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

YTBEPKAEHO

JAupexTop pusrex-mKoasl GU3NKu
U uccJegopanuii um. Jlanaay
A.B. Poraues

PaGouyas nporpamMma qucuunJIMHbI (MOXYJIs1)

10 TUCHHILJIMHE: BBenenue B pu3MKy nepeHoca U3IyuyeHUN U ra3oB

110 HANPABJICHUIO: IIpuknagHbie MaTeMaTHKa U (pU3MKa

Npo(puIb NOATOTOBKH: CynepKoMIbIOTEpHOE MOAEIMPOBAHUE SAEPHBIX IIPOLIECCOB U TEXHOJIOTUI
Ou3TEX-1IKOIa TPUPOAOTIONOOHBIX, TNIA3MEHHBIX U SIIEPHBIX TexHoJorwid uM. U.B.
KypuatoBa
kageapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB M TEXHOJIOTHIH

Kypc: 2

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 4 (BeceHnui) - JlnddepeHnnpoBaHHbli 3a4eT

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

CamocrositensHas pabora: 60 gac.
Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocraBui: AL HlumkeBnd, 1-p ¢pu3.-Mart. HayK, npodeccop

[Iporpamma obcyxeHa Ha 3aceqannu Kadenpbl MOACIUPOBAHUS SAEPHBIX MPpoLeccoB U TexHonorui 18.05.2021



AHHOTANMA

CrynenTsl, u3ydatomue Kypc «Beenenue B pu3nKy nepeHoca M3IydeHUil ¥ ra30B» JODKHBI OBJIAIETh OOLINM
MOHATUHHBIM alapaToM U HAy4YWThCS MPUMEHSATh TEOPETHUYECKHWE 3HAHUS Ha NpakTHke. B pesynbrare
M3Y4YEeHUS JTUCHUIUIMHBI CTYJACHT JOJDKEH HMETh OCHOBHBIE IPEJCTaBICHUS O (U3MYEeCKHX Ipoleccax,
JIeKalIMX B OCHOBE KWHETHUYECKON TeopuH bonbiMaHa, yMeTh 3a/1aBaTh TPAHUYHBIC YCIOBHS AJIS1 PA3IMIHBIX
3aJa4  KUMHETUYECKON TEOpuH, pacCUMThIBaTh M  aHAJIM3UPOBATh T[A30KMHETUYECKUE  IIPOLECCHI
TEIUIOMACCONEPEHOCA, PACCUUTHIBATH OCHOBHBIC  (PU3MUECKHE  XapaKTEPUCTHKH  T'a30KUHETHYECKUX
IIPOLIECCOB.

1. lean u 3apa4n

].le.]'ll) AUCHUIIINHBI
M3710KUTh OCHOBBI SKCHCPUMCEHTAJIIbHBIX W TCEOPETUYCCKUX MCTOAUK aHaJIu3a U MOACINPOBAHUSA
nepeHOCa I/ISJ'Iy‘IeHI/Iﬁ X Ta30B.

3agaum AUCUMIIUHBI
dopmupoBaHue 0a30BbIX 3HAaHUW B oOMacTH (U3MKKA TEPEeHOCAa MAacChl M JHEPrUM Ha OCHOBE
KMHETUYECKOro ypaBHeHUs boinblimana;

06yquI/Ie CTYACHTOB OCHOBHBIM ME€TOHaM M IOAXOAaM, HCIIOJIb3YyEMBIM B KHHETUYECKOMN TCOpUH,
HU3YyUCHUC 0a30BEIX HOPHUHIHAIIOB KHHCETHYECKOMN TCOpHUHU, OCHOBaHHOM Ha YpPpaBHCHUHA bonsumana.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie (W1 ($9174:0)11170,€ KOMHeTeHL[I/Iﬁi

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

OIIK-1.1 CriocobeH aHanmM3upoOBaTh MOCTABICHHYIO 3ajady,

OIIK-1 CnocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnacty GpU3NKO-MaTeMaTHUECKUX U (FITH)
€CTECTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

podeCcCHOHAIBHOMN JIETeIBHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKUe MOJIENH,
MPOU3BOIUTH KOJIMUECTBEHHBIC PACUETHl M OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHHULbl MPUMEHUMOCTH
HOJIyYCHHBIX PEe3YJIBTaTOB

OIIK-4.1 Brnageer weTromaMM Hay4HOrO IIOMCKa |
WHTEJUIEKTYyaJlbHOTO aHalin3a WH(GOpMalH{ MpH PELICHUN

OIIK-4 CriocobeH ocymecTBIsITh cOop 1 9
3a/1a4 MpoQeCcCHOHANBHOM JeTeIbHOCTH

00pabOTKy HAYYHO-TEXHUYIECCKOH U (VITH)
TEXHOJIOTUYECKON HH(POPMAIHH /ISl PEIICHUS
(byHIaMEHTAIBHBIX M IIPUKJIAJHbIX 33/1a4

OIIK-4.4 Bnageer HaBbIKaMu pabOTHl C KOMIBIOTEPOM H
KOMIIBIOTEPHBIMU CETSMU C LIEJbIO NIOJyUEHUs], XpaHEHUS U
00pabOTKM Hay4yHOW (TEXHHYECKOW, TEXHOJOTHYECKOMN)
nHpOopMaIun

OIIK-5 Cnocob6en yuactBoBarb B ipoBeieHun  |OIIK-5.1 CrniocoOeH pemaTh TOCTaBICHHBIE 3a/1a4d B
(yHIaMEHTANbHBIX U MPUKIATHBIX o0nacTu TEOPETHUECKUX u SKCTIIEPUMEHTAJILHBIX
HCCIIeOBAaHUN 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
TEXHOJIOTUYECKOM annaparype

I1IK-1.1 Bnageer  gyHIaMeHTaNbHBIMH  TIOHSTHIMH,

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

Hay4HbIE SKCTICPUMEHTHI (B U30paHHON [IK-1.3 Brmageer KynpTypoi IOCTAaHOBKM HAyYHOW 3aJlaud U
IpeAMETHOM 0051acTh) U (WJIN) TEOPETUUECKUE |MOAEIMPOBAHUS €CTECTBEHHOHAYUHBIX OOBEKTOB M CHCTEM
(aHAIMTHYCCKUE U IMUTALMOHHBIC) [IK-1.4 VYmeer cTpouTh MaTeMaTH4YeCKUE MOAEIM UL
HCCJICIOBAHMS OMHUCAaHUA W HCCICAOBAaHUS IIPOLIECCOB U SIBICHUU B

COOTBCTCTBYIOIINX HAYYHBIX 00macTax

[IK-2 CnocoGen ananmu3uposath nonyueHHsie B [[IK-2.2  Ymeer  HaxoguTh  KIIIOYEBBIE — IapaMeTphl,
X0ZIe HayYHO-HUCCIIEI0BATEIBCKON pabOThI OIIpEeNeNIAIOIME HU3yyaeMoe SBJIEHHE, W IPOU3BOIUTH
JAHHBIE U JIeTIaTh HayYHbIE BHIBOJIBI YHUCJIEHHBIE OLIEHKH IO MOPSIAKY BEIUYHNHBI

(3aKTrOUeHMS)




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

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

[MK-4 CriocoOeH KpUTHYECKH OLIEHUBATh

npumMe

HUMOCTDB UCIIOJIb3YCMBIX MCTOJAUK U

METOIOB

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

[IK-4.2 3HaeT HCTOYHHUKH TPOUCXOXKACHUA U yMeeT
MPOU3BOAUTH  OLIGHKY  IOTPEIIHOCTH  HM3MEpPeHHH |
JOCTOBEPHOCTH IKCIIEPUMEHTAIBHBIX PE3YIbTAaTOB

[IK-4.3 Cnocobern 000CHOBaTh NPUIHHHO-CIICIACTBEHHBIC
OTHOLLUEHHUSI UCTOJIb3YEMBIX IIOHATHI U MOJENEN

3. IlepeyeHb NIAHMPYEMBIX Pe3y/IbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOHUS AUCLUIIMHBI 00y4alOIINecs JOIKHbI

3HATb:

YMETB:

OcHOBHBIE (PU3MYECKHE TPHUHIMIBI M METOAbl KMHETHYecKoil Teopun bonbumana, ¢usnueckne
SIBJICHUS, JIEYKAIIIE B OCHOBE METOAOB MIEPEHOCA U3ITYYEHHUH B CIOXKHBIX CPEAAX U KOMIIO3ZUIUAX.

Pemarp mocrasieHHbIE 33]]a4U B 00JIaCTH (DU3UKH TTIEPEHOCA U3ITYUSHUM.
BJIAJIETh:

OCHOBaMH METOJIOB JKCIEPHUMEHTAIBLHOTO MOJICIMPOBAHUS MPOHUKAIOMINX H3IIy4YCHUH, METOIaMHU
pa3paboTku MpoOIEeMHO-MOJIEIIUPYIOIIHX CPEL.

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

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpynoeMKoCTh MO BUJaM YUeOHBIX 3aHATHI, BKIIIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
| Mepbl KonMUYeCTBa M3Iy4€HUs, J03bl U 3 6
HOPMBI OOITyYECHHS.
) [Totok (¢pmroeHc) wacTwi, IIOTHOCTH 3 6
[IOTOKA, €ANHULIBI U3MEPEHUSL.
ITormomiennas J103a, MOIITHOCTH
3 MOTJIOMICHHON JIO3bl, € IUHUIIBI 3 6
U3MEpPEHUs.
Koaddummentst  kadectBa  (BeCOBBIE
4 MHOKUTEJH ) Pa3IUYHBIX BU/IOB 3 6
U3ITyYCHHUS.
5 MoIHOCTh 10361, €AUHHUIIBI U3MEPEHUSI. 3 6
PaGora ¢ 3aKpBITBIMH HCTOYHHUKAMHU
6 W3ITy4YEeHUI u palrOaKTUBHBIMU 3 6
BELIECTBAMU B OTKPBITOM BHJIE.
7 33791051 B3aUMOJEHCTBUS SIAEPHBIX 3 6
U3JIyYEHUH C BELIECTBOM.
8 Ceuenne B3aumMosieicTBUs. HEHTPOHBI. 3 6
9 DOTOIEKTPUUECKOE HOIVIOUICHUE, 3 6
KOMIITOHOBCKOE paccesiHue.
10 O ekt obpazoBanus nap, GoTosaepHbIC 3 6
peaxkiuu.
Nroro gacos 30 60




[ToaroroBka k sK3aMeHy

0 gac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogep:xaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 4 (Becennuit)

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

[ToTok (mroeHc) gacTull, MIOTHOCTH MTOTOKA, SIUHUIILI N3MepeHus. [lormmomenHas 103a, MOITHOCTh
TIOTJIOIIEHHOM 10351, €TUHUIIBI U3MEPEHUSI.

OKBHUBAJICHTHAS IOIMIOImICHHAasA a03a, KOB(i)(bI/ILII/IeHTBI Kaqy€CTBa (BCCOBBIG MHO)KI/ITGJ'II/I) Pa3INIHBIX
BUAOB H3JIY4YCHUA, T'PYIIIbl KPUTHYCCKUX OPraHOB (TKaHeBBIe BCCOBBIC MHO)KI/ITCHI/I), MOIIHOCTDH
A03bl, CAMHULBI U3SMCPCHUA, DKBUBAJICHTHAA 1034 CMCIIIAHHOI'O OGJ’Iy‘IeHI/ISL

2. Ilotok (¢hiroeHc) yacTuil, IIOTHOCTH MOTOKA, EANHULBI U3MEPEHHS.

IlocTraHoBKa HayaJIbHBIX W TI'PAaHUYHBIX YCIOBHH JUIl KMHETUYECKOTO YpaBHEHUs. XapaKTepHbIE
MaciuTadbl, 6e3pa3MepHbIe BEJIMYMHBI U KpUTEpUH 1000usa. OcoOOEHHOCTH U PEKUMBI TEUCHUS ra3a
B MUKpPO U HAHO YCTPOUCTBAX.

3. IlornomenHas 103a, MOITHOCTD MOTJIOMIEHHOH 10361, €IUHUIBI H3MEPEHUSI.

HeliTpoHbl: ceyeHne B3aMMOJCHCTBHS, NapIUAIBHBIC CEUCHHUS YIIPYTOro U HEYNPyroro paccesHus,
3axBaTa (paIuanuoOHHOTO M C UCITyCKaHUEM 3apsDKEHHBIX YacTHIl), ACJCHUS, TIOPOTOBBIX PEaKLUil.
®oToHBI: HOTORNEKTPUIECKOE TOVIONICHNE, KOMITTOHOBCKOE paccesiHue, ekt oOpa3oBaHus map,
(boTOs IEpPHBIC PEAKIIHH.

4. KoaddunmeHTs! kauecTBa (BECOBbIE MHOXKHUTEIH) PA3IUUHBIX BUIOB H3JIyUCHUSI.

JuckpeTH3anus o CKOPpOCTHOMY IPOCTPAHCTBY.

CTONKHOBEHHE MOJIEKYII.

Mertonsr uaTerpupoBanus. Ontumansable Kodgdunuentsl Kopodosa. Cetku Kopoboaa.
MerTonuka npoeurpoBaHusl U HHTEPIIOIUPOBAHUSI.

HI/ICerTI/ISaLII/ISI no BPCMCHHU. Cxema 317mepa. CxeMbl BTOpPOro mnopsaka. Cxema HCTIPCPBLIBHOI'O
cucTa.

VYuer noreHImana B3auMOAEHCTBUS MOJIEKYIL.
TecTupoBaHue peanu3aluy MeToAa. 3a/1a4ya TeIIoNpPoBOAHOCTH. CTPYKTypa yAapHOU BOJIHEI.

5. MomHOCTh A03bl, €AMHULIBI U3MEPEHHUSL.

JByXTOUEUHBIN MPOEKIIMOHHBIA METOI.
MHOroToYe4HbIA MPOEKIIMOHHBIA METO/.
IIpakTnueckas 4actsb.

6. PaboTa ¢ 3aKpBITBIMH HCTOYHMKAMHU W3IY4YEHUH M PaJOAaKTHBHBIMU BELIECTBAMH B OTKPBHITOM
BHJIE.

Pacuer cedeHUil CTONIKHOBCHMH JByXaTOMHBIX MOJICKYJ € YYE€TOM BpAIlaTebHBIX CTEMeHeH
CBOOOIBI.

[IpoekMoHHBIA METOA.
IIpakTnueckas 4actsb.

7. Buapl B3aUMOAECHCTBHUS SIACPHBIX U3JYYEHHUH C BEILIECTBOM.



B3aumozeiicTBrEe TKENBIX 3apSDKEHHBIX YACTUL] C BELIECTBOM.
B3aumozeiicTBre 3JIEKTPOHOB C BELIECTBOM.

B3aumopeiicTBre raMMa-KBaHTOB C BELLIECTBOM.

HelTpoHbl ¥ UX B3aUMOACUCTBUE C BEILIECTBOM.

Ucnonb3oBanue 3(h(hekToB B3anMOICHCTBHS SJEPHBIX H3TyYECHUH C BEIIECTBOM.

8. Ceuenne B3aumoeicTBusA. HeHTpOHBI.

MeieHHbie U ObICTpbIe HEUTPOHBL. 3akoH "1/v".
Turnel ssACpHBIX pEAKUUN IO/ JeHCTBUEM HEUTPOHOB.
3ameienue HeHTpoHOB. Jnddy3ust HEHTPOHOB. ANTLOEI0 HEUTPOHOB.

9. (DOTOSJ]CKTPI/I‘IeCKOG MOTTIOIICHUE, KOMIITOHOBCKOE paCCCsAHUEC.

BepositHocTh oTonornomnienus B cpeae. ['aMma-ciekrpomMeTpus 1 HASHTH()UKAIMS H30TOIOB.

CedeHre KOMIITTOHOBCKOTO paccesiHusl Ha cBOOOgHOM anekTpoHe (dopmyna Kneitna — Hummner).
VYIoBBIe 3aBUCUMOCTH DHEPTUil pacCestHHOTO (DOTOHA U 3JIEKTPOHA OTAAYH.

CpaBHEHHE SHEPreTUYECKUi 3aBucUMocTell ceueHuil ¢poroaddexra n KomnronoBckoro paccesHus
JUIs Pa3HbIX CPE.

10. D dexT obpazoBanus nap, GoTosAEPHBIE PEAKIUH.

ITopor u cedueHue poXkaAeHUs AEKTPOH-TIO3UTPOHHBIX Hap.

Ceuenne mnomiomeHuss (OTOHOB aTOMHBIMHM sAIpaMH. SlaepHas pe3oHaHCHas (IIyOpecleHIHs,
TUTAaHTCKUH JTUIOJNBHBIA PE30HAHC, ME30HHBIN MOPOT. MeTos «Me4YeHbIX» (POTOHOB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HEO0XOMMO AJIsl OCYIeCTBJICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS] pa00OYUMHU CTAHIIUSMHU, O0BETUHECHHBIMH B CETh.
6.IlepeyeHb pekoMeHAYeMOM JUTEPATypPhI

OcHoBHas nuTeparypa
1. 3amura ot noHM3Upyromux m3nydenni [Tekcr] : B 2 T., . T. 1 dusudeckue 0OCHOBHI 3aIIUTHI OT
nsnyuennii / H. I. T'yces, B. A. Kniumanos, B. 1. Mamkosuu, A. I1. CyBopos ; iox pen. H. I. I'ycesa ;
3-e u3n., epepabd. u jgom - M.DHeproatomusar, 1989
2. 3ammra oT HoHU3MpYyIomwuX 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 uzz., nepepab. u gon. - M.Oueproaromuzar, 1990
3. lozumeTpus u 3amuTa oT noHusupyronux usnyuenuit [Tekcr] / b. I1. lomy6es ; nox pen. E. JI.
CromnsipoBoii - M. Aromu3nar, 1971
4. Teopernueckas ¢pusuka [Texcr] : B 10 T. T. 10 : ®dusndeckas kuHeTHKa : yued. mocodue st By30B /
JI. . Jlanpay, E. M. JIudmmun ; mox pea. JI. I1. [lutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmamiur,
2001, 2002, 2007 .— 536 c.
5. Papmanus: no3ser, addekrsl, puck [ Tekcr] = Radiation: doses, effects, risks/mep. ¢ aarn. 0. A.
bannukosa, -U., Mup, 1988

6. lunamuka pazpexxkerHnoro raza. Kunernueckas teopus [ Texct]/M. H. Koran, -M., Hayxka, 1967

JlononHuTeNbHAS TUTEPATypa
1. Maremarndeckast Teopusi HeogHOpoaHbIX Ta30B [ Tekct] = The mathematical theory of non-uniform
gases, MmoHorpagus/C. Yenmen, T. Kaynunr , -M, U3a-Bo uHOCTp. TUT., 1960
2. MonekynsipHast Teopus ra3oB u xuakocteit [ Texct]/[Ix. 'mpmdensaep, Y. Kepruce, P. bepn , -M.,
WNHocTp.nuT., 1961
1. W. H. Press, S. A. Teukolsky, W. T. Vetterling, B. P. Flannery. Numerical Recepies. The art of
scientific computing. Third Edition. — N. Y.: Cambridge, 2007. — p. 1235.



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

He HCIOJIb3YIOTCA

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXO0AMMOCTH)

Ha nexmoHHBIX 3aHATHAX UCIOB3YIOTCS MYJIBTHUMEIUITHBIE TEXHOJIIOTHH, BKITIOYas IEMOHCTPALIHIO
npe3eHTanui. B mporecce caMocTosTeNsHON PabOThl 00YYarOIIUECs UCIIONB3YIOT CIEAYIONTHIE
nHpopmaunonnsie Texnonorun: GMSH, MPI, OpenGL.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CrynenTsl, uzyuatonue Kypc «BBenenue B pU3UKy mepeHoca U3MyUeHUH U Ta30By», JOJDKHBI OBJIAJICTh
OoOIMM TIOHSTHIHBIM anmnapaToM W HAyYUThCS MPUMEHITh TCOPETHYCCKUE 3HAHWS Ha IMpakTuke. B
pe3ynbTare U3y4eHusl TUCIUILTUHBI CTYICHT JOJDKEH MOMYYUTh OCHOBHBIC 3HAHUS JIJISI IPAKTHYECKOTO
pelieHns MPUKIAAHBIX (PU3UYECKUX 33/lad B OOJIACTH SACPHBIX DHEPrOTEXHOJOTHH, HCCIEIOBAHUN
CBOWCTB MaTepHasoB Ui MPOTHBOPAAUAIIMOHHON 3aimuThl. CTyIeHT JOJDKEH YMETh Ha OCHOBE 3TOTO
MOJIX0/Ia CO3/IaBaTh KOMITHIOTEPHBIC MOJENH I OIHMCAHWUS MPOIECCOB IMEepPEeHOCAa W3IIYYCHHUN B
CIOKHBIX cpefax. [lokazarerem BiIajieHHS MarepuaioM CIY)KHUT YMEHHE peliaTh 3aJadd |
OpPUEHTUPOBATHCS B KPYTe BOIPOCOB, CBA3aHHEIX C MPOOIeMaMH TIEPEHOCA MPOHUKAIONTNX H3ITYICHUM.
Jnst hopMupoBaHHusS YMEHHS NMPUMEHSTh TEOPETUYCCKUE 3HAHMS HA MPAKTUKE CTYIEHTY HEOOXOIUMO
pa3zpaboTKa IporpaMM U aJITOPUTMOB YHUCIICHHOTO PelIeHUs ypaBHEHUs bolbIiMaHa.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BeJICHUS 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 3aHITHSX;

— MOJITOTOBKY K BBITIOJHEHUIO 3aJ]aHUi TIPOMEXYTOYHOH aTTeCcTallny.

[Tokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
IHUCHHIUINHEL.

BaxxHo 10OUTHCS MOHMMAaHUS W3ydaeMOro MaTepuala, a He MEXaHH4YECKOTro ero 3armoMmuHaHus. [lpu
3aTPYIMHEHUN W3yYCHUs OTJENBHBIX TEM, BOIPOCOB, CIEAYeT OOpamarhcsd 3a KOHCYIBTAUAMHU K
MPEToIaBaTeINo.



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: 2

KBaJIMpUKALUS: GakanaBp

Cemectp, hopMBI IPOMEXYTOUHOH arTectauuu: 4 (BeceHHul) - nuddepeHunpoBaHHbIil 3a4eT

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 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-4 CriocobeH ocymiecTBIsITh cOOp U
00pabOTKy HayYHO-TEXHUYECKOHN U (MJIIH)
TEXHOJIOTMYECKOH MH(OPMAIINK ISl PeLICHHS
(yHIaMEHTAIBHBIX U MPHUKIIAJHBIX 3319

OIIK-4.1 Bmageer weromamMu Hay4HOTO IIOWCKa U
WHTEIUIEKTYyallbHOTO aHaln3a WHGOpPMAIUK TIPH PEIICHUH
3a/1a4 Mpo(eCCUOHATBHOM JIEATENHHOCTH

OIlK-4.4 Bnaneer HaBbIKaMU pabOTHI C KOMIBIOTEPOM H
KOMITBIOTEPHBIMH CETSAMH C IEIbIO MMOTYYCHUS, XPaHECHHUS U
00pabOTKM HAy4YHOW (TEXHHUYECKOW, TEXHOJIOTHUYECKOM)
uHpopManun

OIIK-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTars Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
HayYHO-HCCIIEI0BATEIBCKOM,
U3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

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

[IK-1 CnocoGeH mi1aHupoBaTh U NPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B U30paHHOI
MPEeOMETHOM 001acTH) U (MIIM) TEOPETUIECCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM ¥ TEOPUSIMH COBPEMEHHOM (pU3nKH

IIOHATHUAMMU,

[1IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOU 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYUYHBIX OOBEKTOB U CHCTEM

I[IK-1.4 VYmeer cTpOUTh MAaTEMaTUYECKUE MOACIH MJIA
ONMMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTAX

[MK-2 CriocobeH aHanu3upoBaTh MOTyUYCHHBIE B
XO0JIe HayYHO-HCCIIEI0BATENLCKON paOOThI
JIAHHBIE U J€J1aTh HAyYHBIC BHIBOJIBI
(3aKITrOUCHMS )

I[IK-2.2 YMmeer HaxOIUTh
OTIPECIISAIONINE H3y4yaeMoe SIBIICHHE,
YHUCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH

[1K-3 CnocoGeH BbIOMpATh U MPUMEHATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH IS PELICHHS 3a]1a4 B
M30paHHOW NpeAMETHOM 00IacTH

[IK-3.2 3naer o6macTy W KPUTEPUHU NPUMEHUMOCTH
UCIOJb3YEMBIX TEOPETUYECKUX IIOAXOIOB U  YMEHHE
OLICHUBATh TOYHOCTH MNPHUONMKECHHBIX aHAIUTUYECKHX
METOJOB BBIYUCIICHUH

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

[IK-4.1 3naer ynciieHHbIe MOPSIIKN BEIUYHH, XapaKTEPHBIX
JUI COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

[IK-4.2 3HaeT UWCTOYHUKM TIPOMCXOXKACHUS M yMEET
[IPOU3BOIUTH  OLIEHKY  IOTPEIIHOCTH  MU3MEPEHHH U
JIOCTOBEPHOCTH SKCIIEPUMEHTANIBHBIX PE3YIBTATOB

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOesIei

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare nzyueHus aucuuiuinHbl «BBenenue B GU3MKy mepeHOca M3MYUYEHHH U Ta30B » OOyHarolIuiics

JOJIKCH:

3HATb:

OcHOBHbIE (PU3MYECKHE TPHUHIMIBI M METOAbl KHMHETHYecKoil Teopun bonbpumana, ¢usnueckne
SIBJICHUS, JIEYKAIUE B OCHOBE METOOB MIEPEHOCA U3ITYYEHHUH B CIOXKHBIX CPEAAX U KOMIIO3ULUAX.

yMeTh:



Pemate mocTapieHHbIe 3a1a4H B 00J1aCTH (PU3UKH TIEPEHOCA N3ITYUECHHH.
BJIaJeTh:

OcHOBaMH METOJOB 3KCIEPHUMEHTAJIHHOTO MOJECIMPOBAHUS MPOHUKAIOIINX H3JIyYeHUH, METOAaMHU
pa3paboTku NpoOIEeMHO-MOJACIUPYIOMIUX CPENL.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enbl0 KOHTPOJS OCBOSHHUS O0ydYaromMMUCS Y4eOHOTO Marepuana MPOBOIUTCS YCTHBIA OMpOC B
HayaJie 3aHsATHs WIN B KOHLE 3aHATUS 110 IPOUIECHHON TEME.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOYHOI aTTecTalluu
o0yuaruuxcst

. B3aumopnencTBue HEMTPOHOB € BELIECTBOM.

. [TonHo€ 1 mapuHabHbIE CEYCHUS B3aUMOACHCTBUSI HEUTPOHOB C AJIpaMu
. Heympyroe paccesitHue HEeHTpOHOB

. DHEPreTUYECKHIA TTOPOT PEAKIHH

. YIJIOBOE M Y3HEPreTUYECKOE pacupeiesiCHUE PACCEIHHBIX HEUTPOHOB

. Bropuunoe ramma-usnydeHue.

. Panuanmonssliii 3aXxBaT HEUTPOHOB

0 NN N bW~

. 3axBar HEUTPOHOB Oe3 00pa30BaHUs BTOPUYHOTO FaMMa- M3JTyUeHHS.

9. BzaumoaeicTBUE raMMa-KBaHTOB C BEILIECTBOM.

10.®oT030€EKTpUUECKOE NOMIOMEHNE TAMMAa-KBaHTOB, COITYTCTBYIOIIEE PEHTTEHOBCKOE M TOPMO3HOE
U3JIyYEeHHUS.

12. KomnToHOBckOoe paccesHue (HOTOHOB, HW3MEHEHHE OJHEPrMU W HAINPABICHHUS JIBIKCHHS
(aHM3OTpOMHA paccesHUs).

13. DddexT 0bpazoBanus nap, NOPOTroBLIN XapaKTep CEUEHUs, AHHUTWISIIMOHHOE raMMa-nu3JyyeHHe.
14. BzaumogeiicTBre 3apsHKEHHBIX YaCTHUL] C BELIECTBOM.

15. Tskenble 3apsHKEHHBIE YACTULBI, HOHU3AIMOHHBIE IOTEPU YHEPTUH 0-4aCTHII

16. KoadpuumeHT TopMOkeHHUS BELIEeCTRa.

17. Kpusas bporra.

18. MnTerpanbubiii U nuddepeHInaIbHbIA CIEKTPHI TPOOEToB.

19. DnexTponsl. PanuanuonHbie 1 HOHW3aLMOHHBIE TOTEPH YHEPTUN

20. [TpubnukeHHbIE COOTHOLICHUS AJISl pacueTa npoodera 3apsyKeHHbBIX YacTHIl B BELIECTBE.

21. PemakcanimoHHas MOJA€ENb.

Kputepun onennBanus

Onenka "ommuno" (10 GayoB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHWSA Y4eOHOW NporpamMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKHU
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHUE
MPUHATHIX 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 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, 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 MarepHall, TPaMOTHO 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

JuddepeHnmpoBaHHblld 3a4eT TPOBOAUTCS IO OmieraMm. B kaxaom Owuiere mpencTaBIeHO JiBa
TEOPETUYECKUX BOIIpOca U ofHa 3aj1a4a. [Ipu npoBeaeHun 3adera oOyvaroniemycs npenocrasisercs 30
MHHYT Ha TOAroToBKy. Ompoc o0yd4aromierocss He JOJDKEH IPEBBIMIATh OJHOTO ACTPOHOMHYECKOTO
Jaca.



