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

YTBEPXKJAEHO
3aBenyrommuii kagenpoi

C.C. HeroasieB

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

N0 THCHUTIJINHE: ['a30aMHaMKKa BHICOKOCKOPOCTHBIX JICTATENIBHBIX alapaTroB
10 HANPABJICHHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa
npo¢uib NOArOTOBKHU: I'eoxocMuYecKre HayKH ¥ TEXHOJIOTUH

®usrex-mrkoia A3poKocMUYecKux TeXHONOruit
kadeapa MPUKITaTHON MEXaHUKH

Kypc: 4
KBaJIMpUKALS: GakanaBp

CemecTpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
6 (Becennwii) - AuddepeHunpoBaHHbIN 3a4eT

7 (ocenHwuil) - Dx3aMeH

AynuTOpHBIX 4acoB: 75 BCETO, B TOM YHCIIE:
JIeKIH: 75 vac.
cemuHapsl: 0 yac.
nabopatopusele 3ansaTus: 0 gac.

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 180, Bcero 3au. en.: 4
KonuecTBo KOHTPONBHBIX paboT, 3a1aHuil: 4

[Iporpammy coctaBuiIu:

JI.H. MuHomkuH
B.B. Kypamios

[Iporpamma obcyxieHa Ha 3acefanny Kadeapsl npukiaaHoi Mexanuku 18.03.2020



AHHOTANMA

Jucnumiraa "['a3on1nHaMuKa BRICOKOCKOPOCTHBIX JI€TaTeIbHBIX almnapaToB” OaeT CTy[AeHTaM MpeCTaBICHHE
0 TEYEHHSIX raza C BBICOKMMHU CKOPOCTSIMH, JEMOHCTPHPYET OCOOCHHOCTH BBICOKOCKOPOCTHOH Ta3oBOM
JTUHUMHKH.

JlucuuIuiiHa MOMOraeT CTyAeHTaM OOBJIZIeBaTh YMCICHHBIMH METOINAMM IJIsl PELICHUS TUNEpOOINYECKUX,
napaboIMYecKuX W DIUIMOTUYECKUX YPAaBHEHWH; COBPEMEHHBIMH MHCTPYMEHTaMH Al 00paboTku
YHUCJICHHBIX JaHHBIX.

Kpr pacCuuTaH Ha CTYACHTOB MATCMATUKO-MCXAdHUYCCKUX, (1)I/I3I/I‘leCKI/IX (I)aKyJ'ILTeTOB YHUBCPCUTCTOB,
TEXHUYCCKUX 3BYKOB, CTICHUAJIN3UPYIOINXCS B obnactu ruapora3oaHaMHuKUH.

1. lean u 3apa4un

Henp AucUMNIAHBI
- o0ecrevnTh OCBOCHHUE CTYJICHTAMH OCHOBHBIX MPEJACTABICHUH O TEUCHHAX Ta3a C BHICOKUMHU
CKOPOCTSIMH.

33)13‘11/[ JAUCHUIIINHBI
¢ JaTb CTYACHTaM 0a30BLIC 3HAHUS B 00JIACTH Ta30BOU JUHaMUWKH;

° Hay4YuTb CTYACHTOB Ha MNpPUMCPAX U 3adadaX CTPOUTb Ta30AWMHAMHUYCCKHC KapTUHBI TC‘-IGHI/II\/’I,
CaMOCTOATECJIbHO aHAJIM3UPOBATH IOJIYYCHHBIC PE3YJIbTAThI;

* IPOIEMOHCTPHPOBATH OCOOCHHOCTH BBICOKOCKOPOCTHOM Ia30BOM TMHAMUKH.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHINA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CniocobeH npuMeHSTh HAMEYATD MyTH €€ PEIeHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJEIH,
oOnacT (pU3MKO-MaTeMaTHUECKUX U (MITH)

MPOU3BOAUTDH KOJIMUCCTBECHHBIC PACYCThI U OLICHKU

C€CTCCTBCHHBIX HAYK, U UCIIOJIb30BaTh UX B

MPO(ECCHORATBHOM MESTETBHOCTH OIIK-1.3 CnocobeH ompenensTs TpaHUIBl TPUMEHHUMOCTH

MOJIYYCHHBIX PC3YJIbTATOB

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

[MK-4 CriocoOeH KpUTHYECKH OIIEHUBATh [IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
METO/IOB JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBECHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEH

3. IlepeyeHb MVIAHMPYEMBIX Pe3yJIbTATOB 00y4YeHHS 110 AMCHUILINHE (MOXY.II0)
B pesynbrare 0cBOHHS AUCLUIIIMHBI 00Yy4alOIINeCs JOIKHbBI
3HaTh:
* (yHIameHTaIbHBIE MOHATHSA, 3aKOHbI, TEOPUH KJIACCHYECKON M COBPEMEHHOM MEXaHUKH;
* MOPSAJIKM YUCIICHHBIX BEJIWYHH, XapaKTEPHBIC JJIs1 Ta30AMHAMHUKH BHICOKOCKOPOCTHBIX JIETaTEIbHbIX

anmaparos;
* COBpPEMEHHBIE MPOOIEMbI MEXaHUKH CIUIOIIHBIX CPEI.

YMETB:




° MMOJIb30BATbCAd CBOUMHU 3HAHUSAMU JIA PCHICHUA (bYH)IaMeHTaJ'H)HLIX U TMNPUKJIAAHBIX 3a4da4 U

TCXHOJOTUYCCKHX 3aJa4,

¢ [AcJIaTb HPaBUJIbHBIC BBIBOJALI U3 COITIOCTABJICHUA PC3YJILTATOB TCOPUU U SKCIICPUMCHTA,

¢ TMPOU3BOAUTH YUCJICHHBIC OLICHKHU 110 NMOPAAKY BEJINIUHBI;
¢* BHJACTH B TCXHHYCCKHUX 3aJJa4ax (1)I/ISI/ILIGCKOC COACPIKAHUC,

® OCBaMBaTb HOBBLIC MIPCIAMCTHBIC 06HaCTI/I, TCOPECTUUYCCKUC TMOAXOAblI M ISKCIHCPHUMCEHTAJIbHBIC

MCTOAMKH,

® MOoJIydyaTb HaWJIydIIMC 3HAUCHHSA HU3MEPACMBIX BCJIMYWMH U MNPAaBUWIBHO OLCHUTH CTCIICHb HX

AOCTOBCPHOCTH,

. 3G PEKTUBHO HCIOIb30BaTh HMH(MOPMAIOHHBIE TEXHOJIOTHMM M KOMIIBIOTEPHYIO TEXHUKY IS

JOCTYDKEHUST HEOOXOIUMBIX TEOPETHUECKUX U MPUKIIATHBIX PE3YIIBTATOB.
BJIAJIETh:

* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpopMaIH;

* HaBBIKAMH CaMOCTOSTSIBbHOMN pa6OTLI;

* KyJIbTYPOI MOCTAaHOBKM M MOAETMPOBAHMS (PU3MUECKUX 3a/1a4;

° HaBbIKaMH FpaMOTHOﬁ O6pa6OTKI/I PE3YJIbTATOB OIIbITA W COIIOCTABJICHUA C TCOPCTUYCCKHUMU

JaHHBIMU;

° HpaKTHKOﬁ HCCIICAOBAaHUA U PCHICHUA TCOPCTUUCCKUX U TPUKITAIHBIX 3a/1a4.

4. Conep:xanue TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacoB H BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs

CaMOCTOATCIIbHYTO pa60Ty, qac.

Ne Tema (pa3znein) AMCUUTUIMHBL
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI Camoct.
pabora
| Pacuér Hec)kmMaemMoro TeUeHHS, 3ajada 14 14
TEIUIONPOBOAHOCTH
2 Pacuér TeueHUH cokMMaeMOH KHIKOCTH 14 14
3 Apantanusi W JABWKCHHE PacyETHBIX 1 1
CEeTOK
4 Conpsk€HHBIE pacuEThI 6 6
5 Pabora c¢ cynepkommbiorepoM. OCHOBBI 12 12
C++ u Python
6 Merton KOHTPOJIBHOTO o0beMa. 12 12
Bosmoxuaoctu OpenFOAM
7 T'otoBsie comBepsl OpenFOAM 6 6
Nroro gacos 75 75
ITonroToBka k 3K3aMeHy 30 gac.

OO01mas TpynoEMKOCTh

180 ygac., 4 3au.en.

4.2.

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

Cemecrtp: 6 (Becennuit)

1. Pacuér Hec:)xnMaeMoro Te4eHHs, 3a/1a4ya TEIUIONMPOBOIHOCTH




ITocTpoeHne OMHOMEPHBIX, ABYMEPHBIX U TPEXMEPHBIX PACUETHBIX ceTOK. CTPYyKTypHUpOBAaHHbBIE U
HECTPYKTypHpOBaHHBIC pacuéTHEIe ceTku. CeTounblie reHeparopsl blockMesh, cartesianMesh, gmsh,
salome. Bubnuoreku WHTEPHONANMHM JaHHBIX. MeTos KOHTpoibHOro oObemMa B OpenFOAM.
Anmpokcumanys TPOU3BOJHOM MO BPEMEHHM M HMCTOYHHMKOBBIX WICHOB. ANMPOKCHMAIUS BSI3KHUX
4jeHOB. SIBHas W HesiBHas cxeMbl. CONMBEpHI ISl pelIeHus HeckuMaeMbIx TeueHuit (Pressure based
method). SIMPLE anroputm. Pacuér Teuenns B TpyOe, pacd€r mporpeBa B TpEXMEPHON IOCTaHOBKE.
I'pann4HbIC yCIOBHUS NEPBOrO, BTOPOrO M TpeThero poxaa. OTobpaskeHME M aHAIU3 PE3yJIbTaTOB
pacuéra, paraview.

2. Pacyér TeueHNH C:)KMMaeMOM KHIKOCTH

Pacuérer Ha ocHoBe cranmaptHoro pemarens rhoCentralFoam. OqHoMepHBIE TeueHHs — 3a7ada o
pacrmazie pa3pbiBa, CpaBHEHHE C AHAINTHYECKUM PELICHUEM.

[Timockoe Teuenue. TedeHue Ha ycTyne, OTpaXXeHUE yAapHbIX BOJIH.

[BymepHBIE OceCUMMETpHUUYHbIE TeueHUs. IlocTpoeHue ceTok, pacdéT TEUYEeHHs] B COIUIE, PAacuér
3aTOINIEHHOM CTpYH.

Pacuér oOTekanus cepbl B TpEXMEPHOI MOCTAaHOBKE MPY Pa3HBIX 3HAUECHUIX YHCIIa PEHHONbIaca Ha
HECTPYKTypHUpOoBaHHOU ceTke. OmpenereHrne a’dpoIuHAMHUYECKUX XapakTepucTuK. OTXox ynapHOM
BOJIHBI.

Pacuérpl Ha HECTPYKTYpUPOBAaHHBIX ceTKaX. CHIIbHBIIN B3pHIB.
3. ApanTanus v JBUKEHHE PaCUETHBIX CETOK

Ananranus pacu€THBIX CETOK K pelleHHIo. Boienenue, paspelieHue yaapHbIX BOJIH U KOHTAKTHBIX
Pa3phIBOB.

KBasucranuoHnapHbie ¥ HeCTallMHAPHBIC PACU€Thl HA MOABMKHBIX CeTKax. bubmuoTeka i paboThl ¢
JUHAMAYCCKUMH CeTKaMH. AJIaNTHBHAs ceTka (pa30ueHue sueek). IlepekphIBaronivecs CETKH
(Overset).

O030p METOZIOB CIICKCHHUS 3a JBWKCHHEM Pa3phbIBOB Ha HEMOABIKHOW ceTke — MeToabl VOF u
Level Set Method,

4. ConpsxEHHBIE PacyEThl

Ilonsarue COprDKéHHOﬁ 3alauu, UHTCPIOJIALNUA JaHHBIX MCIKIY paC‘léTHBIMPI CCTKaMu.

Opranuzanus COBMECTHOH pPabOThl HECKONBKMX pemiartenieidl, npolieMa oOMEHa HaHHBIX MEXIY
pelaTensimMu.

Cemectp: 7 (OceHHmi)
5. Pabora ¢ cynepkommbiotepoM. OcaoBel C++ 1 Python

OcnoBbl C++. Kommumsiusi mporpaMM ¢ ucronb3oBaHuem Oubmuorekn OpenFOAM (wmake).
[lepsas nporpamma "Hello world!".

Bgon u BeiBog OpenFOAM (stream). Konteiineps! (dictionary, List, dynamicList).

bubnmuorexa Time. CranmapTHeie cioBapu A B3aUMOACWUCTBUSL C mporpammoin. Kommwmsous
JUHaAMHUYecKuX Onomuorek (wmake libso).

bubnanorexn naTepnonanun AanHbIX. CTangapTHas atMocdepa. Moaylib TpaeKTOPHH.

CFD uneonorusi. @opmar cetku polyMesh. YcranoBka nporpammsl Busyanuzamnuu ParaView. Python
CKPHUNT ISl IIOCTPOCHUSI TPOCTEHIINX CeTOK B Salome.

Padora ¢ momsmu B OpenFOAM. Meron Herorona. Busyanuzanus pganaelx B ParaView.
Bepudukanus u Bamuaanus IporpaMm.

6. Metoj koHTpOJIBHOTO 00BeMa. BozmokaocT OpenFOAM

Merton koHTposnbHOTO 0oO0BeMa B OpenFOAM. Amnmpokcumaiusi MPOWU3BOJHON IO BPEMEHU U
HUCTOYHUKOBBIX YJICHOB.

Anmpokcumanus BA3KHX 4ieHOB. Pemenue ypaBHenus Jlamnmaca Ha ogHOMepHOW ceTke. SIBHas u
HESIBHAsI CXEMBI.



Pemtenne ypaBuenus Jlamnaca Ha nBymepHoii cetke (finite area method). [IporpeB ToHKOCTEHHOMN
KOHCTPYKIIUH.

Pemenne ypaBHenus Jlammaca Ha TpexMepHoW ceTke. KauecTBo ceTkm (HEOPTOrOHAJIBHOCTS,
CKOILICHHOCTb, HEPABHOMEPHOCTH). KOppeKius BA3KHX YIEHOB C yUE€TOM KauyecTBa CETKU.
bubnmuoreka ans mapamnenbHOW peanu3zanuu  nporpamMm  Messege Passing Interface (MPI).
Ucnonszoanue MPI B OpenFOAM. [lapannensHoe BeIYUCICHHE HA KJIacTepe.

ATmpoKcUMaIus KOHBEKTHBHBIX WICHOB C TIEPBBIM M BTOPBIM MOPSIKOM II0 IPOCTPAHCTBY. Penienue
YpaBHEHUS NEPEeHOCa Ha OJHOMEPHOM ceTKe. SIBHasl M HesIBHASI CXEMBI.

Pemtenne ypaBHeHmst mepeHoca Ha naBymepHoil cetke (finite area method). Meron sddexTrBHON
JUTUHBI.

7. T'oroBsie consepsl OpenFOAM

00630p puznueckrx 6uOIMOTEK U TOTOBBIX conBepoB OpenFOAM

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

Heobxonumoe obopynoBaHue JUist YTEHUS JISKIUH: yaeOHas ayTuTOpHs, JTOCKa, SKpaH.
6.IlepeueHns pexoMeHyeMOii JTUTEPATYPbI

OcHoBHas nuTeparypa
1. Mexanuka xuakocty u raza [Tekct] : yueObnuk st By3oB / JI. I JlovinsHackuii ; Pex. M-Bom
obpazoBanus PO .— 7-e uzn., uctip. — M. : JIpoda, 2003 .— 840 c.
2. Mexanuka cromrHoi cpensl [Texct]:B 2T. : yueOnuk s By30B / JLU.CenoB .— 5-e u3., ucnp. —
M : Hayka, 1994 .— T.2. - 1994. - 560 c.
3. Tedenue peanbHBIX Ta30B ¢ OONBIIUME cKopocTsiMu [ Tekcer], [MoHorpadus]/B. B. JIynes, -M.,
®usmatiut, 2007
4. Benenue B TUAPOTra3olMHAMUKY M TEOPHUIO YIAPHBIX BOJH i (husukos [Tekct] : yued. mocodue
st By3oB / O. I1. Paitzep .— M. : UnTemnekr, 2011 .— 432 c.
Jluteparypa 1151 CaMOCTOSTETBHOTO U3YUCHUS

1. Liseur M., Turbulence in Fluids, 4th ed. Springer, 2007.

JomonanTtenyHas uTeparypa
1. Teopetnueckas ¢usuka [Tekcr] : B 10 T. T. 6 : [maponunamuka : y4e0. mocoOue Jist By30B : peK.
M-Bom ob6pazoBanus Poc. ®eneparuu / JI. J1. Jlannay, E. M. JIndmmun ; mox pen. JI. I1. ITutaeBckoro
.— 5-e u3j1., crepeoTHIl. — 3-€ u3l., nepepad. — M. : dusmarnut, 1986, 1988, 2003, 2006 .— 736 c.

Jluteparypa 117151 caMOCTOSTEIbHOIO U3YUEHUS

1. Pope S.B. Turbulent flows. Cambridge university press, 2000
2. Cercignani C. Rarefied Gas Dynamics Cambridge university press, 2000
3. Cné3xun H.A. JlnHaMuka BsI3KoH HecxkuMmaeMon sxuakocta M: TUTTIL, 1955

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

1. http://lib.mipt.ru/ — snekrponHas Oubnroreka dusrexa
2. http://www.edu.ru — ¢penepanpabIii TopTan «Poccuiickoe oOpa3zoBaHue.
3. http://benran.ru —6ubnuoTeka Mo ecrecTBeHHBIM HaykaMm Poccuiickoii akageMun Hayk.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)



MS Office, MS PowerPoint.
9. MeTonuuecKHe yYKa3aHHUs 151 00y4AIOMIMXCS 10 OCBOEHHIO TUCHUILTHHBI (MOTYJIsI)

VYenemnoe ocBoeHue Kypca «l'azommHamMMKa BBICOKOCKOPOCTHBIX JIETATENIBHBIX almaparoB» TpeOyer
OOJNBIION caMOCTOSATENbHOH paboThl CTyleHTa. B mporpamme Kypca MpHBEJCHO MHHUMAIIBHO
HeoOXoarMoe BpeMsi It paboThl CTyIEHTa HaJl TEMO.

CamocrosTenbHas padoTa BKIIFOUAET B CeOs:

— YT€HHE U KOHCIIEKTUPOBAHUE PEKOMEHI0BAHHOM JINTEPATYPHI,

— ipopaboTKy ydeOHOTo MaTepurana (110 KOHCIIEKTaM JICKIIUH, Y4eOHO! 1 HaydyHOU TUTepaType);
— pemeHue 3aa4, MpeIaraéMpIX CTyJACHTaM Ha 3aHSITHSIX.

PyKoBOACTBO M KOHTPOJIb 3a CaMOCTOSITENBHOW paOOTOM CTyIEHTa OCYILECTBISIETCS B PE3yibTare
HUHAUBUYaJIbHBIX KOHCYJIbTAlUM.

[loka3zarenem BianeHUs MaTepUANOM CIYXHT yMEHHE pemiarh 3aaadd. s popMupoBaHUS yMEHHS
IPUMEHATh TEOPETHYECKHE 3HAHUS Ha MPAKTHUKE CTYIEHTY HEOOXOIMMO pPEelIaTh KaK MOXKHO OoJblie
3a/1ad.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: IIpuknagaple MaTeMaTHKa U (pU3NKa

npopuJib NOArOTOBKHU: T'eokocMuyecKkre HAyKU U TEXHOJIOTUU
dusTex-urkona ApokocMuueckux TexHomoruit
kadempa MpuKIaAHON MEXaHUKH

Kypc: 4

KBaJupuKaAnus: OaxanaBp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
6 (Becennwii) - JluddepeHnnpoBaHHbIN 3aUeT

7 (ocenHuit) - Dx3aMeH
PaspaGorunkm:

JI.H. MuHomkuH
B.B. Kypamios



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,

OIIK-1 CriocobeH npuMeHsTh HAMEYATD MyTH €€ PEIICHHS

(byHIaMeHTalbHbIE 3HAHUS, IOTy4YEHHbIE B
oOnacT (pU3NKO-MaTeMaTHUECKUX U (MITH)
€CTECTBEHHBIX HayK, U HCIIOJIb30BaTh UX B

npo¢ecCHOHANBHON e TeNbHOCTH

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

OIIK-1.3 CnocobeH ompeaensTs TpaHUIBl TPUMEHHUMOCTH
MOJTyYEHHBIX PE3YJbTaTOB

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

[MK-4 Crioco0OeH KpUTHYECKH OLIEHUBATh [IK-4.2 3HaeT HCTOYHHUKH TPOUCXOKACHUA U yMeeT
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
METO/IOB JOCTOBEPHOCTH YKCIIEPUMEHTAIBHBIX PE3YJIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCIOJIb3YEMBIX IIOHATHI U MOJENEN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare wu3yueHHs IUCHUIUIMHBI «['a30MHAMHKAa BBICOKOCKOPOCTHBIX JIETATEIBbHBIX AalapaToBy
00yJarouiCs JTOIDKEH:

3HATh:
* (yHAaMEHTaIbHbIEC TOHATHUS, 3aKOHBI, TEOPUH KJIIACCHYECKOW U COBPEMEHHOW MEXaHHKH;
* IOpPSJKU YUCIICHHBIX BEJIMYMH, XapaKTEpHbIE [ Fa30AMHAMUKU BBICOKOCKOPOCTHBIX JIETaTeIbHbIX
anmaparos;
* COBpPEMEHHbIE TPOOIEMBI MEXAHUKH CIUIOIIHBIX CPEJI.
YMeThb:
*  TIOJIb30BAaThbCs CBOMMHM 3HAHMSMH ISl peuieHus (yHAaMEHTAIbHBIX W NPHUKIAIHBIX 33734 H
TEXHOJIOTUYECKUX 3a/1a4;
* JIeJaTh NPaBUIIbHBIC BHIBOABI U3 COMIOCTABICHUS PE3YABTaTOB TEOPHU U IKCIICPUMEHTA,
* IPOU3BOAMUTH YUCICHHBIE OLIEHKHU 110 NOPSAAKY BEJIUYHHBI;
* BHUJCTh B TEXHUYECKUX 3aJa4aX (PU3NUECKOE COlEPKaHMHC;

. OCBaMBaTh HOBBIE IPEIMETHBIC OOJNACTH, TEOPETHYECKHE IOAXOAbI M AKCIICPUMEHTAJIbHBIC
METOJUKH;
. [OJIy4yaTh HAWJIy4lllMe 3HAYEHUS HM3MEPSAEMBIX BEIMUMH U INPABWIBHO OLIGHUTh CTENEHb HUX
JOCTOBEPHOCTH;
. 3G PEeKTUBHO HCIOIb30BaTh HMH(MOPMAIOHHBIE TEXHOJOTHMH M KOMIIBIOTEPHYIO TEXHUKY IS
JOCTUKEHUSI HEOOXOIUMBIX TEOPETHYECKUX U MPUKIIAJHBIX PE3yIbTaToB.

BJIaJeTh:

* HaBBIKAMHU OCBOCHHS 0OJIBIIOTO 00beMa HHpOpMAaITH;

* HaBBIKAMH CaMOCTOSITEIBHON PadOTHI;

* KyJIBTYpOil OCTAHOBKU M MOJCIHPOBAHUS (PU3MUYESCKUX 3a/1a4;

*  HaBBIKAMH TI'PAMOTHOH 0OpabOTKM pE3yJbTaTOB ONBITA M COMOCTABICHUS C TEOPETHYSCKUMHU
JaHHBIMHU;

* IPAKTUKOH MCCIIEIOBAHMS U PEIICHHS TEOPETUICCKHUX U TPUKIIAIHBIX 3a/1a4.

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

Texymuil KOHTPOJIb OCYIIECTBIISIETCA HA CEMMHAPCKUX 3aHATHSX BO BpEMsl pEIICHUs 3a7ad, OTBETOB
Ha KOHTPOJIbHBIE BOIIPOCHI.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

ITpumepHsBIi epedeHs BONpocoB K AudhepeHIpOBaHHOMY 3a4eTy B 6 cemecTpe:



1). Ilonatue crIomIHOW cpenbl . YpaBHEHHE HEpa3phIBHOCTH. YPaBHEHHE KOJIMYECTBA JIBHDKEHUS
(MMITy7bCOB) B HANPSDKCHUSAX. YPaBHEHUE SHEPTHH.

2). Peonornyeckasi Mojesib HbIOTOHOBCKHX JKHJIKOCTEH M Ta30B.
3) YpaBHeHus Diinepa — npeenbl npuMeHuMocTd. YpaBHenus HaBve-Crokca.
4) YpaBHEHHsI COCTOSIHUSI rasa JJisl CMECH I'a30B.

5) TypOynentHOCTh —YypaBHEeHHsI PeiiHonbnca. AnreOpanyeckue U quddepeHITMaIbHbIE MOICTH
TypOyJICHTHOCTH.

6) YpaBHeHus norpaHnnyHoro cios. [lorpaHndHbIN CIOM Ha MIaTHHE, 3a/1a4a biaysuca.
7) YnapHble BOJIHBI, COOTHOLIEHUS | FOrOHHO.
8) [MonsTre o TeruioBoM 6apbepe. OCHOBHBIE 0COOCHHOCTH THPE03BYKOBBIX TEUCHHIA.

[MpumMepsl OMIIETOB K DK3aMEHY B 7 - M ceMecTpe:
buner 1

1. AnmpoxkcuManys BA3KUX YJICHOB.

2. Pemenue ypaBuenus Jlarmaca Ha OTHOMEpPHOM CETKe.

buner 2.
1.Pemenne ypaBaenus Jlamiaca va asymepHoii cetke (finite area method).
2. IIporpeB TOHKOCTEHHON KOHCTPYKIIHH.

buner 3.
1. Pemenne ypaBHeHus Jlamnaca Ha TpexMepHOH CETKe.
2. KauecTBo ceTkn (HEOPTOrOHAIBLHOCTh, CKOIIEHHOCTh, HEPABHOMEPHOCTB).

Kpurepun onennBanus
OIIEHKA «OTJINYHO (10)» BBICTABIISIETCS CTYNEHTY, MOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, DIIYOOKHWE 3HaHUS Y4YeOHOH NporpaMMbl AWCLUUIUIMHBL TPU  OTBETE
9K3aMEHAIIMOHHOTO OwyieTa M OTBETe Ha BONPOCHI IO IMPOrpaMMe IUCLUIUIMHBI, a TaKkKe 10
pe3ynbTaraM KOHTPOJIBHBIX, CAMOCTOSITENILHBIX PadOT U TECTOB;

OLICHKa «OTIUYHO (9)» BBICTABISIETCS CTYICHTY, ITOKa3aBIIEMy CHUCTEMaTU3UPOBaHHbBIC, TIIyOOKHE
3HaHUS Y4eOHOM NPOrpaMMbl TUCHHMIUIMHBI IPU OTBETE SK3aMEHAIIMOHHOIO OWJieTa W OTBETEe Ha
BOIIPOCHI 10 TPOTpaMMe IHCLUIUIMHBI, a TaKXKe 0 pe3ylbTaraM KOHTPOJIBHBIX, CaMOCTOSTEIbHBIX
paboT u TeCTOB;

OLIEHKA «OTIMYHO (8)» BBICTABISIETCA CTYIEHTY, IOKa3aBIIEMY CHCTEMAaTH3UPOBAHHBIC, 3HAHUS
y4eOHOH IporpaMMbl JUCHUIUIMHBI TIPH OTBETE SK3aMEHALMOHHOTO OMJIeTa M OTBETE HA BOIPOCHI 110
porpamme JUCHUIUIMHBL, a TAKXKE TI0 pe3yJbTaTaM KOHTPOJIbHBIX, CAMOCTOSITENIbHBIX paboT U TECTOB;

OLIEHKAa «XOpoIo (7)» BBICTABISETCS CTYICHTY IO pe3yJbraTaM KOHTPOJBHBIX, CAMOCTOSTEIBHBIX
paboT M TECTOB, €CIM OH TBEPJAO 3HAET Marepuall SK3aMEHAIMOHHOTO Owyiera, TPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, yMeeT NPUMEHATh NOIyUYeHHbIC 3HAHUS Ha MPAKTHKE, HO JIOMYyCKaeT B OTBETE
WIN B PEILICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH;

OLICHKAa «XOpOoIIo (6)» BBICTABISETCS CTYACHTY IO pe3yJbraTaM KOHTPOJBHBIX, CAMOCTOSTEIBHBIX
paboT M TECTOB, €CIIM OH 3HAeT MaTepuas AK3aMEHAIMOHHOTO OmieTra, MO CYIIECTBY M3Jaraer ero,
yMeeT MPUMEHSTH TOJTyYeHHBIC 3HAHUS Ha MPAKTHUKE, HO JOIYCKAeT B OTBETE MHOTO HETOUYHOCTEIH;

OLIEHKa «Xopoulo (5)» BBICTaBIAETCS CTYAEHTY IO pe3ysbTaraM KOHTPOJIBHBIX, CaMOCTOSTEIbHBIX
paboT U TeCTOB, €CIM OH 3HACT MaTepual SK3aMEHAIMOHHOTO OHMJIeTa, U3JIaraeT ero, yMeeT NpUMEHSTh
MOJTy4eHHbIC 3HAaHWS Ha MPAKTHKE, HE JI0IyCKAeT B OTBETE I'PYObIX OMNOOK;



OLICHKA «YHOBICTBOPUTEIBHO (4)» BBICTABISCTCS CTYAGHTY 10 pE3y/lIbTaTaM KOHTPOJIBHBIX,
CaMOCTOSTEIIEHBIX Pa0OT M TECTOB, a TAaKXKe, €CIM BO BPEMs OTBETa SK3aMEHAIMOHHOTO OmieTa OH
nokazay (parMeHTapHbBIN, XapakTep 3HAHHMA, HEIOCTATOYHO MpaBWIbHbIE (HOPMYIUPOBKH 0a30BBIX
TIOHSITHI, HO TIPY 3TOM OH BJIaJIC€T OCHOBHBIMH pa3/iellaMi Y4eOHOH MpOorpaMMbl, HEOOXOIMMBIMU IS
JalbHeHIIero ooyueHus;

OLIEHKA «YIOBJIETBOPUTENBbHO (3)» BBICTABIACTCS CTYOCHTY 1O pe3yJbraTaM KOHTPOJBbHBIX,
CaMOCTOSATENIBHBIX paboT U TECTOB, a TAaK)Ke, €CIM BO BpeMs OTBETA IK3aMEHAIIMOHHOTO OHJeTa OH
MoKa3aJl Pa3pO3HEHHBI XapakTep 3HAHWH, HEIOCTATOYHO IpaBHIbHBIE (POPMYIHPOBKH 0a30BBIX
MOHATUHN, HAapyIIEHUE JIOTUUYECKOH MOCIEN0BaTENbHOCTH B U3JI0KEHUU IIPOrPaMMHOIO Marepuaia, HO
OpH 3TOM OH BJAJACET OCHOBHBIMHM pa3aeiaMH y4eOHOH mNporpamMMmbl, HEOOXOOUMBIMH IS
JanbHENIIero oOydeHHs M MOXKET HPUMEHATh IOJTyYeHHble 3HaHMSA 1O o0paslly B CTaHIApTHOM
CUTYalluu;

OLICHKA «HEYIOBIECTBOPUTENBHO (2-1)» BBICTABISETCA CTYIEHTY IO pe3ylbTaraM KOHTPOJIbHBIX,
CaMOCTOSATENIBHBIX paboOT M TECTOB, a TAaKXke, €CIM BO BpeMs OTBETa HK3aMEHAIIMOHHOIO OWieTa, OH
MoKa3aJ, YTO HE 3HaeT OOJbLIeH YacTH OCHOBHOIO COIEpKaHHs Y4eOHOH MpOorpaMmbl TUCLMILIMHBI,
JOIycKaeT rpyOble ommOKd B (HOPMYIMPOBKAX OCHOBHBIX IOHSATHH IUCHUIUIMHBI M HE YMEeT
HCIOJIB30BaTh MOyYEHHBIC 3HAHUS MIPU PELICHUH THIIOBBIX MPAKTHUECKUX 3a/1a4.

5. MeTonuueckune MaTepuajbl, onpeaeasionie Npoueaypsbl OeHUBAHUA 3HAHUI, YMeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Mopsinok mpoBeneHUsT KOHTPOIBHBIX PAbOT/TECTOB:

Bo Bpemst npoBeneHHs KOHTPOJIBHBIX PabOT/TECTOB 00ydaroIuecss MOTYT HOJIb30BaThCS MPOTPaMMO
JUCUUTUIMHBI, KaJbKYJIATOPaAMH.

[opsinok mpoBeaenus nudHepeHInPOBAHHOTO 3a4eTa:
JuddepeHIMpoBaHHBIA 3aUeT MO IUCHUILIMHE MPOBOAUTCA MO WUTOraM TEKYIIeH ycleBaeMOCTH: IO
pe3yabraTaM  KOHTPOJIBHBIX, CaMOCTOSITEIBbHBIX paldoT/TecToB 1Mo  Kaxaod Teme. Taxoke
T QepeHIMPOBaHHBIA 3aueT MPOBOJUTCS IMyTEM OpraHU3allH CHEHHaJbHOIO ONpoca B YCTHOM
¢dopme, eciu pe3yabTaTOM BBIITOJHEHHUS] KOHTPOJIBHON paboThI SABJISIETCS OLIEHKA HEYAOBJICTBOPUTEIHLHO
WM OLIEHKa OTCYTCTBYET 110 YBOKUTEIBHOUN MPUUUHE.

[Topsimok mpoBeNEHNs YCTHOTO SK3aMeHa:

ITpu mpoBeneHMH YCTHOTO 3K3aMeHa oOywaromemycst npepoctasisercss 60 MUHYT Ha IHOATOTOBKY.
Onpoc oOyuaromierocst mo OWjeTy Ha YCTHOM 5JK3aMEHE HE JODKEH MpeBBIIaTh ABYX
aCTPOHOMMUYECKUX YaCOB.

Bo Bpemsi mpoBeneHus 5K3aMeHa IPH MOATOTOBKE OTBETOB Ha OWIIETHI, OOydYarOLIMECs MOTYT
MOJIb30BATHCSl TPOTPAMMON TUCIMIUIMHBI, KOHCIIEKTAMH JICKIUH, CEMUHApOB W JIO0OH Ipyroi
JIUTEPaTypOu.

Bo Bpems npoBefeHHS SK3aMEHa IpU OTBETe OOYyYaloLIerocss Ha BONPOCHI MO OMIETy WM IO
porpamMme JUCUUILUIMHBL, OH HE MOXKET MOJIb30BaThCSI KOHCIEKTaMHU JICKIUH M CEMHHApPOB M JII0OOH
JIpPYrOW JIUTEPATyPOU.



