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

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

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)
10 JMCHMILIMHE: ODyHaaMeHTaNbHbIC U IPUKIIaIHbIe TPOoOIeMbl (PU3UKH TEpeHOCa MPOHUKAIOLINX
W3JIyYEHUH B BEILIECTBE

110 HANPABJICHUIO: [IpuknagHbie MaTeMaTHKa U (pU3MKa

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

Kypc: 3

KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH aTTecTanuu: 6 (BeCeHHUN) - DK3aMeH

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

CamocrositensHas pabora: 75 gac.

[ToaroroBka k sx3ameny: 30 yac.

Bcero gacos: 135, Bcero 3au. en.: 3

[Iporpammy cocraBui: E.N. YkcycoB, KaH[I. TEXH. HayK

[Iporpamma obcyxieHa Ha 3acefjanni Kadeapbl MOACTUPOBAHUS SAEPHBIX MPOIeccoB U TexHonorui 18.05.2020



AHHOTANMA
Crynentsl, wusydatome Kypc «®DyHIaMeHTanbHble H MPHKIAAHBIE MpoOIeMbl (U3WKKM TiepeHoca
MMPOHUKAIOIINX HM3ITYYSHUI B BEMIECTBE» JIOJKHBI OBIAJETh OOIIMM TMOHATHWHBIM aIlllapaToM W Hay4HUThCS
MIPUMEHSTH TEOPETHUUECKIE 3HAHUS Ha MPAKTUKE.
B pesynbrare nzy4eHHs MTUCIUTUIMHBI CTYJICHT JOJDKEH UMETh OCHOBHEIE 3HAHUS O (PU3MYECKUX TPOIEccax,
JUISL TIPAKTHYECKOTO PEUICHHS MPUKIATHBIX (U3NYECKUX 3aJlad B 00JacTH SAEPHBIX JHEPrOTEXHOJIOTHUH,
HCCIICAOBAaHUN CBOMCTB MATEPUAJIOB AJI MPOTUBOPAIUALIMOHHON 3aIlUTHI.

1. leau u 3apauu

eap AUCUMNIMHBI
- O3HAKOMIJICHHE CTYJICHTOB C OCHOBaMH B3aUMOJICHCTBHUS HEUTPOHOB M (POTOHOB C BEIIECTBOM;

- 03HAKOMJICHUE CTY/ICHTOB C TUITAMHU SIICPHBIX PEaKIHi, CEYCHUI pacCcesHus, HEyIPYTUM PacCesTHUEM
HEWTPOHOB, YHEPreTHYECKUM MOPOTOM PEAKIMH, KOMITOHOBCKAM paccesHHEeM (DOTOHOB, TSKEIBIMU
3apsDKCHHBIMU ~ YaCTHIIAMH, HMOHHM3AIMOHHBIMH TIOTEPSIMA  OHEPIWU  0-4acTUI[ W  IPOTOHOB,
K09 (UITUEHTOM TOPMOXKEHYSI BEIIECTBA.

3axayu QUCHUTNIHHBI
- (opmupoBanue 0a30BbIX 3HaHWH B 007acTH (PHU3MKU TMEPEHOCA MAacChl M DHEPrHMH Ha OCHOBE
KWHETUYECKOTO ypaBHeHUs1 bonbimana;

- o0ydeHue CTYICHTOB OCHOBHBIM METOAaM U IMOAXOAAaM, MCIOJIb3YEeMbIM B KHMHETHYECKOH Teopuw,
n3ydeHue 0a30BbIX MPUHIUIIOB KUHETUYECKON TEOPUH, OCHOBAaHHOI Ha ypaBHeHNH bosbiimana;

- ¢opMHpOBaHHE TOAXOAOB, OCHOBAaHHBIX HA KOHEYHO-PA3HOCTHBIX AaNNPOKCHMALMIX OIeparopa
a/BeKIIMM KUHETUYECKOTO YPAaBHEHMS, paclLICIVIeHHe KHHETHYECKOTO ypaBHEHHsS N0 (PU3MYECKUM
IIPOLECCAM.

2. Ilepeyens opMupyeMbIX KOMIIETEH M

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

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

OIIK-1.1 CriocobeH aHanmM3upoBarh MOCTABICHHYIO 3ajady,

OIIK-1 CniocobeH npuMeHSITh HAMEHATh TIyTH €€ PENICHHs

(dyHIaMEHTAIbHbBIC 3HAHUS, MTOJTyUYCHHBIC B
obnact GpU3NKO-MaTeMaTHUECKUX U (HITH)
€CTCCTBCHHBIX HAYK, U HCIIOJIb30BATh UX B

npodeCcCHOHAIBHOMN JIeTeIBbHOCTH

OIIK-1.2 CnocobeH cTpOUTh MareMaTHYecKue MOJIENH,
MPOHM3BOIUTH KOJIMYECTBEHHBIC PACUETHI U OLICHKH

OIIK-1.3 CnocoOeH ompenensiTs T'paHULbl MPUMEHUMOCTH
HOJIyYECHHBIX PEe3YJIBTaTOB

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,

MaTeMaTHYECKUE METO/bl UCCIEI0BAHUMN, U
paborars Ha COBPEMEHHOM SKCIIEPUMEHTATBHON
Hay4HO-UCCIIEI0BaTEIbCKOM,
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 3aKOHaMH U TCOPUAMU COBpeMeHHOﬁ (I)I/I3I/IKI/I

Hay4HbIEC SKCTICPUMEHTHI (B U30paHHON [IK-1.3 Brmageer 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 IPOLIECCOB U SIBICHUU B

COOTBCTCTBYIOIINX HAYYHBIX 00macTax

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




X0JIe HayYHO-HCCIIeIOBATEICKON PabOThI
JAaHHBIC U JIETIaTh HAYYHBIC BEIBOJIBI
(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
MPUMEHUMOCTb UCIIOJIb3YEMBIX METOIUK U
METOI0B

[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:

- TPUHUMIBI W MeToAbl (HU3MKM TepeHoca MPOHHUKAOMIMX W3JIyuYeHUH Ha OCHOBE METOIO0B
KHHETH4YeCcKol Teopuu bosbliMaHa, MOMyYeHHs OCHOBHBIX (PM3MYECKHUX XapaKTEpPHCTHK, (pU3NUECKHEe
SIBIICHUA, JIeXKallhe B OCHOBE METOAOB INEPEHOCAa Ta30B HU3IYYEHHH B CIOXKHBIX Cpelax H

KOMITO3ULIMSIX.
YMETb:

- HCCIIe1oBaTh MPo0JIeMBbl IIEPEeHOCa N3TYYEHUH Ha OCHOBE OCHOBHBIX METOJaX MPOTHBOPAIUALIIOHHOM

3aIIUTHI.
BJIAJIETh:

- METOIAaMH OKCIIEPHMEHTAJIBHOTO W KOMITBIOTEPHOTO MOJCIUPOBAHUS (H3MUYECKHX IPOLIECCOB
HepeHoca MPOHUKAIOLINX U3TY4YEeHUH, METoAaMH pa3paboTKu MpoOIeMHO-MOAETUPYIOMINX CPE.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.

Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOThI
pabora
| B3aumonencTteue  raMMa-kKBaHTOB — C 10 25
BEILIECTBOM.
) BsaumoneiicTBre 3apsyKeHHBIX YacTHIL C 10 25
BEILECTBOM.
Bsaumonericteue HEUTPOHOB c
3 P 10 25
BEILIECTBOM.
Hroro yacos 30 75
[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb

135 ygac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemecrtp: 6 (Becennuit)

1. B3auMonencTBre TaMMa-KBaHTOB C BEI[ECTBOM.




JluneiiHbII ¥ MacCOBBIH  KOO(QPHUIMEHTHI  OCIA0JICHUS, TapIHAIbHBIE  COCTABIISIONINE.
doTodneKTpUYecKoe MONIONICHHE IaMMa-KBaHTOB, COITYTCTBYIOLIEE PEHTTEHOBCKOE M TOPMO3HOE
n3nydeHns. KoMInToHOBCKoe paccesiHue (OTOHOB, M3MEHEHHE DHEPIHMH M HAIPABJICHUS JBYKCHHUS
(anmzoTporus  paccesaus).  Oddexkr oOpazoBaHus map, TMOPOTOBBIA  XapakTep CEYCHUS,
AHHUTWIALMOHHOE TaMMa-u3JIy4eHHe. 3aBHCUMOCTh YyKa3aHHBIX IIPOIECCOB OT OJHEPIruu
raMMma-KBaHTOB, 3apsia siapa. [loiHelii kod(UUIMEHT ocnalbieHust Uil JITKUX W TSDKEIBIX
MarepuaoB.

2. B3aHMOI[GI>iCTBPIe 3apsIKCHHBIX YaCTUI] C BEIICCTBOM.

Tspkesble 3apsDKEHHBIE 4YacTHIBI, HMOHM3ALIMOHHBIE IIOTEPU SHEPIMHM (-YacTULl M IIPOTOHOB,
K03()(PUIMEHT TOPMOXKEHHS BEIIECTBA, 3aBHCUMOCTb CPEIHEro IMmpobera OT CKOPOCTH W MaccChl
4acTHLl, KpuBasg bparra, wHTerpanbHelii U audQepeHInanbHblil CIeKTpbl MpoOeroB. DIEKTPOHBI.
PamuanyoHHbIE 1 MOHU3ALMOHHBIE MMOTEPH DHEPTHH, 3aBUCUMOCTb UX OT CKOPOCTH 3JEKTPOHOB H
XapaKTEepUCTHK BEIECTBA, KCTPANIOJIMPOBAHHAS U MAaKCUMaJbHas JauHA npobera. [IpubnmkeHHbIe
COOTHOILIEHUS [T pacdyeTa mpobera 3apsHKeHHBIX YaCcTHLL B BEILIECTBE.

3. BzaumoaeicTBue HEMTPOHOB C BELIECTBOM.

[TonHOE W naprMaNbHbIC CEYECHHsT B3aUMOJICHCTBHS HEHTPOHOB C SAPaMH, 3aBUCHMOCTb OT YHEPIHU
HEWTPOHOB M sApa-MUILICHH. YIPYroe paccesHHe HEWTPOHOB, COpPOC JHEPrHM M HW3MECHEHHE
HaIpaBJICHUs] IBWKEHHs (aHWU30Tponus paccesHus). CpeqHss jJorapupmMuyeckasi moTepsi SHEPrHH,
OIIpe/ICICHUE YHCIa CTOJIKHOBEHUH U 3aMEJICHUS JI0 3a/laHHOM dHepruu. Heynpyroe paccesHue
HEWUTPOHOB, OSHEPreTUUECKHH IIOPOI pPEaKMH, YIJIOBOE M JHEPreTHYECKOe paclpeesieHue
paccesHHbIX HEWTPOHOB, BTOPHYHOE TaMMa-u3TydeHrne. PajnainoHHbIil 3aXBaT HEUTPOHOB H 3aXBar
HEUTPOHOB Oe3 00pa30BaHUsi BTOPUIHOTO raMMa- U3Ty4ICHUSI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BATEILHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueGHast aymuTOpHs, OCHAIICHHAS! pa004YMMHU CTAaHLUUSIMHU, 00BbETUHEHHBIMU B CETb.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Teopernueckas ¢usuka [Tekcr] : B 10 T. T. 10 : ®uznueckas kuHeTHka : yue0. mocobue Jiist By30B /
JI. . Jlanpay, E. M. JIudwmun ; nox pea. JI. I1. [TutaeBckoro .— 2-e uzf., ucnp. — M. : ®uzmamiur,
2001, 2002, 2007 .— 536 c.
2. Teopernueckas ¢usuka [Tekcr] : 8 10 T. T. 5, U. 1 : Cratuctuueckas pusuka : yued. mocobue s
yu-toB / JI. JI. Jlanmay, E. M. JIucdmmwi ; oz pen. JI. I1. ITuraesckoro .— 5-e u3j., crepeotui. — M. :
®uzmariut, 2001, 2002, 2005, 2010 .— 616 c.
3. lunamuka pazpexxkeHnoro raza. Kunernueckas teopus [ Texct]/M. H. Koran, -M., Hayxka, 1967
4. Maremarndeckas TeOpus poieccoB nepenoca B razax [Tekct]//x. @epuurep, I. Kanep , -M.,
Mup, 1976

JomnonHurensHas aureparypa
1. I"'N.Mapuyk, MeTtozsl pacueTa siA€pHBIX PEakTopos, - M.: 1961r.
2. A.benn, C. I'neccron Teopus sAepHBIX PEakTopoB, - M.: Aromuzaar, 1974.
3. A l.®pank-Kamenenkuit MogenupoBanue TpaeKTOPU HEUTPOHOB MPU pacueTe PeaKkTOpOB
MerogoM MoHre-Kapio, ®u3nka siiepHbIX peakTopos, - M.: Aromusaar, 1978r.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

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



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00pPAa30BaTEeJIbHOI0
npouecca 1o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NpOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (NPH HEOOXOAUMOCTH)

Ha nexunoHHBIX 3aHATHAX UCTIOJIB3YIOTCS MYJIBTUMEANIHBIC TEXHOIOTUH, BKIIIOYAsk IEMOHCTPAIIHIO
npe3eHTauui. B nmpouecce caMocTosTeNsHONU PabOThl 00YYarOIIMECs UCIIONB3YIOT CIEAYIOLIIE
nHpopmanronnsle Texnonorun kak GMSH, MPI, OpenGL.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCIHUIIINHBI (MO)_Iy.Tlﬂ)

Crynentsl, u3ydarone Kypc «DyHIaMeHTalnbHbBIE W TPHUKIAJHBIE TPOOJIEMBbI (PU3WKH TIepeHOca
MPOHUKAIOMIUX M3IyYeHUH B BEUICCTBE» JIOJKHBI OBJAJIETh OOIIUM TMOHSATHHHBIM anmnaparoM u
Hay4YUTHCS MPUMEHSTh TEOPETUICCKUE 3HAHUS Ha MPAKTUKE.

B pesynsrare n3yuyeHus AMCLUIUIMHBI CTYACHT IOJDKEH HMMETh OCHOBHBIC 3HAHUS O (DU3NYECKUX
mpoueccax, A NPaKTHYECKOrO PEHICHUS NPUKIAAHBIX (U3MYECKHX 3a7ad B 00IacTH SIEpPHBIX
SHEPrOTEXHOJIOTUM, UCCIIEA0BAHUI CBOMCTB MaTEPUANIOB ISl IPOTUBOPAAMALIOHHOM 3aIlUTHhI.

CryneHT, M3y4arollui JUCIUIUIMHY, JOJDKEH, C OJHOW CTOPOHBI, OBJIAJIETh OOIIMM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pPE3YyabTaTC HU3YUCHUA AUCHUIIIMHBI CTYACHT JOJUKCH 3HATb OCHOBHBLIC ONPCACIICHUA W IOHATHA,
YMETb NPUMEHATD IMOJYUCHHBIC 3HAHUS AJI1 pCUHICHUS pa3JIMYHbIX 3a/4a4.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HaNpsDKEHHON CaMOCTOSATENLHOM Pa0OTHI CTYJICHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

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

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

— IOATOTOBKY K BBITIOJTHEHUIO 33JaHHUI MPOMEKYTOUHOHN aTTeCTalnu.

[loka3zarenem BiajgeHHs MaTepHajoM CIYXXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHM4YECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU 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 POMEKYTOUHOM arTecTanuu: 6 (BECCHHHI) - DK3aMEH

Pa3zpatGoTunk: E.W. YkcycoB, KaH[I. TEXH. HayK



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-5 CriocobeH yuacTBOBaTh B IPOBEACHUH
(byHIaMEHTAIBHBIX U TIPUKJIAJHBIX
UCCIIeOBAaHUI M Pa3pabOTOK, CAMOCTOSTEIEHO
OCBaMBaTh HOBBIE TEOPETHYECKHE, B TOM YHCIIE,
MaTeMaTHYECKHE METO/Ibl HCCIICAOBAHU, U
paboTarh Ha COBPEMEHHOM dKCIIEpUMEHTAITLHON
Hay4YHO-HCCIICI0BATEIBCKOM,
M3MEPUTEIbHO-aHATUTUYECKOH 1
TEXHOJIOTUYECKOH ammaparype

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

OIIK-5.2 OOmagaerT CHOCOOHOCTBIO K OCBOECHHUIO HOBBIX
3HAHWH Ha OCHOBE W3YYCHHS JMUTEPATyphl, HAYYHBIX cTaTeit
U IPYTUX UCTOYHUKOB

[IK-1 CnocoGeH m1aHupoBaTh U IPOBOAUTH
Hay4YHbIE SKCTIEPUMEHTHI (B M30paHHOI
MPEeIMETHOM 001acTH) U (MIIN) TEOPETUIECCKHUE
(aHATMTHYECKIE M IMUTAIIMOHHEIC)
HCCIICAOBAHHUS

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM ¥ TEOPUSMH COBPEMEHHOHN (pHU3HKH

IIOHATHUSAMMU,

[IK-1.3 Bnageer KyapTypoi MOCTAaHOBKH HAay4YHOM 3aJlaud U
MOJEJINPOBAHUSI €CTECTBEHHOHAYYHBIX OOBEKTOB U CUCTEM

I[IK-1.4 VYmeer cTpoUTh MAaTEMAaTUYECKUE MOACIH MJIA
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIECHUH B
COOTBETCTBYIOIIUX HAYYHBIX 001aCTAX

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

[IK-2.2 VYMmeer HaxOIUTh
OTIPECIIAIONINE H3y4yaeMoe SIBIICHUE,
YHCIICHHBIE OIICHKH I10 MOPS/IKY BETHYHHBI

KJIIOYEBbIE  IapaMeTpbl,
U TPOU3BOIUTH

[1K-2.3 Cnioco0eH npencTaBiATh HayYHbIE YTBEPKACHUS, HX
00OCHOBaHMS M JI0Ka3aTeNbCTBA, HAYYHbIE NMPOOIEMBI M HX
pelIleHUs] SCHO M TOYHO B TEPMUHAX, MOHATHBIX JUIA
mpoeCCUOHAIBHON ayTuTOpUU, B MHUCHMEHHOH M YCTHOW

dhopme

[1K-3 CnocoGeH BbIOMpaTh U MPUMEHSATH
noaxozsiee 000py10BaHHE, HHCTPYMEHTHI U
METO/IbI UCCIIEOBAHUH I PELLICHHS 3a]1a4 B
M30paHHON NIpeAMETHOH 00IacTH

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

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.1 3naer ynciieHHbIE MOPSIIKH BEIUYHH, XapaKTEPHBIX
JUIS COOTBETCTBYIOLIEH MpodeccnoHaIbHON 00IacTu

[IK-4.3 Cnocobern 000CHOBaTh NPUIHMHHO-CIICIACTBEHHBIC
OTHOILLUEHHUSI UCTOJIb3YEMBIX IIOHATHI U MOJENEN

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEeHIU

B pesynbrare m3ydeHus QUCHUILIMHBI «DyHAaMeHTanbHBIE M NPHUKIAIAHBIE MPOOIeMbl (U3UKH HepeHoca
MPOHUKAIOMINX U3JTyYEeHUH B BEIIECTBE» 00yUaIOIIMNACS JOJIKCH:

3HAThb:

- NPUHUMIBI W MeToAbl (HU3MKM TepeHoca MPOHHUKAIOMIMX W3JIyYeHUH Ha OCHOBE METOIO0B
KHHETH4eCcKol Teopuu bosbliMaHa, MOMyYeHHs OCHOBHBIX (PM3MYECKHUX XapaKTEpPHCTHK, (pU3NUECKHe
SIBICHUA, JIeXKallMe B OCHOBE METOAOB IEPEHOCAa Ta30B HHU3IYYEHHH B CIOXKHBIX Cpelax u

KOMITO3UIIHSAX.
yMeThb:

- HCCIIe1oBaTh MPoOJIeMBbl IIEPeHOCa N3TYYEHUH Ha OCHOBE OCHOBHBIX METOJaX MPOTHBOPAAUAIIIOHHOM

3alllUThI.
BJIaJd€Th:



- METOIaMH SKCIEPHUMEHTAJIBHOTO U KOMIIBIOTEPHOTO MOJIECIUPOBAHUS (U3MUYECKHX IPOLIECCOB
MepeHoca MPOHUKAIOIINX H3JIyUYeHUH, METonaMu pa3paboTKu MPOoOIEMHO-MOIEIUPYIOLINX CPE.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0
He nmpexycmorpeHo.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBeACeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yvyarommxcst

. B3anmozeicTere HEUTPOHOB € BEILIECTBOM.

. [lonHoe 1 mapuHaIbHBIE CEYEHUS B3aUMOACHCTBYS HEUTPOHOB C S IpaMHu.
. Ypyroe paccesiHue HEHTPOHOB, COPOC PHEPTHH.

. AHU3O0TPOMHUS PACCESTHHUS.

. CpenHsis norapudMudeckas moTepst SJHEPTruHu.

. Heynpyroe paccestHue HEHTPOHOB, SJHEPIETUUECKHI IIOPOT PEAKIIUU.

. YIJIOBO€ U 9HEPreTUYECKOE PACIPEEICHUE PACCESHHBIX HEHTPOHOB.

. Bropuunoe ramma-usinyuesue.
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. PannanmoHHsIid 3aXBaT HEUTPOHOB.

9. 3axBar HEUTPOHOB O3 0Opa30BaHMS BTOPUYHOTO FraMMa- N3Ty4EHHS.
10. BzaumopelicTBue raMma-KBaHTOB C BELLIECTBOM.

11. ®oTosnEeKTpUYECKOE MOTIOIICHNE TaMMa-KBaHTOB.

12. KoMritoHOBCKOE paccesiHie (POTOHOB.

13. AHHUTWISIMOHHOE TaMMa-u3JIydeHHe. 3aBUCHUMOCTh YKa3aHHBIX TIPOIECCOB OT JHEPruu
raMMa-KBaHTOB, 3apsija aapa.

14. Tlonueiit k03¢ GUIHEHT OcnabieHus s JETKUX U TSHKEIIBIX MaTepHaioB.

15. B3anmopeicTBHE 3apsyKEHHBIX YaCTHUI] C BEILIECTBOM.

16. Tskenble 3apsHKEHHBIE YaCTHIIBL.

17. NoHH3a1MOHHBIE TOTEPU PHEPTUU 0-4aCTHI] U TPOTOHOB.

18. KoadpuumeHT TopMokeHUs BeleCTRa.

19. Kpusas bparra, uarerpanbheiii u auddepeHnnanbHbli CEeKTPhbl IPOOEToB.

20. PaguaniioHHbIE 1 HOHU3ALMOHHBIE TIOTEPH SHEPTUU.

21. IlpubnukeHHbIEe COOTHOLICHUS AJISl pacueTa npoodera 3apsyKeHHbBIX YacTHIl B BELIECTBE.

[IpumMepsl 3K3aMEeHALMOHHBIX OUJIETOB:

buner 1.

1. @OTO3MIEKTPUUECKOE TOMIOIEHNE TAMMAa-KBaHTOB.
2. KomntoHOBCKOE paccessHre ()OTOHOB.

buier 2.

1. AHHHTHISIIMOHHOE TramMMa-H3JydeHHe. 3aBHUCHMOCTh YKa3aHHBIX IIPOLECCOB OT OHEPIruu
raMMma-KBaHTOB, 3apsijia aapa.

2. onHbI# ko3P PUIHEHT OcaabIeHus Il IETKUX M TSHKEIBIX MaTepralioB

buner 3.
1. BzaumoneiicTBue 3apsHKEHHBIX YaCTHIL C BEIIECTBOM.
2. Tskelble 3apsHDKEHHBIE YaCTHULIBI.

buner 4.
1. loHM3anuoHHbIe TOTEPU SHEPTUHN 0-4AaCTHI] U IPOTOHOB.
2. Koahdumment TopMoskeHHsI BEIIECTBA.

buner 5.
1. Kpuast bparra, naterpansablii 1 fudepeHanbHblii CIIEKTPBI TIPOOETroB.
2. PapmannoHHbIe 1 MOHU3ALMOHHBIE TTIOTEPU SHEPTUU



Kpurepun onennBanus
Onenka "ommunao" (10 OGaiios) BBICTABIISIETCSI  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbLHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.
Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIbBHOE 00OCHOBAHHE MPUHATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJy4YCHHBIC 3HAHHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomro" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaraeT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa MPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3eibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0ydeHus, u
MOYKET MIPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3ily B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B HM3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOU CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MIPHUHIUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynosierBoputenbHO" (1 0aymn) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILIUHBI, JOIMycKaeT rpyOeiimne ommOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNM olleHWBaHMS 3HaHWK OOydYarolIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha TMOJITOTOBKY Ha
yCMOTpeHue 3Kk3aMeHaropa. Ompoc oOyuwatomierocs mo OWJIETY HE [JOJDKEH MPEBBINIATh OIHOTO
acTpoHOMHYeCKoro yaca. OleHUBaHUE 3HAHWW MPOU3BOJUTCS B COOTBETCTBUU C BBIIIEYKAa3aHHBIMU
KPUTEPUSIMHU B COOTBETCTBHH C COJEPIKAHNEM JUCIUILINHEI.



