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: N36panHbIe BOIPOCH! YUCICHHOTO PEIICHNSI CUCTEM ypaBHEHHUH THIIEpOOINIECKOro
THUIIA

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: KomrmsiotepHoe MoaennpoBaHie (hrU3n4ecKux MpoLeccoB

dusTex-urkona A3pokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, (opMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 30 gac.
cemuHapsbl: () yac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

KonmnuecTBo KOHTPONBHBIX padoT, 3ananuil: 1

[Iporpammy cocrasuin: A.B. KoH1oxoB, kaH1. ¢u3.-Mar. HayK, CTapiIuil MpernoiaBaTeib

[Iporpamma obcyxaeHa Ha 3aceqannu Kadenpsl npukiaaHoi Mexanuku 18.03.2020



AHHOTANMA

[Iupoxuii CHeKkTp MareMaTHYEeCKUX MOJAeNeH B MEXaHWKE IPUBOIUT K THUIEPOOTUIECKUM CHUCTEMaM
YpaBHEHU B YacTHBIX TIPOM3BOJAHBIX. B pamMkax HacTosmiero Kypca Jaercs o0030p pasIudHBIX
MaTeMaTUYECKHUX ACIIEKTOB YHCICHHOTO PEIIeHUs TaKuX CHCTeM. PaccMarpuBaroTCs MpUOIMKEHHBIC METOIBI
pemenus 3amadu Pumana o pacmaje NpOM3BOJIBHOTO pa3phiBa, MPUMEHSEMBIE MPU MOCTPOCHUH YHUCICHHBIX
METOJIOB, TPHWHAUICKANMX THUIy |OAyHOBa, MPHUHIMMIBI TOCTPOCHHUS CXEM BBICOKOTO  IOpSIIKA
anmnpokcuMaIum, B yactHoctu, cxem TVD, ENO, WENO, ADER. 3arparuBatorcs BOIpPOCH MPUMEHEHUS
YUCJICHHBIX METOJIOB CKBO3HOTO CYETa MPU HAJIWYWU YAAPHBIX BOJIH BHICOKOH HHTEHCHBHOCTH, METOJOB
JIOKAIILHOTO TIpeo0yClaBIMBaHUs TUIIEPOOIMYECKUX CHUCTEM JUIS pacyera TEUYEHUH ¢ MalbIMH YUCIaMU
Maxa, a TakKe BBIYUCIUTEIbHBIC ACTIEKTHl YCTOWYMBOCTH YIAPHBIX BOJIH.

1. leau u 3apauu
eap AUCUMNIMHBI

* pa3BUTHE 3HAHUN U HABBIKOB MO YHCIECHHOMY PELICHHUIO CHUCTEM YPaBHEHUI rMIepOOIMYECKOro THIIA,
(bopMupoBaHuE NCCIIEIOBATEIbCKUX HABBIKOB M CHOCOOHOCTH IIPUMEHATH 3HAHUS HA MPAKTUKE.

3agauu AU CHUIIHHBI

*  Jarb CTyAeHTaM O0a30Bble 3HAHUS B OOJIACTH YMCICHHBIX METOIOB T'HIIEPOOIMYECKHX CHUCTEM
YpaBHEHMI;

* HAay4YUTh CTYACHTOB KOPPEKTHO CTaBHUTH 33Ja4y U BHIOMPATh METOJ PELICHUSI.
2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPABJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

Kon n HanMeHOBaHNE KOMIIETEHIIUU MHaukaTopsl JOCTHKEHUS KOMIIETEHIIUN
VYK-1 Cnocoben ocymectBisaTs kputnueckuid  |YK-1.2  OcymiecTBisier MOMCK  BapUaHTOB  PEILICHUs
aHaJn3 NIpOoOJIEeMHBIX CHTyalluii Ha OCHOBE MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE
CHUCTEMHOTO TIOAX0/1a, BhIpadaThIBaTh JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

CTpaTeruro AeUCTBUI

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN) OIIK-3.2 CnocoOeH HCIIOJb30BaTh HMCCIICAOBATEIbCKUE
pa3pabaThIBaTh MOJIXOBI K PEIICHUIO TUIIOBBIX |METOIBI MPU PEIICHHH HOBBIX 33/1ad, MPUMEHSS 3HAHUS B
Y HOBBIX 337124 B 00acTi npodeccHoHanbHOH — |pa3iuyHbIX 001acTIX HAYKH (TEXHUKH)

JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS PA3IMYHBIX METOIOB PELICHHS

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4 Crioco0eH ycIienHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU

aHaJIu3 pe3yJpTrara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B O0JIACTH
(bU3MKO-MaTeMaTHUECKUX HAYK U
UH(POPMALOHHO-KOMMYHHKAIIMOHHBIX

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0jacTu
(bHU3MKO-MaTEMaTHYECKUX HAyK JUIS PeIIeHUs IOCTaBICHHOM
3agaudl, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

TEXHOJIOTUHI
OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO

MPOBCACHUS HAYYHOI'O UCCICAOBAHUA

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJaCTH CBOEH MpodeCcCHOHATEHON

[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pemarh 3aj1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CriocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOHTH
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH MaTeMaTH4ecKue MOAEIH ISl ONUCAaHHUA H3y4aeMBIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHUH M MTPOIIECCOB, OIIEHNBATH KAY€CTBO pa3paboTaHHON
aHaJIM3UPOBaTh HAy4YHbIE TPOOIEMBI, [TOJy4YaTh |MOJEIIN

HOBBIC HAYTHBIC PE3YJIbTAThI [IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
PpE3yNbTaThI




3. IlepeyeHb MIIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXYJII0)
B pesynbrare 0cBOGHUS AUCHUIIMHBI 00Yy4aIOIINeCs JOIKHbI
3HaTh:
* OIlpejeNieHue U OCHOBHBIC CBOMCTBA PEIICHHUI IIepOoIMIecKX CHCTEM YPaBHEHUH;
* TpUMEpbl CUCTEM yPaBHEHHH IMUIEepOOTMUIECKOrO THIIA B MEXaHUKE CIUIOIIHBIX CPEN;
. KJIACCU(UKAIIMIO COBPEMEHHBIX YHCIEHHBIX METOJOB pEIICHHS T'MIEpOONINYECKUX CHUCTEM
YpaBHEHUI.
YMETh!
* KOPPEKTHO MOCTaBUTh 3a/1a4y ISl CHCTEMbI YPaBHEHUI rUIepOOINIECKOTO TUIIA;
* BBIOMpATh YHUCIIEHHBII METO/ PEIICHUS C YUYETOM CIIEHU(PHUKH PEIIaeMoi 3a/1a4H;
* BBIOpaTh ONTUMAJbHBIE aJITOPUTMBI;
* IIPOBOAUTH TECTUPOBAHUE IIPOIPaMM;
* CaMOCTOSTEJIFHO PelaTh 3aJa4uu, CBOSIINECS K CUCTEMaM TUIepOoInIecKuX ypaBHEHHIA;
* 0CBauBaTh HOBBIE YNCJIEHHBIE METO/IbI U AJITOPUTMBI;
. 3¢ (}EeKTUBHO HUCHONb30BaTh WH(GOPMALMOHHBIE TEXHOJOTHM WU KOMIBIOTEPHYIO TEXHUKY IS
JOCTHKEHUS! HEOOXOIMMBIX PE3yJIbTaTOB.
BJIaJIETh:
* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaITH;
* HaBBIKAMH CAMOCTOSITEIILHON pabOThI;
* KyJIBbTYPOI MOCTAaHOBKH M YMCIEHHOTO MOJEIMPOBAHMS (PU3NUECKUX 3a/1a4;
. HaBBIKAMHU TPaMOTHON 0OpaOOTKM pe3yJabTaTOB YHUCIECHHBIX PACU€TOB M COMOCTABJICHUS C
TEOPETUUECKUMU JTAHHBIMHU.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| l'inepOonuueckre cucTeMbl ypaBHEHHH B ] 10
MeXaHUKe
BBenenne B UMCIIGHHBIE ~ METOIBI
2 pelieHusi  THIEpOONUYECKHX  CUCTEM 10 10
ypaBHEHUI
CrenuanpHple  BONPOCHI  YHCIIEHHOTO
3 peiieHusT  TUNEpOOTMYECKHX  CHUCTEM 12 10
YpPaBHEHUI
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemecrtp: 2 (Becennuit)

1. anep6onnqec1<ne CHUCTCMbI ypaBHCHI/Iﬁ B MCXAaHUKC




Onpenenenne  runepOONMYECKOM  KBa3sWJIMHEHMHOHM  CHUCTeMbl  ypaBHeHMd 1  mopsika.
Xapakrepuctuieckas QopMa THIEpOOTUYecKO cucTeMbl ypaBHeHHH. CHCTEMBl ypaBHEHHIA,
BBIpaKaIOIME 3aKOHBI COXPaHEHUs B MHTErpanbHOi u auddepenunansuoil popme. Kiaccuueckoe u
o0o0menHoe pemenre. CooTHOIIEHUS Ha pas3pbiBax. [Ipobinema eaMHCTBEHHOCTH O00O0OIIEHHOTO
pewenus. IlpaBuna orOopa, 3HTpoINUitHOE pemieHre. Bompockl yCTOWYMBOCTH CHIBHBIX Pa3phIBOB,
IBOJIIOLMOHHOCTbh, ycioBus Jlakca. YCTOMUMBOCTB yHAAapHBIX BOJH B Cpelax C IPOU3BOJIBHBIM
YpPaBHEHHEM COCTOSHHS.

Bonnsl Pumana. MuBapuanTsl Pumana auHeHON cucTeMbl ypaBHEHHM. Perenne 3agadn o pacnazie
MPOU3BOJILHOTO pa3phiBa JIJIsl TIMHEHHOM TUIepOOIMIECKOi CHCTEMBI YPaBHEHUH.

CTpyKTypa pelieHus 3aJa4u o paciaje pa3pbiBa Uil HETMHEHHBIX THIEPOOTNUECKUX CHCTEM.
[TpumMepsl THIIEPOOTMYECKUX CHCTEM YPaBHEHUH B MEXaHHMKe. YpaBHEHUsI Difiepa COKMMaeMoro rasa,
YpaBHEHUS PEISTUBUCTCKOW U MArHUTHOW TMAPOAMHAMUKY, YPaBHEHUS HEJIMHEHHO-YNIPYTOil Cpeapl,
YpaBHEHUS! ONKCHIBAIOLIUE PACIPOCTPaHEHHE BOJIH B HACHILIEHHON ITOPUCTOH cpezie. 3aiaun TeOpuU
MHoro(ha3Ho# puasTpannu, CBOAALIMECS K TUIIEPOOIINIECKIM YPaBHEHUSIM.

2. BBC,I[GHI/IG B UUCJICHHBIC MCTOAbI PCIICHUA rnnep6onnqec1<nx CHUCTCEM ypaBHeHI/Iﬁ

Uucnennsiit meron ['ogynoBa. Merons! tuna Kypanra-U3akcona-Puca. AnmpokcuMaliysi MOTOKOB U
npuOJIMKeHHBIE PElICHUs 3a/1auu o0 pacnaje paspeiBa: Meron Poy, meron Xaprena-Jlakca-Ban Jlupa
(HLL), meton HLLC, meton Jlakca-®punpuxca. ['nbpunasie meronsi: Roe-HLL, HLLC- HLL.
Cxembl BBICOKOTO TMOpsiiKa anmpokcumanuu. [lonnHomMuanbHas peKOHCTPYKUUS (yHKUUH
orpannunteny. CpoitctBo TVD. TVD-cxemsbl BToporo mopsiaka annpokcumanuu. Jlemma Xaprena.
IIpotnBonorounsle u neHTpanbHble TVD- cxembl. MeTton nuHui. MHTErpupoBaHUE MO BPEMEHH:
TVD cxembr Ha ocHoBe wMmeroma Pynre-Kyrra. Cxemst ENO u WENO. Csoiictea ENO
pexoHCcTpykiuu. KoHeuHo-pazHOCTHBIE W KOHEUHO-O0ObeMHBIe ENO cxembl. O0oOuienHas 3amada
Pumana. O cxemax cemeiicta ADER.

3. CrnenmanbHble BOIPOCHI YUCIEHHOTO PELICHUs THIEepOOINYECKUX CUCTEM YpaBHEHUH

MeTozp! JIOKaIBHOTO MpeaoOyCcaaBiIuBaHus Ul THIEPOOIMYeCKUX chucTeM. [locTaHOBKa rpaHUYHBIX
YCIOBUH sl CHCTEM ypaBHEHWI rumepOonmyeckoro Tuma. OCOOEHHOCTH  YHCJICHHOTO
MHTCTPUPOBAHMSl ypPABHEHMH, CBsA3aHHBIC C HauuyueM JAupQepeHInalbHbIX OrpaHUYCHHUH;
YpaBHEHUS MarHUTHOM THIPOJMHAMHKH, YPaBHEHHS HEIMHEHHOH ympyroctu. MHOroMmepHas
HEYCTOWYHMBOCTh YUCIICHHBIX PEICHH: KapOyHKYI-2((EKT, YNCIICHHBIE TECTHI.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaATEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUIHBIM 000pya0BaHIEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. MOHOTOHHBIE Pa3HOCTHBIE CXEMbI BEICOKOTO TIOPSIJIKA aIMPOKCUMAIIMHN JJIsl CHCTEM YPaBHEHUH
runepOonudeckoro Tuna [Tekcr] : yueb. mocobue ais By3oB / A. A. Xomnonos, I1. C. Ytkus, A. C.
Xononos ; M-Bo oOpa3oBanus 1 Hayku P®, Mock. ¢us.-texH. uH-T (roc. yH-T) .— M. : MOTH, 2015
—069c.

JlomomHUTEbHAS IUTEpaTypa
1. Teopernueckas ¢usuka [Tekcr] : B 10 T. T. 6 : [maponunamuka : y4e0. mocoOue Jist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. JI. Jlaunay, E. M. JIndmmun ; mox pen. JI. I1. ITutaeBckoro
.— 5-e u3j1., crepeoTHIl. — 3-€ u3l., nepepad. — M. : dusmarnut, 1986, 1988, 2003, 2006 .— 736 c.
2. JIlunelinble 1 HeNMMHEHHBIE BOHEI [ Tekcr] : [yueb. mocobue st By3oB] / JIx. Yuszewm ; ep. ¢ anri. B.
B. XKapunoga ; nog pexa. A. b. lllabara .— M. : Mup, 1977 — 622 c.



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

1. http://lib.mipt.ru/ — snekrponHas Oubnarorexa dusrexa
2. http://www.edu.ru — penepanbnsrii mopran «Poccuiickoe 00pa3oBaHuE).
3. http://benran.ru —OnbaMOTEKA MO0 €CTECTBEHHBIM HaykaM Poccuiickoil akajeMun HayK.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasl lepeYeHb He00X0AUMOro NPpOrpaMMHOI0 odecredyeHust
H HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HCIIOJIB3YIOTCA MyJ'ILTI/IMeZ[I/II\/'IHBIe TCXHOJIOI'MH, BKIIIO4ad JEMOHCTPALIUIO HpCSGHTaHHfI.
9. MeToauveckue YKazaHnus QJist Oﬁy‘lalOH.[HXCﬂ 0o 0OCBOCHMIO JTUCHUIIINHBI (MO}_Iy.Tlﬂ)

VYenemHoe ocBoeHHe Kypca «V30paHHBIE BONPOCHI YMCICHHOTO PEMICHUS CUCTEM YpaBHEHHA
TUIEepOOoIMIecKOro TUMay TpedyeT OONBIION CaMOCTOSTENbHON paboThl cTyneHTa. B mporpamme Kypca
NPUBEICHO MUHUMAJIBHO HEOOXOMMOE BpeMs ISl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YTEHHE U KOHCIIEKTUPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,

— ipopaboTKy ydeOHOTO MaTepurana (110 KOHCIIEKTaM JICKIIUH, y4eOHO! 1 HaydyHOU TUTepaType);
— peleHue 3a1a4, MpeiaraéMbpIX CTyJICHTaM Ha JICKIUSX;

— TIOZITOTOBKY K DK3aMEHY.

KonTtpos 3a paboTo¥ CTyIeHTa OCYIIECTBISIETCS B PE3YJbTaTe HHANBUAYATHHBIX KOHCYJIBTAITUH.

[Ipu moAroToBKE MOYKHO UCIOJIB30BaTh CIEAYIOLINE MaTePHAaIbL:

1. AT Kynmuxosckuii, H.B.IToropenos, A.FO.CemeHOB. Maremarnueckue BOIPOCH YHCICHHOTO
pelIeHus TUIepOOIMYeCKUX CUcTeM ypaBHeHuid. M: @usmariut, 2001.

2. Toaynor C.K., 3a6ponaun A.B., UBanos M.A., Kpaiiko A.H., [Ipokonos [I1. Yucnennoe pemenue
MHOTOMEPHBIX 3a7a4 ra3oBoil nuHamuku. M: Hayxka. 1976.

3. Toro E.F. Riemann Solvers and Numerical Methods for Fluid Dynamics. A Practical introduction.
Berlin: Springer. 1997.

4. C. W. Shu, ENO and WENO schemes for hyperbolic conservation laws, NASA, ICASE Report, no
97-65.

5. Bb.JL.PoxnectBenckuii, H.H.Slnenko. Cucrembl KBa3WJIMHEWHBIX YPaBHEHUH M MX NPUIOKEHHUS K
ra3zoBoii quHamuke. -M.:Hayka, 1978.

6. Maromenor K.M., XononoB A.C. CerouHo-xapakTepuUCTHUECKHe YHCciIeHHble MeTonbl. M: Hayka,
1988.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: KommproTepHOE MoziennpoBanne (GPU3MIECKUX MPOIECCOB
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 1

KBaJupuKaAnus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.B. KoH1oxoB, kaHz. ¢u3.-MarT. HayK, CTapIInil MpernoaaBaTeib



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.2  OcymiecTBisieT TOHUCK BapHaHTOB
MOCTAaBJICHHOH  NpoOJIEMHOW  CHUTyalluu Ha
JOCTYIHBIX HCTOYHUKOB MH(pOPMAIUN

pelieHus
OCHOBE

OIIK-3 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHambLHON
JIeATEIIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPHU PEIICHUN HOBBIX 3a]ad, PUMEHSsS 3HAHWUS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IIPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSs 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX ITPOYKTOB

OIlK-4.2 CrocobeH TpuUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMAaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auu, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHPOBAaHO BBIOMpATh CIIOCOO
MPOBEJCHUS HAYYHOTO MCCIIEA0BAHUS

[IK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIie pa3padaThIBaTh U
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3UPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCAaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHOU
MOJENN

IMK-1.3 CnocobeH NpUMEHATh TeopeThueckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3are M OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare m3ydeHus AUCHMIUIMHBI «30paHHBIE BONPOCHI YMCICHHOTO PEUICHUS CHCTEM YpaBHEHUI
TUIMEepOOINIECKOro THITa» 00yUYaIONIHICS JOKCH:

3HATb:

* OIpejeNieHue U OCHOBHBIC CBOMCTBA PEIICHHUI IMIepOoIMIecKX CHCTEM YPaBHEHUH;
* TpUMEpbl CUCTEM yPAaBHEHHH IMUIEepOOTMUYECKOrO THIIA B MEXaHUKE CIUIOIIHBIX CPEJ;
. KJIACCU(UKAIIMIO COBPEMEHHBIX YHCIEHHBIX METOJOB pEIICHHS T'HIEpPOONINYECKUX CHUCTEM

YpaBHEHUN.
YMeEThb:

* KOPPEKTHO MOCTaBUTh 3a/1a4y ISl CUCTEMbI YPaBHEHUI rUIepOOINIECKOTO TUIIA;
* BBIOMpATh YHUCIIEHHBII METO/ PEIICHUS C YUETOM CIIEHU(PHUKH PElIaeMoi 3a1a4H;

* BBIOpaTh ONTUMAJbHbIE aJITOPUTMBI;
* IIPOBOAUTH TECTUPOBAHUE [IPOrPaMM;

¢ CaMOCTOATCIIBHO pCIAaTh 3aa4u, CBOAANIUCCA K CUCTCMaM FHHepGOHH‘IGCKI/IX ypaBHeHHfI;
¢ O0CBaMBaTb HOBBIC YUCJICHHBIC MCTOABI U aJITOPUTMBI;

° 3(1)(1)6KTI/IBHO HUCIIOJb30BaThb I/IH(i)OpMaL[I/IOHHBIe TCXHOJIOTMX U KOMIBKOTCPHYHO TCXHUKY

JOCTHIKCHUA H€O6XOI[I/IMBIX PE3yIbTaToB.
BJA€Th:

IS




* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaIH;

* HaBBIKAMH CaMOCTOSITEIBHON PadOTHI;

* KyJIBTYpOIl IOCTAHOBKM M YHUCICHHOTO MOJICTUPOBAHUS (PU3NUECKHX 3a/1a4;

. HaBbIKAMH T'PaMOTHOH 0OpabOTKM pe3yJlbTaTOB YHCIECHHBIX PAcYeTOB M COIOCTABJICHUS C
TEOPETUYECKUMU JTAaHHBIMH.

3. IlepeyeHb THNOBBLIX (IIPHMMEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0



3. IlepeyeHb THNOBBIX KOHTPOJBHBIX 3a/IaHMIl, HCHOJIb3yeMbIX A8 OLEHKH 3HAHUIA,
YMeHUil, HABbIKOB

Texymui KOHTPOJIb 3aKJIFOYAETCS B y4YETE MOCEUICHUS CTYACHTaMU 3aHATHUM, a TaKKe B ydeTe
TE€X WJIM HHBIX BHUJOB AaKTMBHOCTH CTYIEHTOB Ha 3aHATHIX, OOCYXIEHUS BO3HUKAIOLIUX
BOIIPOCOB I10 TEKYLIEMY MaTepuaiy ! T.II.

IIpn BBICTABIEHUM HUTOTOBOM OLICHKM IIEPBOCTEIEHHOE 3HAYEHUE IPUAACTCS OTBETY Ha
JK3aMeHe

IIpumepsl 3agaHuii 11 TEKyLIEro KOHTPOJIS

1. 1D cucrema ypaBHEHHUI MEIKOU BOJABI UMEET BUJL

I/ICHOHBBYH JIOTIOJIHUTEIIbHBIN 3aKOH COXpPaHCHHUA

DT ED-C
rie EHcEkEntOPicPral

IMPHUBCCTU CUCTEMY K CHMMCTPHUYIHOMY BUAY.

2. ®ysxkuus baknes umeer BUg

o= -
1S I
OIIPECTUTh aMILIMTYy CKaukKa HACHIIEHHOCTH B 3afaue bakmes-JIeBeperrta, ecin
Ha4daJiIbHasi HACBIIIECHHOCTDb HOpI/ICTOﬁ CpCabl BBITeCHﬂIOH.Ieﬁ KUIAKOCTBIO paBHA

HYIJIIO.

3. HYCTB sBHasi CXEMa 3aIlliChIBaCTCsA B BUJIC

IMOKa3aTb, YTO IMPU BBITIOJTHCHUHN yCHOBI/Iﬁ
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naHHas cxeMma sBisieTcst cxemoit TVD (Jlemma Xaptena).

4. Vcnionb3ys annpoKCUMaluu
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3armmucath WENO pexkoHCTpYKIHIO TPETHETO MOPSAKA TOYHOCTH.

m v
5. Iycts cxema WP @ gpiisercs cxemoii TVD,

IMOKa3aThb, 4YTO CXEMaA TPETHETO MOpAAKAa TOYHOCTHU IO BPEMCHU

(RS = Sl I X T W

Takxke gBisiercs cxemoit 1VD.

6. B 3amaue baxnes-JleBeperta monHBI MOTOK (uiabTpanuu paseH W,

nopucTocTs .



Haiitu cxkopocTh pacnpocTpaHeHUs CKauyka HACHIIIEHHOCTH, eciu GyHKuusa bakies

HUMCCT BUJ

[TpomexxyTouHasi aTrecTamus MO AUCHUILTUHE «VI30paHHBIE BOIMPOCHI YHCICHHOTO pEHICHUs
CUCTEM YPaBHEHMI rMIepOOINIECKOr0 TUIIa» MIPOBOAUTCS B popMe 3K3aMeHa (YCTHOTO).
DK3aMEHAIMOHHBIA OWJIET BKIIOYAeT B ce0s BONPOC MO BHIOOPY, KOTOPBIM CaMOCTOSITENBHO
BBIOHpAETCsI CTYIGHTOM M3 IPOTpaMMbl Kypca U COTJIACOBBIBACTCS C IIPETOAaBaTeieM.

HpI/IMepH 9K3aMCHAIlUOHHBIX 6I/IJ'ICTOB, HMCIIOJIb3YEMBIX IJI IPOBEIACHUS SK3aMCHA:

DK3AMEHAIIMOHHbBIN BUJIET Ne 1
1. Bomnpoc no BeiOOpy

2. TunepOonuyeckue cHCTEMbl ypaBHEHUH. 3akoHbl coxpaHeHus. Kiaccuueckue u
00o00mienHbIe pereHns. COOTHOIIECHHUS Ha CHIIBHBIX pa3phIBax.

3. ®ynkuus bakies nmeeT BUI

1
R TSTCER

ONPEAEIIUTh aMILUIMTY/ly CKauKa HAChIIEHHOCTH B 3a1aue bakies- JIleseperra.

DK3AMEHAIIMOHHbBIN BUJIET Ne 2
1. Bompoc no Bei6opy

2. Mertoxn I'ogyHoa. CTpyKkTypa pelieHus 3aaud O pacrajie pa3pbiBa JUIs HEIMHEHHBIX
TUNEPOOTNYECKUX CUCTEM.

3. HYCTB sSIBHaAs CXEMa 3aIlTUChIBACTCS B BUC
n+1

— " n
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TI0Ka3aTh, YTO €CJIM BHIIOJIHEHBI YCIOBUS

C_ 1,20,
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C i 12tC <L

ITaHHas cxema sBisgercs cxemon T VD.

3K3AMEHAHI/IOHHBH>T BMJIET Ne 3
1. Bompoc no BeI6Opy
2. IlpubnmxeHHbIE METOABI peIIeHHS 3amaud  PumaHa o pacmajae paspbiBa  JUIs

KBa3WJIMHEWHBIX cucTeM ypaBHeHuil. Merton Poy. OHTponwuiiHas koppekuus. Meromabl
HLL, HLLC u Jlakca-®punpuxca.



3. B 3amaue baknes-JleBeperra mosHbll moTok (uibTpanuu paseH W, HOPUCTOCTH ¢ .

Haiitn ckopocTh pacnmpocTpaHeHusi CKayka HachlllleHHOCTH, eciu (yHkuus baxnes
MMeEET BUJT

352
b(S) =

352+(1-S)*

4, Kputepuu oueHUBAHUS

oueHka «omm4Ho  (10)»  BbICTaBHIsieTCAs  CTYAEHTY, IOKa3aBIIEMY  BCECTOPOHHHE,
CHCTEMaTH3HpPOBAaHHbIC, TNIyOOKHE 3HAaHMA Y4E€OHOH NpPOTrpaMMbl JUCHHUIUIMHBI IIPH OTBETE
9K3aMEHAIIMOHHOTO OMJIeTa U OTBETE Ha BOIMPOCHI IO IPOrpaMMe AUCHHUIIIHHBL;

OlleHKa «OTIMYHO (9)» BBICTaBISIETCS CTYACHTY, IIOKa3aBIIEMYy CHCTEMaTU3UpPOBaHHbIE,
NIyOOKHE 3HAHUS y4eOHOW MpOTrpaMMbl JUCIUILIMHBI TIPU OTBETE IK3aMEHAIMOHHOTO OWMJIeTa U
OTBETE Ha BOIIPOCHI 10 IPOrpamMMe JUCLUIIINHBL;

OLIEHKA «OTJIUYHO (8)» BBICTABISETCA CTYJECHTY, [TOKa3aBLIEMy CUCTEMAaTU3UPOBAHHbBIC, 3HAHUS
y4eOHOI TpOoTrpaMMbl JUCHUIUIMHBI MPH OTBETE 3K3aMEHALMOHHOTO OWieTra W OTBETEe Ha
BOIIPOCHI I10 IPOrpaMMe JUCLHUIIINHBI,

OLCHKA «XOpOoIIo (7)» BBICTABJIACTCA CTYACHTY IIO PE3YyJIbTaTaM 3K3aM€E€HaA, €CJIN OH TBEPAO 3HACT
Marceprall 3K3aMCHAIlMOHHOI'O 6I/IJI€Ta, rpaMOTHO HW IO CYIICCTBY H3JjJara€r c€ro, ymeceT
IMPUMCHATH IOJYUCHHBIC 3HAHUA HA IMPAKTHUKEC, HO JOIMYCKACT B OTBCTC HWJIM B PCIICHHU 3a1ad
HCKOTOPbIC HECTOYHOCTH,

OLOCHKa <«XOpoHIo (6)» BBICTABJIAICTCA CTYACHTY IIO PE3YyJIbTaTaM 3K3aMCHaA, €CJIKM OH 3HACT
Marcepral SK3aMCHAIIMOHHOI'O 6I/IJIeTa, o CymeCTBy wu3jlaract €ro, YyMCECT IMNPHMCHATH
MOJIYYCHHBIC 3HAHUS HA ITPAKTHUKE, HO JOITYCKAaCT B OTBETC MHOT'O HeTOQHOCTeﬁ;

OIICHKa «XOpouIo (5)» BBICTABJIACTCA CTYACHTY IO PE3YyJIbTaTaM 3K3aMCH4, €CJIM OH 3HACT
MaTcpHrall SK3aMCHAIITMOHHOT'O 6I/IJ'I€Ta, n3jaracTt €ro, yMe€T NpuMCHATh MMOJYUCHHBIC 3HAHUA Ha
IMMPAKTHUKE, HC NJOITYCKACT B OTBCTC FPY6LIX OH_II/I6OK;

OLICHKAa «YJIOBJICTBOPUTEIBHO (4)» BBICTABIISCTCS CTYICHTY MO pe3yJbTaTaM dK3aMeHa, eCIIH BO
BpeMsl OTBeTa HSK3aMEHAIlMOHHOro Owiiera OH MOKa3al (parMeHTapHbIM, XapakTep 3HaHUH,
HE/I0CTaTOYHO MpaBUIIbHbIE (HOPMYIUPOBKM Oa30BBIX MOHATHHA, HO NPU 3TOM OH BIajeeT
OCHOBHBIMH pa3zjieiaMy yueOHON pOorpaMMbl, HEOOXOIUMBIMHU IS JAJIIbHEUIIIET0 00yUEeHHUS;

OLIEHKA «yJOBJIETBOPUTEIBHO (3)» BBICTABISETCS CTYAEHTY IO Pe3yJIbTaTaM JK3aMEHa, €ClId BO
BpeMs OTBETa 5K3aMEHAlMOHHOIo OujieTa OH IOKa3al pPa3pO3HEHHBIM XapakTep 3HaHH,
HEJOCTaTOYHO TMpaBUiIbHbIE (OPMYIMPOBKM Oa30BbIX MOHATHH, HapylUIEHHE JIOTMYECKOM
MIOCJIEIOBATEIbHOCT B H3JIOKEHUU IPOrPaMMHOIO Marepuala, HO IIPU OTOM OH BIIAJEET
OCHOBHBIMH pa3jieflaMU yueOHOW MporpamMmbl, HEOOXOAMMBIMU [UIsl AajbHEHIIEro o0yuyeHus u
MOYKET MIPUMEHSTH MOJIy4YSeHHbIE 3HaHUs 0 00pasily B CTAHJAPTHOU CUTYallUH;

OLICHKA «HEYJIOBJICTBOPUTEIHHO (2-1)» BBICTABIISIETCS CTYACHTY IO Pe3yJbTaTaM dK3aMeHa, eCITH
BO BpeMs OTBeTa HK3aMEHAllMOHHOTO OuieTa, OH MOoKa3aJ, YTO HE 3HaeT OoJyblIeld yacTu
OCHOBHOTO COJIep)KaHus y4eOHOW MporpamMMmbl JUCUUIUIMHBI, JOMYCKAaeT rpyOble OMMOKH B



(I)OpMy.]II/IpOBKaX OCHOBHBIX TTOHSITHHU AUCHUIITIMHBI XU HC YMCCT HCIIOJIb30BATL ITOJYYCHHLIC
3HaHUW IIPU pCHICHUN TUITOBBIX MPAKTUYCCKUX 3aaa4.

5. Metoauyeckue MaTepHuaJibl, ONpeaesilOIHe Mpoue1ypbl OLlCHMBAHUS 3HAHW, YMEHHIA,
HABBIKOB M (MJIM) ONbITA J€ATEJIbHOCTH

[Ipy mpoBeneHHM YCTHOTO SK3aMeHa oOOydamomemycsi mnpenocrasisercs 60 MuHYT Ha
noAroToBky. Omnpoc oOydaromnierocss mo OWUJIeTy Ha YCTHOM 3K3aMEHE HE JOJDKEH IPEBBIIIATh
JIByX aCTPOHOMUYECKHUX YaCOB.

Bo Bpems mpoBeneHHs 3K3aMeHa IIPU MOJArOTOBKE OTBETOB Ha OWJIETHI, OOyYaroluecs: MOTyT
MOJIb30BATHCS IPOrPAaMMOM JUCLUUIUIMHBI, KOHCIIEKTAaMH JICKIIMHA, CEMHHAPOB U JI000# Apyroi
JIUTEPATypOil.

Bo Bpems mpoBeneHust SK3aMeHa MPH OTBETe 00yYaromIerocss Ha BOMPOCHI M0 OWJIETY HIIU IO
porpaMMe JUCUUIUIMHBI, OH HE MOJKET I10JIb30BaThCs KOHCIIEKTaMH JIEKUMH U CEMHHApOB U
T000M IpyToit TUTEpaTypoi.



