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

YTBEPKAEHO

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

A.A. BopoHos

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: OCHOBEI MOACIIUPOBAHUA (1)I/I3I/I‘I€CKI/IX MMPpOICCCOB MCPCHOCA
0 HANIPaBJICHUIO: HpI/IKHaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa
IIpO(l)I(lJIb MnoATrOTOBKMU: CynepKOMHB}OTepHOG MOACIIUPOBAHUC ANCPHBIX MPOLIECCOB U TEXHOJIOTHI

Ou3TEX-1IKOIAa TPUPOAONIOAOOHBIX, INIA3MEHHBIX U SIIEPHBIX TexHOoIoruii uM. U.B.
Kypuatosa
Kadeapa MOJIEINPOBAHUS AEPHBIX IPOLIECCOB M TEXHOIOTHI

Kypc: 3
KBaJIMpUKALS: GakanaBp

CemecTp, (hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexuud: 30 yac.
cemuHapsl: 0 yac.
nabopatopusie 3ansaTus: 0 gac.

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

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

[Iporpammy cocraBui: AL HlumkeBnd, 1-p ¢u3.-Mart. HayK, mpodeccop

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



AHHOTANMA

CryaeHT JOMKeH yMETh Ha OCHOBE JTOTO IMOJXOJd CO3/1aBaTh KOMITBIOTEPHBIC MOJCTH JUIS OTHCAHHS
MPOLIECCOB MEepeHOca U3MyYeHUN B CIOXKHBIX cpenax. [lokasarenem BiaJieHUs MaTE€pPHANIOM CIIY>KUT YMEHHUE
periare 3a/laud U OPUEHTUPOBATHCS B KPYyTre BOIIPOCOB, CBS3aHHBIX C IIPOOJIEeMaMu MePEeHOCa IPOHUKAIOIINX
u3nydeHnuid. JIns QopMHUpOBaHUS YMEHHS MPHUMEHSTh TEOPETHYECKHE 3HAHUS Ha MPAKTUKE CTYACHTY
HE00XOMMMO pa3paboTKa MporpaMM U AJITOPUTMOB YHCIEHHOTO pelIeHHWs ypaBHeHUs bomprnvana. B
pe3yapTare W3y4eHHs NUCUUIUIMHBI CTYIEHT IOJDKEH IIOJNIYYUTh OCHOBHBIE 3HAHHUS AJI IMPAKTUYECKOTO
peIIeHHs] TPHUKIAIHBIX (PU3NYSCKUX 3a/1ad B OOJACTH SEPHBIX IHEPrOTEXHOJIOTUN, UCCIEIOBAHUN CBONCTB
MaTepuasoB JJIsl MPOTHUBOPAAUAIIMOHHON 3aIIUTHL.

1. lean u 3apa4n

].le.]'ll) AUCHUIIINHBI
- 1aTb OCHOBBI 3KCIIEPUMCHTAJIbHBIX METOJOB ONHCAHUA ICPCHOCA PI3IIy‘-I€HPII>i B CJIOXKHBIX Cpe€aax u
KOMITIO3UIIUAX
- U3JIO’)KCHHUC OCHOB 3KCIICPUMCHTAJIbHBIX MCTOJAUK U3MCPCHUSA PAAUAIIMOHHBIX ITPOLIECCOB;
- JACTAJIbHO O3HAKOMUTL CTYACHTOB C KOHCCPBATMBHBIM IIPOCKIMOHHBIM MCTOAOM KaK JJIA
OAHOATOMHOTI'O ra3a, TaxKk u JJIsd cMecel ra3oB C Ppa3IMIHbIMH MOJICKYJIAPHBIMU MaCCaMH.

3agauu AU CHUILIHHBI

- 06yqel-me CTYACHTOB OCHOBHBIM MCETOAAM M IIOAXOAaM, HCIIOJIb3YCMbIM B KUHETUYECKOMN TCOpUHU,
HU3YyUCHUC 0a30BEIX HOPHUHIHAIIOB KHHCETHYECKOM TCOpUHU, OCHOBaHHOH YpaBHCHUHA BOJ'H:LIMaHa;

- (opmupoBaHHE MOAXOIOB, OCHOBAHHBIX HA KOHEYHO-PA3HOCTHBIX aNIPOKCHMANHMAX OIeparopa
aJIBEKIIMM KWHETHYECKOTO YpaBHEHHS, PACLICTTICHME KWHETHYECKOrO YpaBHEHHUS IO (DHU3MYECKUM
npoueccam. OOydeHue JUCKPETHON pean3aliiy Ha4albHbIX ¥ TPAHUYHBIX yCIOBUI.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HauMeHOBaHHE KOMIIETEHIIUH NHIuKaTOpbl JOCTHKEHNUS KOMIIETEHIINH
OIIK-1 CniocobeH npuMeHSITh OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3aj1a4y,
(dyHIaMeHTalbHbIC 3HAHNUS, I0JIyYCHHBIC B HaMeyarb MyTH €€ PELCHUS

obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B
podeCcCHOHAIBHOMN JIETeIBHOCTH

OIIK-5 Cnocob6en yuactBoBarb B ipoBenieHnn  |OIIK-5.1 CrniocoOeH pemaTh TOCTaBICHHBIE 3a/1a4d B
(yHIaMEHTANbHBIX U MIPUKIATHBIX o0nacTu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
HCCIIeJOBAaHUN M pa3pabOTOK, CAMOCTOATENIFHO |MCCIEJOBAaHUN U pa3paboTOK

OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,

MaTeMaTUYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
HAay4HO-UCCIIEI0BaTENbCKOM,
M3MEPUTENBHO-aHAIUTHYECKON 1
TEXHOJIOTUYECKOH anmnaparype

OIIK-5.2 OO0OmnazaerT CIIOCOOHOCTHIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

I1IK-1.1 Bnameer  gyHIaMeHTanbHBIMH  TIOHSTHIMH,

TIK-1 CHOCO6eH IUTAHUPOBATh U MPOBOAUTH 3aKOHaMHU U TCOPUAMU COBpeMeHHOﬁ (I)I/I3I/IKI/I

Hay4HbIE SKCTICPUMEHTHI (B U30paHHON [IK-1.3 Brnageer KynpTypoil IOCTAaHOBKM HAyYHOW 3aJ1aud U
IpeAMETHOM 0051acTh) U (WJIN) TEOPETUUECKUE |MOAEIMPOBAHUS €CTECTBEHHOHAYUHBIX OOBEKTOB M CHCTEM
(aHAIMTHYCCKUE U MMUTALMOHHBIC) [IK-1.4 VYmeer crTpouTh MaTeMaTH4YeCKUE MOAEIH UL
HCCJICIOBAHMS OMHUCAaHUA W HCCICAOBAaHUS IIPOLIECCOB U SIBICHUU B

COOTBCTCTBYIOIINX HAYYHBIX 00macTax

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  IapaMeTpHI,
OIIpEeNeNIAIOIIUE HU3yyaeMoe SBJIEHHE, W IPOU3BOIUTH
[1K-2 CnocobeH aHanu3UpOBAaTh MOIyYEHHBIE B |IUCICHHBIC OLICHKU 110 MOPSI/IKY BETUIMHBI




X0Jie H
JTaHHBI

ay4YHO-HMCCIIEA0BATENILCKON PaboThI
€ U JIeJIaTh HayYHBIC BBIBOJIBI

(3aKTrOUeHMS)

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
00OCHOBaHMSI M J0Ka3aTelIbCTBA, HAYYHBIE MPOOJIEMBI U HX
pemieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIf
npoeCCHOHANBHON ayTUTOPUH, B NHUCBMEHHOHM M YCTHOU

dopme

[MK-3 CriocobeH BbIOMpaTh U IPUMEHSTh
noaxozsuiee 000pyaoBaHNE, HHCTPYMEHTHI U
METO/Ibl HCCIICIOBAHUM IS peIlleHHs 3a/1a4 B
n30paHHON MPEAMETHOM 00macTi

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTHUYECKHUX
METO/IOB BBIYMCIICHHMA

[TK-4 CriocoOeH KpUTHYECKH OLIECHUBATh

pumMe

HUMOCTD HUCIIOJIB3YEMbIX MCTOJUK U

MCTOO0OB

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

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIIICHHS UCTIONB3YEMbIX TIOHITUH U MOJesIei

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCHUILTHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

YMETb:

- OCHOBHBIC (I)I/I3I/I‘leCKI/Ie MNPpUHIUIBI U

MECTOABI KHHETHYCCKOI TeOopuun BOJ'H:I_IMaHa, (1)I/I3I/I‘ICCKI/IC

SABJICHUS, JIC)KAIIME B OCHOBE METOAO0B IIEPCHOCA I/I3Hy‘IeHPIﬁ B CJIOXKHBIX Cpe€aax U KOMIIO3UIIUAX.

- pemIaTh MOCTaBJIEHHbIE 3aa4i B 001aCTH (PU3UKH NIEPEHOCa H3ITyUCHUH.
BJIaJIETh:

- OCHOBaMH METOJIOB IKCIICPUMEHTAIHHOTO MOJICIUPOBAHMS MPOHHUKAIONUX HIITYYCHUH, METOoIaMH
pa3paboTKH MPOOIIEMHO-MOACITUPYIOIIUX CPEI.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

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

TpynoeMKOCTb 110 BUAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUITMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
33791051 B3aUMOJEHCTBUS SIAEPHBIX
U3IYy4YEHUH C BELECTBOM, MPaKTUUECKOE
1 HCIIONb30BAHUE UX XapaKTEPUCTUK IIpU 10 25
peleHnu 3a7a4 pagualroOHHON
0€30MaCHOCTH U 3aIUTHI.
) Mepbl KonMWYeCTBa M3IYy4EHHUS, J03bI U 10 25
HOPMBI OOITyUECHHUS.
OCHOBHbIE CaHUTapHBIC MTPaBUIIA PAOOTHI
3 C PpaAMOAKTHBHBIMH BEUIECTBAMU H 10 25
JPYyTUMH HUCTOYHMKAMU HOHU3UPYIOIIUX
M3ITy4YEHUH.
Hroro yacos 30 75
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.en.

4.2.

Cemec

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (paszesiam)

Tp: 5 (Ocennuii)




1. Buapl B3auMONEWCTBUA SACPHBIX M3IYYEHHM C BELIECTBOM, MPAKTUYECKOE HCIOIB30BAaHUE WX
XapaKTePUCTHK TPU PEIICHUH 3a]ad pauallMOHHON 0€30ITaCHOCTH U 3aIlUTHI.

Heiitponsl: cedeHue B3anMOJEHCTBUS, MapLUUAIbHBIE CEYCHHS YIPYTOro WU HEYNPYroro paccesHus,
3axBaTa (paJualliOHHOTO M C MCIyCKaHHEM 3apsDKEHHBIX YaCTHIL), JEJIEHUs, TTOPOTOBBIX PEaKIIHii;
0COOCHHOCTH B3aUMOJACUCTBUS C sIIpaMM JIETKHUX M TSDKEJIBIX 3JIEMEHTOB; paccesiHue HEUTPOHOB
[IPOTOHAMM; SHEPreTUdecKasl U yIioBas 3aBUCUMOCTb CEUCHUH.

®oToHBI: HOTORNEKTPUIECKOE TOVIONICHNE, KOMITTOHOBCKOE paccesiHue, S ¢dekT oOpa3oBaHus map,
¢dorosanepusie peakun. OCOOCHHOCTH B3aMMOJEHCTBHS C aTOMaMU JIETKUX U TSDKEJBIX 3JIEMEHTOB,
JHEpreTuyeckass 3aBHCUMOCTb CEUEHMH; AaHM30TPONHS KOMIITOHOBCKOTO paccesHHs (DOTOHOB,
3aBHCHUMOCTb OT DHEPTUU KBaHTOB, popmyna Kisiina - Humumas! - TamMa.

2. MepBI KOJIMYCCTBA U3TTYy4YCHUA, O3Bl U HOPMbI O6J'Iy"IeHI/I$I.

[ToTok (mroeHc) gyacTull, MIOTHOCTH MTOTOKA, SIUHUIIEI N3MepeHus. [lommomenHas 103a, MOITHOCTh
TIOTJIOIIEHHOM /10351, €AUHUIIBI U3MEPEHUSI.

OKBUBaJICHTHAs TOIVIONICHHAs /1033, Ko3()(PHUIMEeHTHl KadecTBa (BECOBBIE MHOXKHUTEIH) Pa3IUIHBIX
BUJIOB HU3Ty4YEHUS, TPYIIbl KPUTHUYECKHX OPraHOB (TKAHEBHIE BECOBBIE MHOMKUTEIH), MOIIHOCTH
JTO03BI, SIMHULIBI H3MEPEHUS, YKBUBAJICHTHAS 1032 CMEIIAaHHOTO OOYJYCHHS.

3. OcHOBHBIE CaHHWTapHBIE MpaBWia pPadOThl C paJAUOAKTHBHBIMH BEUIECTBAMU M JIPYTUMHU
HUCTOYHUKAMU MOHU3UPYIOILUX U3ITyYEHUH.

Opranuszanus paboT ¢ NPUMEHEHHEM HCTOYHHKOB MOHM3HPYIOIMX M3iMydeHuil. [lomyuyenue, yder,
XpaHeHHEe W TIepeBO3Ka HMCTOYHUKOB. Pa0oTa ¢ 3aKphITBIMH HWCTOYHHUKAMH H3JIyYCHUH W
paIoaKTUBHBIMU BEIIECTBAMU B OTKPBITOM Bune. «be3omacHele» mpueMsl paboOThI, IPUMEPH U
MpaBujia JUYHOU rUrueHbl. PaguanoHHbIil KOHTPOJIb 3a paboToi epcoHana.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIIeCTBICHHUS 00Pa30BATEJILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayuTOpHs, OCHAIICHHAS] pa0OYUMHU CTAHIIUSAMU, 00BETUHECHHBIMH B CETh
6.IlepeyeHb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas nuTeparypa
1. 3amura ot noHM3Upyromux m3nydenni [Tekcr] : B 2 T., . T. 1 dusudeckue 0CHOBHI 3aIIUTHI OT
nsnyuennii / H. I. T'yces, B. A. Kinumanos, B. I1. Mamkosuu, A. I1. CyBopos ; iox pen. H. I. I'ycesa ;
3-e u3n., epepabd. u gom - M.DHeproatomusar, 1989
2. 3ammra oT HoHU3UpYyromuX u3nydennii [ Teker] : B 2 T., T. 2 3amura ot uznyueHuit
snepHo-texunuecknx ycraHoBok / H. I'. I'yces, E. E. Kosanes, B. I1. Mamkosuy [u ap.] ; nox pen. H.
I'. 'ycena ; 3-e usz., nepepab. u gon. - M.Oueproaromuzar, 1990
3. Uepemucus. Pemenue kuHeTnueckoro ypasHeHus bosblimMana 111 BBICOKOCKOPOCTHBIX TE€UCHUN. —
XBM u M®, 2006. — T. 46, Ne 2. — C. 329-343.
4.A. A. Raines, F. G. Tcheremissine. Structure of shock waves. In: High temperature phenomena in
shock waves. — Berlin-Heidelberg: Springer, 2012. — V. 7 (7). — P. 231-269.
5.®. I'. YepemucuH. Penienne KNHETHYECKOTO ypaBHEHHsI bobIiMaHa 111 MHOTOATOMHOTO ra3a. —
XBM u M®, 2012. — T. 52, Ne 2. — C. 270-287.

JlomonHuTenpHAas IUTEparypa
1. Pagmanusi: no3er, a3dexrsl, puck [ Tekcr] = Radiation: doses, effects, risks/mep. ¢ aarn. 0. A.
bannukosa, -U., Mup, 1988
2. MonekynsipHas Teopust ra3oB u xuakocteit [ Texcr]/x. [mpmdensaep, Y. Keprucc, P. bepn , -M.,
Wnoctp.nut., 1961

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



http://lib.mipt.ru/catalogue/1604/?t=492 — snexrponnas 6ubnmorexa dOuzrexa

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHHBIE TEXHOIOTHH, BKIIIOYask IEMOHCTPALIHUIO
npe3eHTauui. B npouecce caMocTosTeNsHONU PabOThl 00YHarOIIUECs HCIIONB3YIOT CIEAYIOLIIE
nHpopmanronnsle Texnonorun kak GMSH, MPI, OpenGL.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0CBOCHMIO JTUCHUIIINHBI (MO)_Iy.Tlﬂ)

CrynenTsl, nzydatouie Kypc «OCHOBBI MOAECIMPOBaHMS (PU3MUECKUX MPOLECCOB MEPEHOCa», JOIKHBI
OBJaJeTh OOIIMM HOHATHHHBIM aNlapaToM W HAy4YUTbCSd HPUMEHATh TEOPETHUECKHE 3HAHHWS Ha
npakTuke. B pesynbrare u3ydeHHs AMCLMIUIMHBL CTYACHT JOJDKEH IMOJYYUTh OCHOBHBIC 3HAHUS JUIS
MPAaKTHYECKOTO PELICHUS NMPUKIAAHBIX (U3HMUECKUX 3a7ady B OONACTH SOEpPHBIX YHEPrOTEXHOJIOTHIH,
HCCJICAOBAHUI CBOWCTB MaTepUAIIOB IS IPOTUBOPAIHALMOHHON 3amuThl. CTYIEHT JOKeH yMETh Ha
OCHOBE JTOI0 IOJXOJa CO3JaBaTh KOMIIBIOTEPHBIE MOJEJIN Ui OIMCAaHUSA IIPOLECCOB IEpeHoca
U3IyYCHHH B CIOKHBIX cpenax. [lokasarenem BiaaeHUs] MaTEpHAIOM CIIY>KHT YMEHHUE PeIlaTh 3a]1aud 1
OPHEHTHPOBATHCS B KPyTe BOIIPOCOB, CBSI3aHHBIX C NMPOOIEMaMH NEPEHOCa MTPOHUKAIOIINX U3ITyYEeHUI.
Jis hopMupoBaHHusS YMEHHS NMPUMEHSATh TEOPETUUYECKUE 3HAHMS Ha MPAKTUKE CTYIEHTY HEOOXOIUMO
pa3paboTka MporpamMM U aJrOpUTMOB YHCICHHOTO pelIeHHs ypaBHeHHs boibimMana.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/IEHTaM Ha 3aHITHAX;

— IIOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10OWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU W3YyY€HHs OTAEIbHBIX TEM, BOIPOCOB CcIeAyeT oOpamarbcs 3a KOHCYJIBTAlMAMH K
MIpenoAaBaTelto.



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: 3

KBaJIMpUKALUS: GakanaBp

CemecTp, hOpMBI MPOMEKYTOUHOH arTecTanuu: 5 (OCEHHUH) - DK3aMeH

Pa3zpadoTunk: A.JL llumkeBud, a-p ¢pu3.-Mar. HayK, npogpeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-1 CnocobeH npuMeHSITh
(dyHIaMEHTaIbHbBIC 3HAHNUS, MOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTECTBCHHBIX HayK, U HCIIOJIb30BaTh UX B
npodeCcCHOHALHOMN JIeTeTBHOCTH

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

OIIK-5 CriocobeH yuacTBOBarTh B IPOBEICHUH
($yHIaMEHTANbHBIX U MIPUKIATHBIX
HCCIIeOBAaHUN U pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETUUECKHE, B TOM YHUCIIE,
MaTeMaTHUYECKUE METO/Ibl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
Hay4HO-UCCIIEI0BaTEIbCKOM,
WU3MEPUTENbHO-aHATUTUYECKOHN 1
TEXHOJIOTUYECKOM annaparype

OIIK-5.1 CnocobeH pemarh TOCTaBICHHbIE 3a/1a4d B
obnactu TEOPETHUECKUX u SKCIIEPUMEHTAJILHBIX
UCCIIeJOBaHUN U pa3paboTOK

OIIK-5.2 OO0OmnamaerT CIIOCOOHOCTBIO K OCBOEHHIO HOBBIX
3HAHWUU HA OCHOBE M3YUYCHHS JIMTEPATYPHI, HAYYHBIX CTaTeh
U IPyTUX UCTOYHUKOB

[MK-1 CriocoGeH m1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITN) TEOPETUICCKUE
(aHanmUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnamgeer  yHmameHTanbHBIMH
3aKOHAMU U TEOPHUSIMH COBPEMEHHON (DU3UKH

IIOHATUSAMU,

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

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

[1K-2 CnocoGen aHanu3upoBaTh MOTyYCHHBIE B
X07Ie HayYHO-HCCIIEI0BATEIBCKON pabOThI
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI
(3aKTrOUeHMS)

[IK-2.2  VYmeer HaxoouTh  KIIOYEBBIE  MapaMeTpHl,
ONpEeNeNIAIOIUE HU3yyaeMoe SBJIEHHE, U IPOU3BOIUTH
YHUCJIEHHBIE OLIEHKH IO MOPSIAKY BEIMYHNHBI

[MK-2.3 CrniocobeH npencTaBisTh HayuyHbIC YTBEPKICHUS, UX
000CHOBaHMS M J0Ka3aTelIbCTBA, HAYYHBIE MPOOJIEMBI U HX
pelieHnss SCHO W TOYHO B TEPMHUHAX, IOHATHBIX JUIs
npoeCCHOHANBHON ayTUTOPUH, B NHUCBMEHHOH M YCTHOU

dopme

[MK-3 CriocobeH BbIOMpATh U IPUMEHSTh
noaxozsiiee 000pyaoBaHIE, UHCTPYMEHTHI U
METO/Ibl HCCIJICIOBAHUM IS peIlieHHs 3a/1a4 B
n30paHHON MPEeAMETHOM 00IMacTi

[MK-3.2 3naer o0macTh W KPUTEPUHU TNPUMEHHUMOCTH
UCHOJNB3YEMBIX TEOPETUYECKUX IIOAXOIOB W  YMEHHE
OLICHMBATh TOYHOCTh HPUONMKEHHBIX AHATUTHUYECKHUX
METO/I0B BBIYMCIICHHMA

[TK-4 CriocoOeH KpUTHYECKH OLICHUBATh
MPUMEHUMOCTh UCIIOJIb3YEMBIX METOIUK U
METOI0B

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

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIIICHHS UCTIONB3YEMbIX TOHITUH U MOJesei

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pe3YJIbTAaTC HU3YUCHUSA JUCHUIIIINHBI «OCHOBEI MOACIINPOBAHUA (1)I/I3I/ILICCKI/IX IponecCcoB IMCPEHOCA»

00yJaromuiics JOKeH:

3HATb:

- OCHOBHBIE (y3HMYecKHe MPUHIMIIBI M METOAbl KMHETHYecKoil Teopun bonbumana, ¢usnueckue
SIBJICHUS, JIEJKAIIIE B OCHOBE METOOB MIEPEHOCA U3ITYYEHHUH B CIOXKHBIX CPEAAX U KOMIIO3ZUIUAX.

yMeTh:

- pCaTh MOCTABJICHHLIC 3a/1a4U B o0macTu (1)I/I3I/IKI/I NnepeHoca I/IBJ'Iy"IeHI/II\/’I.

BJIad€Th:

- OCHOBaMH METOJIOB JIKCIIEPUMEHTAIBHOTO MOICIHPOBAHHS NPOHUKAIOUIMX HU3IyYeHHU, METOJaMu
pa3paboTku MpoOIEeMHO-MOJIEIIUPYIONIUX CPEL.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIIeMy KOHTPOJII0




He npenycmorpeHo.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BONPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

. B3aumonencTeue HEMTPOHOB € BELIECTBOM.

. [TonHo€ 1 mapuKabHbIE CEYCHUS B3aUMOACHCTBUSI HEUTPOHOB C JIpaMu
. Heympyroe paccesitHue HEHTpOHOB

. DHEPreTUYECKUIA TTOPOT PEAKINH

. YIJIOBOE U YHEPreTUYECKOE pacupeiesIiCHUE PACCEIHHBIX HEUTPOHOB

. Bropuunoe ramma-uznydeHue.

. Panuanimonssliii 3aXxBaT HEUTPOHOB

0 NN N bW

. 3axBaT HEUTPOHOB Oe3 00pPa30BaHUS BTOPUYHOTO raMMa- H3TYICHHS.
9. B3anMonencTBie raMMa-KBaHTOB C BEILIECTBOM.

10. q)OTOE)J'IeKTpI/ILIeCKOC MOMIOHICHUC TaMMa-KBAHTOB, COITYTCTBYIOIICC PCHTICHOBCKOC U TOPMO3HOC
H3JIy4YCHUA.

11. KomnroHoBckoe paccessHue (OTOHOB, HW3MEHEHHE DJHEPrUM W HANpPAaBICHUS JIBHKCHHS
(aHM3OTpOMHA paccesHUs).

12. DddexT obpazoBanus nap, NOPOroBbIN XapaKkTep CEUEHUs], AHHUTWISIIMOHHOE raMMa-nu3yyeHHe.
13. B3anmopeicTBHE 3apsyKEHHBIX YaCTHUI] C BEILIECTBOM.

14. Tskenble 3apsHKEHHBIE YaCTUIBI, HOHU3AIMOHHBIE TIOTEPU YHEPTUH 0-4aCTHII

15. KoadpuumeHT TopMOkeHHUS BELIECTRa.

16. Kpusas bporra.

17. NnTerpanbhbiid U nuddepeHIuaIbHbIA CIEKTPHI TPOOETOB.

18. DnekTponsl. PanuanroHHbie 1 HOHW3aLMOHHBIE TOTEPH YHEPTUN

19. IIpubOnuxeHHbIE COOTHOLICHUS AJIs1 pacueTa Mpodera 3apsyKCHHBIX YacTHII B BEIIECTBE.

20. PemakcanuoHHasg MOOEIb.

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:

bumer 1.

1. B3aumopeiicTBue HEUTPOHOB C BenlecTBOM. lloHOE M mapuuanbHbIE CEYEHUS B3aUMOJACUCTBUS
HEUTPOHOB C SAPAMHU.

2. KomntoHOBCKOE paccestHue (POTOHOB, U3MEHEHUE SHEPIUU M HAPaBICHUS ABMKCHUS (aHU30TPOIHUS
paccesiHus).

buner 2.
1. Heympyroe paccestHue HEUTPOHOB
2. Dddext 0OpazoBaHUs Map, TOPOTOBBIN XapaKTep CEUCHHsI, aHHUTHIIAIIMOHHOE TaMMa-H3TydcHHE.

Kputepun onennBanus

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCLUIIIMHBL, TPOSBIISIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPHUHATHIX PELICHUH.

Onenka "ormmmuno" (9 OamioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.

Onenka "ortnmuuno" (8 0OamioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHUE,
CHUCTEMaTU3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHATHIX
pelIeHui, ¢ HEKOTOPBIMH HEOYETAMH.

Onenka "xopomro" (7 6aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYIIECTBY H3J1araeT ero, yMeeT NPUMEHSTH MOJy4YeHHbIC 3HAHMS HA MPAKTHKE, HO HEAOCTATOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.



Onenka "xopomo" (6 0anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MaTrepHall, TPaMOTHO U
[0 CYIIECTBY H3JIaraeT €ro, yMeeT NMPUMEHATh IOJyYCHHBbIC 3HAHMS HA MPAKTHKE, HO JOMYCKAeT B
OTBETE WJIH B PELLICHUH 33]a4 HEKOTOPbIE HETOUHOCTH.

Omnenka "xopomio" (5 06auioB) BBICTABISETCS CTYACHTY, €CIH OH B OCHOBHOM 3HAET MaTepuall,
IrpaMOTHO U IO CYLIECTBY M3JIaraeT €ro, yMeeT NMPHUMEHSTH MOJyuYeHHbIC 3HAHHWS HA IPAKTHKE, HO
JOIyCKaeT B OTBETE WM B PEILICHUH 3a/1a4 IOCTATOYHO OOJIBIIOE KOJTMYECTBO HETOUHOCTEH.

Omnenka "ynoBrneTBopUTenbHO" (4 Oamna) BBICTABISIETCS CTYACHTY, MOKaszaBlieMy (parMEeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapyULIEHUs JOTNYEeCKON MOCIIe0BATEIbHOCTH B N3JIOKEHUH IIPOrPaMMHOTO MaTepuana, HO IpH 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl Y4eOHOH MporpaMMbl, HEOOXOAUMBIE JUIS JalbHEUIIero oO0y4eHus, u
MOKET IPUMEHSTh TOJIyYeHHBIE 3HaHUS 110 00pa3ily B CTAaHJAPTHOW CUTYaIHH.

Omnenka "ynosierBoputenbHO" (3 Oayiia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HapyLICHUs] JIOTHYECKOM IOCIEe0BAaTEeIbHOCTH B M3JIOKEHUH IPOrPaMMHOIO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYAOM IIPUMEHSET MOIy4YEeHHbIC 3HAHU JJa’Ke B CTAHAAPTHON CUTYallHH.

Omnenka "HeymoBneTBopuTeNnbHO" (2 0ajya) BBICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAET OOINbIIeH
YacTH OCHOBHOTO COJICPYKaHWS Y4EeOHOH MpOorpaMMbl TUCHUIUIMHBI, JAOMyCKaeT rpyOble OMIMOKH B
(bopMyIHpPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh IOJyYCHHBIE 3HAHUS NPH PEIICHUN
THUIIOBBIX 33/1a4.

Onenka "HeynosierBoputenbHO" (1 6aymun) BeICTaBIAETCS CTYACHTY, KOTOPBIH HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3ajad.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[Tpu npoBeneHUH OIIEHWUBAHUS 3HAHWI OOy4aromeMycs IMPEAOCTABISETCS BPEeMs Ha MOATOTOBKY Ha
ycMOTpeHue 3k3ameHaropa. Ompoc oOydaromerocst mo OuieTy Ha YCTHOM S5K3aMEHE He JOJDKEeH
MPEBBIIIATH OJHOTO ACTPOHOMHYECKOTO yaca. ONEeHWBaHWE 3HAHWW MPOM3BOAUTCS B COOTBETCTBUH C
BBILIIEYKAa3aHHBIMH KPUTEPUSMH B COOTBETCTBUH C COZIEPKAHUEM AUCIUIIIIHHBL.



