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
THIA

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuiIb NOArOTOBKHU: Texanyeckasi pU3nKa KOCMHUUYECKUX JIETATEJIbHBIX aIlllapaToB

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIKCHHUSA KOMIICTCHIIMH

YK-6.1 Ymeer pemars 3aaa4vi COOCTBEHHOTO JIMYHOCTHOTO
U npodeccHOHANBLHOTO  pPa3BUTHS,  ONPENCIsITH U
peaTn30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
CcOOCTBEHHOM AEATENHHOCTH

YK-6 CriocobeH onpeiessTh U peaan30BhIBaTh
MPUOPUTETH COOCTBEHHOMN AEATENBHOCTH U

CIIOCOOBI €e COBCPLICHCTBOBAHUS Ha OCHOBE

VK-6.2 OueHuBaeT CBOIO ACATEILHOCTH, COOTHOCHUT IICJIH,
CaMOOILICHKH

CcrocoObl M CpEACTBAa BBIIOJIHEHUS JACATENBHOCTH C €&
pe3ynbTaraMu

OIIK-2.1 O6namaer ¢yHAAMEHTANBHBIMA U MPUKIAAHBIMH
3HaHUSMU B IPOMUIBHON 00JacTH TEXHUUECKON (DUBUKN

OIIK-2 CriocobeH 1eMOHCTPUPOBATh U
UCIIONIb30BaTh YITyOJICHHBIC TECOPETUUECKUE U
NpaKTUYECKUe 3HaHUs (QyHIaMEHTAIbHBIX U
NPUKJIAJHBIX HAYK, B TOM YUCIIE TEXHHYECKOM
¢buznkn

OIIK-2.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIIECJOBAHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-2.3 [ToHnMaeT MeXANCIUIIMHAPHBIC CBSI3U B O0OJIACTH
TEXHUYECKOH (HU3MKH M CHOCOOCH WX NPUMEHSTHh IPH
PEIICHUH NMPAKTHYECKUX 3a/1a4

OIIK-6.1 3HaeT ocHOBHBIC MpaBuiia 0GOPMIICHHUS OTYETOB,

edeparoB yOIMKaIui npe3eHTaIuH u
OIIK-6 CriocoOeH MpecTaBIsTh Pe3yabTaThl pedeparos, Y ’ P
HAyYHO-TEXHUYECKON TOKyMEHTaluh, B TOM HHCIE C
uccliieoBanysl B hopMax oT4EeTOB, pedeparos,
. . HCIOJIb30BaHUEM MPUKIIAJHOTO IPOrpaMMHOTO
MyOJIMKALUIA U TIPe3eHTAIHI
obecrieueHus

OIIK-6.2 Bnameer MeTogaMy BU3yalbHOTO U TpaduuecKoro
NPE/ICTaBICHUS PE3YJIBTaTOB HAYYHOH JESATCIHLHOCTH B BUJIE
OTYETOB, pedeparoB, MyOInKaIuii, Mpe3eHTaui

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
* ompejelieHue M OCHOBHBIE CBOMCTBA PelICHUH rUTiepOOIMYECKUX CUCTEM YPaBHECHHIA,
* TIpUMEPHI CUCTEM ypaBHEHH THIIEPOOINIESCKOTO THITA B MEXaHHUKE CIUIOIIHBIX CPEJ;
. KJIACCU()MKAIIMIO COBPEMEHHBIX YHUCIICHHBIX METOIOB PEIICHUS TUNEPOOIMYECKUX CHUCTEM
YpPaBHECHHUI.
YMETh:




* KOPPEKTHO IOCTABUTH 3aJady UL CUCTEMbl YpaBHEHUH rUIepOOIMIEeCcKOro THUIIa;
* BBIOMPATH YMCICHHBII METOA PEILICHU C YUETOM CIIEHU(PHUKHU peIIaeMon 3a1adu;

® BBI6paTB OINITUMAJIBHBIC aJITOPUTMBI;
¢ HOPpOBOAUTH TCCTUPOBAHHUC IIPOIrPAMM;

* CaMOCTOSTEIIBHO pelIaTh 3a/1a4k, CBOAAIINECS K CUCTEMaM T'HIIepOOINYeCKUX ypaBHEHHIA;
* 0CBavBaTh HOBBIE YNUCIICHHBIC METO/IBI U AJITOPUTMBL;
. 3G PEeKTUBHO HCIOIb30BaTh MH(MOPMAIOHHBIE TEXHOJIOTHMM M KOMIIBIOTEPHYIO TEXHUKY IS

JOCTHMKCHUA HCOGXOILI/IMBIX PE3YJIbTATOB.

BJIAJIETh:

* HaBBIKAMH OCBOCHHS OOJIBIIOr0 00beMa I/IH(l)OpMaLII/II/I;

* HaBBIKAMH CaMOCTOSITEIBHOM PabOTHI;

* KYJNBTYpOH MOCTAHOBKH U YHCJICHHOTO MOACTUPOBaHUS (DU3NUECKUX 3a]1ay;
. HaBBIKAMHM T'PAaMOTHOH 0OpabOTKM pe3ylbTaTOB YHMCIEHHBIX PAacdeTOB M COMOCTABICHUS C

TCOPCTUYCCKUMU JaHHBIMU.

4. Coep:xanue TUCUMILIUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TPYZ[OGMKOCTB 110 BUAaAM yqe6Hbe 3aH$ITI/II\/’I, BKJIrO4as

CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 l'unep6onuueckue cucreMbl ypaBHEHHUH B ] 10
MEXaHHKe
BBenenne B YHCIIEHHBIE ~ METOJBI
2 peiieHusT  TUNEpOOTUYECKUX  CHUCTEM 10 10
YpPaBHEHUI
CrenuanbHple  BOMPOCHI  YMCJIEHHOTO
3 pemieHuss  THIEpOONUYECKHX  CUCTEM 12 10
ypaBHEHUI
Nroro yacos 30 30
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.
4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)
1. Tunepbonnyeckue CUCTEMBl YPaBHEHUH B MEXaHUKE
Onpenenenne  runepOONMYECKOM  KBa3sWJIMHEHMHOH  CHUCTEMbl  ypaBHEHMI MopsiaKa.

Xapakrepuctuieckas QopMa THIEpOOTUYecKO cHucTeMbl ypaBHeHHH. CHCTEMBI ypaBHEHWIA,
BBIpaKaIOIME 3aKOHbI COXPaHEHUs B HHTErpanbHOi 1 auddepenunansuoil popme. Kiaccuueckoe u
00o06mienHoe pemenre. CooTHOIIEHUS Ha pas3pbiBax. [IpoOiema eaMHCTBEHHOCTH O00O0OIIEHHOTO
pewenus. IlpaBuna orOopa, 3HTpOINUitHOE pemeHre. Bompockl yCTOWYMBOCTH CHIBHBIX Pa3phIBOB,
IBOJIIOLMOHHOCTb, ycioBus Jlakca. YCTOMUMBOCTB yOapHBIX BOJH B Cpelax C IPOU3BOJIBHBIM

YPaBHCHUCM COCTOSAHUA.

Bonnsl Pumana. MuBapuanTel Pumana auHeHON cucTeMbl ypaBHEHHH. Perenne 3agadn o pacnazie
MPOU3BOIILHOTO pa3phiBa JIIsl TIMHEHHOM TUIepOOIMIECKOi CHCTEMBl YPaBHEHUH.

CtpykTypa pelieHus 3aJa4u o0 pachaje pa3pbiBa Ul HETMHEHHBIX THIEPOOTNUECKUX CHCTEM.




[TpumMeps! TUIIEPOOTMYECKUX CHCTEM YPaBHEHUH B MEXaHHMKe. YpaBHEHUsI Difiepa COKMMaeMoro rasa,
YpaBHEHUS PENATUBUCTCKOM M MarHUTHON TMAPOJMHAMUKH, YPABHEHNS HEJIMHEWHO-YIIPYTOM Cpebl,
YpaBHEHUS! ONUCHIBAIOLIUE PACIPOCTPaHEHHE BOJIH B HACHILIEHHON ITOPUCTOH cpezie. 3aiaun TeoOpuU
MHoro(ha3Ho# puasTpannu, CBOAALIMECS K TUIIEPOOIINIECKIM YPaBHEHUSIM.

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

Uucnennsiit meron ['ogynoBa. Merons! tuna Kypanra-U3akcona-Puca. AnmpokcuMaliys MOTOKOB U
MPUOIIKEHHBIE PEIICHUs 3aJjauu 0 pacnaze paspsia: MeToa Poy, meton Xaprena-Jlakca-Ban Jlupa
(HLL), meton HLLC, meton Jlakca-®punpuxca. ['nbpunasie meronsi: Roe-HLL, HLLC- HLL.
CxeMbl BBICOKOTO TOpsAKA anmpoKcUManuu. [lonnHoOMuaNbHAs PEKOHCTPYKIUs (YHKIHHA U
orpaanuntenu. CoiictBo TVD. TVD-cxemsl Broporo mopsijaka annpokcumaruu. Jlemma Xaprena.
[IpotuBonorounsie U neHTpanbHble TVD- cxembl. Meton nuHuil. HTErpupoBaHre MO BPEMEHU:
TVD cxembr Ha ocHoBe Mmeroma Pynre-Kyrra. Cxemst ENO u WENO. Csoiictea ENO
pexoHcTpyKIu. KoHeuHo-pa3HOCTHBIE M KOHeuHO-00beMHbIe ENO cxembr. O000mIeHHAs 3ajada
Pumana. O cxemax cemetictea ADER.

3. CrnenmanbpHble BOIPOCHI YUCIEHHOTO PELICHUs THIEepOOINYECKUX CUCTEM YpaBHEHUIH

MeTozp! JIOKaIBHOTO MpenoOycaaBiIuBaHus Ul THIEPOOIMYecKuX chucTeM. [locTaHOBKa rpaHUYHBIX
YCIOBUH sl CHCTEM ypaBHEHWI rumepOonmyeckoro Tuma. OCOOEHHOCTH  YHCJICHHOTO
MHTCTPUPOBAHMSI ypPABHEHMH, CBSA3aHHBIC C HauuyueM JAu(pQepeHInalbHbIX OrpaHUYCHHUH;
YpaBHCHUS MarHUTHOM THIPOJMHAMHKH, YPaBHEHHsS HEIMHEHHOH ympyroctu. MHOroMmepHas
HEYCTOWYHMBOCTH YUCIICHHBIX PEIICHH: KapOyHKYI-2((EKT, YNCIICHHBIE TECTHI.

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

yueOHast ayTUTOpHsl, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHIEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATyPbI

OcHoBHas 1uTeparypa

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

JomnonHutensHas auTeparypa

1. Teopetnueckas ¢usuka [Tekcr] : B 10 T. T. 6 : [maponunamuka : y4e0. mocoOue Jist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. J1. Jlaunay, E. M. JIndmmn ; mox pen. JI. I1. ITutaeBckoro
.— 5-e u3j., crepeoTHIl. — 3-€ u3fl., nepepad. — M. : dusmarnut, 1986, 1988, 2003, 2006 .— 736 c.

2. Jlunelinble ¥ 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. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

1. http://lib.mipt.ru/ — anekrponHas 6ubmroreka dusrexa
2. http://www.edu.ru — penepanbublii mopran «Poccuiickoe oOpazoBaHuey.
3. http://benran.ru —6ubIMOTEKA 1O €CTECTBEHHBIM HaykaM Poccuiickolt akajieMun Hayk.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)



HCIIOJIb3YIOTCA MyJ'ILTI/IMeZ[I/II\/'IHBIe TCXHOJIOI'MH, BKIIIO4ad JEMOHCTPALIAIO HpCSGHTaHHfI.
9. MeToauveckue YKazaHnus NJist Oﬁy‘lalOH.[HXCﬂ 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO}_Iy.Tlﬂ)

VYenemHoe ocBoeHHe Kypca «V30paHHBIE BONPOCHI YWCICHHOTO PEMICHUS CUCTEM YpaBHEHHIA
TUIEepOOIMIecKOro TUMay TpedyeT OONBIION CaMOCTOSTENbHON paboThl cTyneHTa. B mporpamme kypca
NPUBEICHO MUHUMAJIBHO HEOOXOMMOE BpeMs JIIsl padOTHI CTY/IEHTa HaJl TEMOH.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,

— ipopaboTKy ydeOHOTo MaTepurana (110 KOHCIIEKTaM JICKITUH, Y4eOHO! 1 HaydyHOU TUTepaType);
— peleHue 3a1a4, MPeiaraeéMbpIX CTYJICHTaM Ha JICKIUSX;

— TIOAITOTOBKY K DK3aMEHY.

Kontpois 3a paboTo¥ CTyIeHTa OCYIIECTBISIETCS B PE3YJIbTaTe WHANBUAYATHHBIX KOHCYJIBTAITUH.

[Ipu moAroToBKE MOYKHO UCIOJIB30BaTh CIEAYIOLINE MAaTePHAIbL:

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

2. Toaynor C.K., 3a6ponun A.B., Banos M., 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. CucremMbl KBa3WJIMHEWHBIX YPaBHEHUH M MX NPUIOKEHHUS K
ra3oBoii quHamuke. -M.:Hayka, 1978.

6. Maromenor K.M., XononoB A.C. CerouHo-xapaKkTepuUCTHUECKHe YHCclIeHHble MeTonbl. M: Hayka,
1988.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Texanueckas Qpusnka

npopuJib NOArOTOBKHU: Texauveckas Gu3NKa KOCMUYECKUX JIETATEILHBIX allapaToB
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 1

KBaJU(PUKAHA: 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-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO
U npodeccHOHANBPHOIO  pa3BUTHS,  ONpEAEsITb U
peann30BbIBaTh HPUOPHUTETHI COBEPIICHCTBOBAHUS
COOCTBEHHOM IESITELHOCTH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh
HNPUOPUTETHI COOCTBEHHOM JEATEILHOCTH U

CIIOCOOBI €€ COBCPHICHCTBOBAHUSA HAa OCHOBC

YK-6.2 OueHHBaceT CBOIO JIEATECIBHOCTh, COOTHOCHT IIEJH,
CaMOOILICHKH

CHOCOObI W CPEJCTBA BBITIONHEHUS JICATENBHOCTH C e€
pe3ynbraramu

OIIK-2.1 O6namaer ¢yHAAMEHTANBHBIMA U TPHUKIAIHBIMUA
3HAHWUSIMU B IPOPMITBHON 00JIaCTH TEXHUYECKOU (DU3UKU

OIIK-2 CriocobeH AeMOHCTPUPOBATh U
UCTIONIB30BaTh yITyOlIeHHbIC TECOPETUUECKUE U
MPaKTHYECKUE 3HAHHUS (QYHIaMEHTAIBHBIX U
NPUKIAJHBIX HAYK, B TOM YHCIIE TEXHHUYECKOH
¢$uznkn

OIIK-2.2 Cmocoben 00001maTe ¥ KPUTHYECKH OIEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-2.3 [NoHnMaeT MeXIUCIUILTHHAPHBIC CBSI3U B OOJIACTH
TEXHUYECKOH (HU3UKM M CHOCOOCH HX NPUMEHSTH IPH
pELIeHNH IPAKTUYECKUX 33134

OIIK-6.1 3HaeT ocHOBHBIC mpaBuiia 0GOPMIICHUS OTYETOB,

edepaToB myOIMKaIu pe3eHTalui "
OITK-6 Crioco6eH npeacTaBisTh PE3y/IbTaThl peceparos, Y ’ P
HAyYHO-TEXHUYECKON JOKYMEHTAllMd, B TOM 4YHCJIE C
UCceI0BaHus B opMax 0T4ETOB, pedeparos,
. . HCIIOJIb30BAHUEM HPUKITaTHOTO POrpaMMHOTO
MyOJIMKAIUIA U TIPe3CHTAIMI
obecneueHus

OIIK-6.2 Bnageer meTogamMu BU3yaJbHOTO U TpadudecKOro
MIPEeCTaBICHUS PE3yAbTATOB HAYYHOU NEATETLHOCTH B BUC
OTYETOB, pedeparToB, IMyOIUKAIN, TPE3CHTANN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare m3ydeHus AUCHMIUIMHBI «I30paHHBIE BONPOCHI YHCICHHOTO PELICHUS CHCTEM YpaBHEHUI
rUnepOOIMIECKOro THIa» 00yUYaIOLINIACS JOJIKCH:

3HAThb:

* OIllpeaesieHue U OCHOBHBIE CBOMCTBA PEILICHUH rHUIepOoIMIeCKIX CHCTEM YPaBHEHUH;
* TIpPHUMEpHI CUCTEM ypaBHEHUIl rHIepOOINIEecKOro TUIIa B MEXAHUKE CIUIOLIHBIX Cpel;
. KJIacCU()MKALMIO COBPEMEHHBIX YHCICHHBIX METOAOB PELICHHUS THIIEPOOIIMYECKUX CHUCTEM
YpPaBHECHHU.
YMeThb:

* KOPPEKTHO IOCTABUTh 3aJady UL CUCTEMbl YpaBHEHUH rUIepOOIMIecKoro TUIa;

* BBIOMPATH YMCICHHBII METOA PEIICHUS C YUETOM CIIEHU(PHUKH peIIaeMon 3a1adu;

* BBIOpATh ONTUMAJIBHBIEC AJITOPUTMBI;

* TIPOBOAWTH TECTUPOBAHUE IPOIPAMM;

* CaMOCTOSTEIbHO pelIaTh 3a/1a4k, CBOAAIINECS K CUCTEMaM THIIepOOINYeCKUX ypaBHEHHIA;
* 0CBavBaTh HOBBIC YNUCIICHHBIC METO/IBI U AJITOPUTMBL;

. 3G PEKTUBHO HCIOIb30BaTh HMH(MOPMAIOHHBIE TEXHOJIOTHMM M KOMIIBIOTEPHYIO TEXHUKY IS
JNOCTUKEHUSI HEOOXOIUMBIX PE3YJIBTaTOB.
BJIaJeTh:

* HaBBIKAMH OCBOCHHS 0OJIBIIOTO 00beMa HH(opMaIH;

* HaBBIKAMH CaMOCTOSTEIBHOM PabOTHI;

* KYJNBTYpOH MOCTAHOBKH U YHCJICHHOTO MOACTUPOBaHUS (HU3NUECKUX 3a]ay;

. HaBBIKAMHM T'PAaMOTHOH 0OpabOTKM pe3ylbTaTOB YHMCIEHHBIX PAacdeTOB M COMOCTABICHUS C
TEOPETUYECKUMH JaHHBIMH.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy 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
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IMPHUBCCTU CUCTEMY K CHMMCTPHUYIHOMY BUAY.

2. ®ysxkuus baknes umeer BUg
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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

a1 —

W

=

CED>—L i

A =1 -

i

3armmucath WENO pexkoHCTpYKIHIO TPETHETO MOPSAKA TOYHOCTH.
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5. Iycts cxema WP @ gpiisercs cxemoii TVD,

IMOKa3aThb, 4YTO CXEMaA TPETHETO MOpAAKAa TOYHOCTHU IO BPEMCHU
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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
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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.



