yMeTh 3aJaBaTh TIpaHUYHBIC YCIOBHSA Uil Pa3IMYHBIX 3a7ad
KMHETUYECKOW  TEOpUHM, pacCUuThiBaTb U  AHAIU3UPOBAaThb  Ia30KUHETHYECKUE  IIPOLIECCHI
TEIUIOMACCONEPEHOCA, PACCUUTHIBATH OCHOBHBIC (DHU3MYECKUE XAPAKTEPUCTUKH Ta30KMHETHYECKUX
IPOLIECCOB, 3HATh OONACTH NPUMEHEHHS KOMIBIOTEPHOTO MojenupoBaHus K KHynceHOBCKUM
MHUKpOHAcocaM pa3inuyHoro Tuma. CTyIeHT IOJDKEH OBIAAETh MPOEKUMOHHBIM METOAOM BBIYMCICHHUS
UHTErpaja CTOJKHOBEHMH yMETh Ha OCHOBE 3TOIO IIOAXOJA CO3[aBaTh KOMIIBIOTEPHBIE MOIENIU IS
ONMCAHMSI TA30KMHETHYECKUX MPOLECCOB B MUKpOycTpoiiTcTBax. [loka3arenem BiajieHHs MaTepuaioM
CIIy)XMT YMEHHE pellarh 3a/adll U OPUEHTHUPOBATHCS B KPyre BOMPOCOB, CBSI3aHHBIX C MPOOIEeMaMH
MPUMEHEHHs] YUCICHHBIX METOIOB I ypaBHEHHWH Maremarndeckodl ¢usuku. ns ¢gopmupoBaHus
YMEHUSI IPUMEHSTh TEOPETHYECKHE 3HAHUS Ha MPAKTUKE CTYIEHTY HEOOXOIMMO pa3paboTKa MporpaMm
U aJITOPUTMOB YHUCIIEHHOTO pEUIeHUs ypaBHEHUS boblMaHa.

YcnemHoe 0CBOCHUE Kypca TpeOyeT:

— TIOCEIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YUEOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJIeHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3YUCHHS,;

— pelieHue 3a/1ad, MpeiaracMbIX CTyJICHTaM Ha 3aHTHSX;



— TIOATOTOBKY K BBITIOJTHEHHIO 3aJaHHUI MPOMEKYyTOUHOM aTTeCTaltu.

[MokazareneM BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCITUILIUHEL.

BaxHo 10OWTHCS MMOHMMAaHUS M3yd4aeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu

3aTPYAHCHUHN HU3YUYCHUA OTACJIBbHBIX TEM, BOIIPOCOB, CJICAYCT OGpaH_IaTBCH 3a KOHCYJIbTALlUSAMU K
pernoaaBareiito.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: CynepKoMIbIOTEPHOE MOAETUPOBAHUE SIACPHBIX IPOLIECCOB U TEXHOJIOTUI
Du3TEX-1IKOIAa TPUPOAONOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOoJoruid uMm. U.B.
Kypuatosa
Kadeapa MOJICINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 4

KBaJIMpUKALUS: GakanaBp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
7 (ocennwuil) - luddepeHnpoBaHHblii 3a4€T

8 (BeceHHuit) - Jxk3aMeH

Pa3zpatGoTunk: @.I". YepemucuH, 1-p Gpus.-mMart. HayK, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CriocobeH npuMeHsTh
(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B
npo¢ecCHOHANBHON e TeNbHOCTH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
HaMeyarb IyTH €€ PELCHUS

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKHUe MOJEIH,
MPOU3BOAUTH KOJMYECTBEHHBIE PACUETHI U OLICHKH

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

OIIK-2 CriocobeH ucrnonb30BaTh COBPEMEHHbBIE
MH()OPMALMOHHBIE TEXHOJIOTUHU U
POrpaMMHBIE CPEACTBA MIPU PEIICHUHN 331349
poheCCUOHATBHOM JIeTENILHOCTH, COOTIOnas
TpeboBaHUg MHOOPMAIIMOHHOW OE30TIaCHOCTH

OIIK-2.2 3HaeT W yMeeT MPUMEHITb YHCICHHBIC
MaTeMaTHYecKue METOAbl U IPHUKIAJHOE IPOrpaMMHOE
o0ecrieyeHne Al pelIEHUs  HAyYHBIX  3a1ad B

npodeccuoHaIbHON 00nacTu

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPHKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKUE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
Hay4YHO-HCCIIEI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

OIIK-5.1 CnocobeH pemarb NOCTaBICHHBIE 33Ja4d B
obnactu TEOPETUYECKUX I/I IKCIIEPUMEHTAIBHBIX
UCCIIeJOBAaHUN U pa3paboToK

[IK-1 CnocoGeH m1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEIMETHOM 001acTH) U (MJIN) TEOPETUIECCKHUE
(aHaTMTHYECKHUE M IMUTAIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

IIOHATHUAMMU,

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHUA TIPOLIECCOB M SABIECHUN B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

[IK-1.8 Brnameer HaBbIKamMu pabOTBI C COBPEMEHHBIMU
SI3BIKAMHU [IPOIPAMMHUPOBAHUS M TPOTPAMMHBIMU TTaKETaMHU
ISl HAYYHBIX PacueToB

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH I PELLICHHS 3a]1a4 B
M30paHHON NIpeAMETHOH 00IacTH

[IK-3.3 YmeeT npou3BOANTH OLEHKY TOYHOCTH YHCIEHHBIX
METOJIOB, HCHOJB3yeMbIX Ha OBM, BbIYMCIHUTEIHHON
CIIO)KHOCTH  MCIIONB3yEMBIX  aJTOPUTMOB M o0beMa
TpeOyeMBIX BHIYHUCIUTEIBHBIX PECYPCOB

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesymprare u3ydeHHs IUCHUILIMHBI «CeTOYHBIE METOIBl M TEXHOJNOTHH JUIi YHCICHHOTO peIICHHS
KHHETHYECKOTO YPaBHEHUS 00yUaroImuiics JOMKeH:

3HATb:

- NPpUHIUIBI U MCTOJbL KHHETHYCCKOM TCOpUn BOJ'ILL[MaHa, MOJIYy4YCHHUA KOTCPCHTHOI'O HU3JIYyUCHUA,
(1)I/I3I/I‘-ICCKI/IC ABJICHUA, JICKAIIUC B OCHOBE METOAOB IIEPEHOCA I'a30B PIH3JIy‘IGHPII>i B CJIOKHBIX Cpe€aax u

KOMITO3HIIMSIX.
yMeTh:

- UACJICHHO pCHIaTh KUHCTUYCCKOC YPABHCHUC.

BJIaJd€Th:

- METOaMHU KOMITBIOTEPHOTO MOJAEIMPOBAHUS TA30KMHETUYECKUX MPOLIECCOB, METOAAMHU pa3padOTKU
po0JIEMHO-MOJIETTMPYIOIINX CPE HAa COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHCTEMAX.

3. IlepeyeHb THNOBLIX (IPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKyIleMy KOHTPOJII0




He npenycmorpeno.

4. llepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarumuxcst

KontponbHblie Bonpocs! ams cnadu 1upGepeHIupoBaHHOTO 3a4€Ta B 7-OM CeMecTpe:
Cerku.

Cerounble QpyHKIIH.

Pemenne OZ1Y nepBoro mopsiaxa.

Anmpoxcumanus nuddepeHuanbHON 3a/1a91 B YaCTHBIX MTPOU3BOIHBIX.
YpaBHEHHUE NEpeHocCa.

Paznocrtapie cxembl. CxomuMocTh. YeroitunBocTh. Teopema Kypanra.
CriekTpanbHBIA MTPU3HAK.

AN i

Pa3HocTHEIE CXeMEBI BTOPOIo nMopsAAKa TOYHOCTH. SIBHas YUCTBIPCXTOUCHHAA CXCMaA.

KoHTponbHbIE BONIPOCH! IJI Ca4y K3aMEHa B 8-OM CEMECTpE:

UckyccTBeHHas Ba3KkocTh. HesiBHaAs mecTUTOUEYHAS cXema.

Meton nporonku. TpexcioiiHasi pa3HOCTHAs CXeMa.

UucneHHOE penleHre ypaBHEHNE NTepeHoca U NIAJKUX U pa3phIBHBIX HAYAJIBHBIX YCIOBUH.
[TapazuTnueckne ocrumsanuy. [IoHATHE MOHOTOHHOCTH CXEMBI.

Teopems! I'onyHoBa. [TomHas Bapuanus.

TVD-cxemsl. Teopems! Xaprena. [IpumMepsl orpaHuunTENEH.

KoncepBaTuBHBIE CXEMBI.

AN i

[Ipobnema rpannunbix Touek ans TVD-cxem.

9. Kunetnueckoe ypaBHEHHE B CIy4dae AEHCTBHSI BHEIIHUX CHIL.
10. PacmienneHue cioKHOTO ypaBHEHHS.

11. IIpob6aema rpaHUYHBIX YCIIOBUI B CKOPOCTHOM IPOCTPAHCTBE.
12. TIporpammHas cuctema reaepaunu cetok GMSH.

[Ipumepsl 3K3aMEeHALMOHHBIX OUJIETOB B 8-0M ceMecTpe:
burer 1.

UckyccTBeHHas BA3KkocTh. HesiBHAS meCTUTOUEUHAS CXEMA.
burer 2.

Meton nporonku. TpexcnoiiHasi pa3HOCTHAs CXeMa.

Kputepun onennBanus

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (9 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3a7a4, CBOOOTHOE U MPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTAaBIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomro" (7 6aiioB) BBICTABISETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET Marepuall, TpaMOTHO U
[0 CYIIECTBY H3JaraeT ero, yMeeT NPUMEHSTH MOJy4YeHHbIC 3HAHUS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.

Onenka "xopomo" (6 0anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHATh IOJyYCHHBbIC 3HAHMS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.



Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAeT MaTepuall,
IPaMOTHO M IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyILIEHUs JIOTHYECKON MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero oOy4deHus, u
MOJKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (GOpMyIHpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3jeslaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIero o0y4eHus 1
C TPYZIOM IIPUMEHSET MTOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX NPUHIHUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne ommOKy B (GOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3aj1ay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNM olleHWBaHMS 3HAHWK OOydYaroIIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3Kk3aMeHaropa. Ompoc oOyuwatomierocs mo OWJIETY HE JOJDKEH MPEBBILIATh OIHOTO
acTpoHOMHYeCcKOoro yaca. OlneHUBaHUE 3HAHWW MPOU3BOJUTCS B COOTBETCTBUU C BBIIIEYKAa3aHHBIMU
KPUTEPUSIMHU B COOTBETCTBHH C COJEPIKaHUEM JUCIUILINHEL.



