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 AMCIMILINHE: MeTob! SKCIIEPUMEHTAIBHOIO U KOMIIBIOTEPHOI'O MOJIEIMPOBaHUS IIPOLIECCOB MIEPEHOCA
MPOHHUKAIOIINX U3ITyYCHHH U IPOTUBOPAAUALMOHHON 32U ThI

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
kageapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB M TEXHOJIOTHIH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: 1 (oceHHui) - Dk3amMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nekuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sk3ameny: 30 yac.

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

[Iporpammy cocrtaBui: B.®. lIubynbckuil, 1-p TeXH. HAyK, CTAPIINI HAYYHBIH COTPYIHUK

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapbl MOACTUPOBAHUS SIEPHBIX MporieccoB U Texaonoruit 01.04.2024



AHHOTANMA

CryneHtsl, wusydaromue Kypc «MeTofpl MaremMarndecko (U3MKM B 3a/a4ax TeIIo-MaccolepeHoca
Pa3peKEHHOTO Tasa», JOJKHBI OBIAJAETh OOLIMM TIOHSATHIHBIM AalapatoM W HAy4YUThCS MPHUMEHSTh
TEOPETUUYECKUE 3HAHUS HAa IPAKTUKE. B pe3ynbrare n3yyeHus IUCUUILIUHBI CTYACHT HOKEH UMETh OCHOBHBIE
npeacTaBieHust 0 GU3NIECKUX Tpolleccax, JIeKalluX B OCHOBE KWHETHUYECKOW Teopuu bonbliMana, yMeTh
3a/1aBaTh FPAHUYHBIC YCIIOBUSA JJIA PA3IUYHbBIX 337a4 KUHETUYECKON TEOPUH, PACCUUTHIBATh U aHATIM3UPOBAThH
ra30KMHETUYECKHE MPOIIECChl TEIIOMacCcoNepeHoca, pacCUNTHIBATh OCHOBHBIC (DM3HYECKUE XapaKTEPUCTHKU
Tra30KMHETUYECKUX TIPOIECCOB, 3HaTh 0O0NacTH TPUMEHEHUS KOMITBIOTEPHOTO MOJCIUPOBAHUS K
KayncenoBckuM MUKpoHacocam pa3iuyHOTO THIIA.

1. lean u 3apa4n

Heab AuCHUILIMHBI
- N3JI0’KEHHE OIMCaHMs IIPOLIECCOB MEPEHOCa MACChl ¥ SHEPIMH Ha OCHOBE ypaBHeHUs bonbiiMaHa;
- ONMCaHNe KOHEYHO-PAa3HOCTHBIX aNIPOKCUMALUI Oneparopa aJBeKIIMH KWHETHYECKOTO YpPaBHEHHS,
pacuieruieHusl KMHETHYECKOTO YypaBHEHHMsS IO (u3nMYeckuM IporeccaM. JlUckpeTHas peann3arus
HaYaJIbHBIX ¥ TPAHUYHBIX YCIOBUH.

3agaum AUCUMIIHHBI
- (opmupoBanue 0a30BbIX 3HaHWH B 007acTH (PU3MKU IMEPEHOCAa MAcChl M DHEPrHMM Ha OCHOBE
KMHETUYECKOro ypaBHeHUs boinblimana;
- 00y4yeHue CTyIEeHTOB OCHOBHBIM METOAAaM M IOAXOIaM, HCIIOJIb3yeMbIM B KHMHETHYECKOW TEOpHH,
n3ydeHue 6a30BbIX MPUHLIMIIOB KHHETHYECKOW TEOPHH, OCHOBAHHOM Ha ypaBHeHHUHU bonbimaHna;

- (opmupoBaHHE MOAXOIOB, OCHOBAHHBIX HA KOHEYHO-PA3HOCTHBIX aNIPOKCHMANHMAX OIeparopa
aJBEKIIMM KWHETHYECKOrO YpaBHEHHS, PACLICIJICHME KWHETHYECKOrO YpaBHEHHUS IO (DHU3MYECKUM
npoueccaM. JlMCKpeTHas peanu3anys HayajabHbIX U TPAHUYHBIX YCIOBUH.

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kon 1 HauMeHOBaHHE KOMIIETEHIINH NHIuKaTopbl JOCTHKEHNUS KOMIIETEHIINH

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHPOBATh CIIOCOOBI
peneHns

OIIK-3 CriocoOeH BRIOUPATh U (HITH)
pa3pabaThIBaTh MOJXO/IbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHaIbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PCIICHHUS

OIIK-3.2 CnocobOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl NPHU PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWS B
pa3IuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
aHaJM3 pe3yabTara U MPeACTaBUTh BHIBOIbI, TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAyYHOU JIUTEPATypHl,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH MPUMEHEHHSI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB
(puzuKo-MaTeMaTHIECKUX HAYK U OIIK-4.3 Cnoco0eH apryMEeHTHPOBAHO BBHIOMPATH CIIOCOO
HH(OPMAIOHHO-KOMMYHUKAIlHOHHBIX [POBEAECHUS HAyYHOT'O UCCIIENOBAHMS

TEXHOJIOTUH

OIIK-5 CriocoOeH 1 ToTOB K MOBBIIICHUIO OIIK-5.3 Crpemurcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

KBaJTU(UKALMH, TPOPECCHOHAIILHOMY POCTY U |IPO()EeCCHOHATIBLHOMY U IMYHOCTHOMY POCTY
PYKOBOZICTBY KOJUIEKTHBOM B cepe cBoei
po¢eCcCHOHANIBHON e TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COLIMAJIbHbBIE, STHUUECKUE,
KOoH(pecCHOHANbHBIE U KYJABTypHBIC PAa3IUIHs

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH

[1K-1 CriocoGeH cTaBuTh, GopMaIM30BbIBaTh U |MHGOPMALMIO 00 AKTyabHBIX PE3yIbTaTaX MCCIIENOBaHUMN B
pelnarh 3a1a4M, B TOM YUCJIe pa3pabdarTbiBath U |pPaMKaxX TEMaTHYECKOH 001acTh cBOeH mpodeccroHanbHOM

HuccCiICaoBaTb MaTCMAaTUYCCKNEC MOJCIIN JACATCIIBHOCTHU

U3y4aeMbIX ABJICHUN U TIPOLECCOB, CUCTEMHO  |[TK-1.3 Croco0eH NpPHMEHSATh TEOpeTHYecKue U (WIIH)
aHAJIM3UPOBaTh HAyYHBIE IIPOOJIEMBI, OIYYaTh |3KCIIEPMMEHTAIBHBIE METOMBI MCCIIEN0OBAHNI K KOHKPETHOM
HOBBIC HAYYHBIC PE3yJIbTaThI HayyHOH 3ajadye © HWHTEPIPETUPOBATH  IOJYYCHHBIC
pe3yabTaThl




[MK-2 CriocobeH caMOCTOsTENTHHO WK B [MK-2.1 Cnoco0eH TuIaHUpOBaTh ¥ MPOBOJAWTH Hay4dHBIC
KadecTBe 4JieHa (PyKOBOAMUTEIS) MaJIOTO HCCJICAOBAHUS CaMOCTOSITENIbHO MM B COCTaBE€ HAy4HOTO
KOJIJIEKTHBA OPTaHU30BbIBATh U MIPOBOIANTH KOJIJIEKTUBA

Hay4HbIE UCCIICOBAHMS U UX arpoOaIuio

3. IlepeyeHb IUIAHUPYEMBIX Pe3yJbTATOB 00y4eHHs 110 JUCHHUIINHE (MOXY.JII0)

B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI

3HATB!
- INPUHLUIB U METOAbl KMHETHYeCcKoil Teopuu bosbliMaHa, NOJIYy4dEeHUs KOI'€PEHTHOIO HU3JIy4EHus,
(u3nyecKue sIBIEHMs, JIeKaIINe B OCHOBE METOIOB IIEPEHOCA T'a30B U U3JIYUYCHUHN B CIIOKHBIX Cpeiax U
KOMITO3ULIMSIX.

YMETb:
- YUCJICHHO PEeLIaTh KHHETUYECKOE YPaBHEHUE.

BJIaJIETh:
- METOAaMHU KOMIIbIOTEPHOTO MOJAEIMPOBaHMS Ta30KMHETUYECKUX MPOLIECCOB, METOIAMH pa3pabOTKH
MpOoOJIEMHO-MOEIUPYIOLINX CPE HA COBPEMEHHBIX CYyIIEPKOMIBIOTEPHBIX CUCTEMAX.

4. Coep:xanue TUCUMILTUHBI (MOYJI5), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHHA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTs pabora

Mertonpl KaJMOPOBKM JETEKTOPOB ISt
u3MepeHuss  aOCONIOTHBIX  3HAUCHHH
1 IJIOTHOCTU IIOTOKOB, JHEPreTUYECKUX 2 2 10
CIIEKTPOB M MOILIHOCTEH 103 HEUTPOHOB
Y TaMMa-HU3JIy4EeHHUS.

OCHOBHEBIE MOPUHIHIIBI n MCTOABI

2 . 4 4 16
pETUCTpaLuy sIIEPHBIX U3ITy4ECHUH.

3 Oco0eHHOCTH perucTpaly HeHTPOHOB U ) ) 12
raMMa-KBaHTOB.

4 PaanoakTMBHOCTS. 2 2 12
XapakTepucTUKU B3aMMOJICHCTBHUS

5 MIPOHUKAIOMINX SAEPHBIX M3IIYYSHHH C 3 3 15
BEILIECTBOM.
OKCIEpUMEHTAJIBHOE  MOJAEIMPOBAHUE

6 IepeHoca MIPOHUKAIOIINUX 2 2 10
HNOHU3UPYIOLIUX U3Iy4E€HUHN B BELLIECTBE.

Hroro yacos 15 15 75

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. Metoap! KamuOPOBKH JETEKTOPOB IJIi U3MEPEHHs aOCOMIOTHBIX 3HAUYEHUH IUIOTHOCTH MOTOKOB,
JHEPreTU4eCKUX CIEKTPOB U MOLIHOCTEH 103 HEUTPOHOB U TaMMa-U3JIyueHHsL.



* AOCONIOTHBIC U3MEPEHHS U OIICHKA HHTCHCUBHOCTH HEMTPOHHBIX HCTOYHUKOB.

. Onpenenenne aOCONMIOTHBIX 3HAYEHHWH IUIOTHOCTEH TOTOKOB OBICTPBIX HEHTPOHOB C
HCIOJIb30BaHUEM aOCOJIOTHBIX W3MEPEHUH BEJIMYMHBI HABEACHHOM AaKTHBHOCTH METOAOM [-y
COBINAJICHUH U C UCIOIB30BAHUEM IIOPOIOBBIX aKTUBAL[MOHHBIX AETEKTOPOB II0 METOJY CPaBHEHMUS C
M0JIeM HEHTPOHOB CTaHJAPTHOTO HCTOYHHKA.

* Meroauka kaaTuOpOBKH raMMa-103UMETPOB, "XOJ C )KECTKOCTHIO".

*  Meroguka u3MepeHHs aOCONIOTHBIX 3HAYEHWH TPYIIOBBIX ITOTOKOB (CIIEKTPOB) HEUTPOHOB,
(hOTOHOB METOJIOM "MIPOTOHOB OTJA4YH" WU "KOMITOHOBCKHX JIEKTPOHOB".

* Hcrounuku (hoHa, METOBI €T0 U3MEPEHUS U TTO/IaBICHHUS.

* Merozp! KOJIMMaLUY [Ty4YKOB U JETEKTOPOB U3ITyUYEHUH.

2. OCHOBHbIE IPUHLUIIBI U METOBI PETUCTPALUU SIAEPHBIX U3ITYUEHUH.

* MoHM3aIMOHHBINA METOA.

* OOmmue MOJOKEHHS: MOHM3AIMS, IBMKCHUE 3JIEKTPOHOB, IOJIOKHUTEIBHBIX U OTPHLATEIbHBIX
HMOHOB B razax, peKOMOHHALIS.

* HoHu3annoHHBIC KaMepbl: HOHU3ALMOHHBIN TOK, TOCTOSHHASA M UMITYJIbCHAsi HOHU3aNus, paboTa
KaMep B TOKOBOM M UMITYJIIbCHOM PEXKHME, TEXHOJIOTHSI U3MEPEHHSI MAJIBIX TOKOB. [ peeBckre kaMepsl
C BO3JyXO?KBUBAJIEHTHBIMU CTEHKAaMU: TOKOBBIE, 3apsIIOBbIE.

* llpomopunoHanbHBIE CUETYMKH: Ta30BOE yCHJICHHE, OOJIACTH MPOMOPLUOHAIBHOCTH, GopMa U
BEJIMUYMHA UMILyJIbCa, MEPTBOE BpEMs, BPEMEHHOE pa3pellieHue, CYeTHas M 3arpy304Has
XapaKTEPUCTHKH.

. JleTekTopbl HEHTPOHOB M (DOTOHOB € TBEPABIM M TIa3000pa3HBIM PpajUaTOPOM; CUETUUKHU
HEHUTPOHOB Ha OCHOBE peakuuii (n,p), (n,a), (n,f) u .., BceBomHoBbI(THNA X3HCOHa-MakKn60eHa)
CUETUYHMK HEHTPOHOB; AETEKTOPHI OeTa-U3TydeHHS.

* lcnonb3oBaHME HOHU3ALMOHHOIO METO/A B CIIEKTPOMETPUH SIIEPHBIX U3TyUCHUN.

. Cuerunku [eiirepa-Mromiepa: Hecamoracsiyecss U CaMOTacsIINecss CYETUYHKH, MEPTBOE H
BOCCTaHOBUTEILHOE BpeMsl, 3PPEKTUBHOCTH PETUCTPALUU (POTOHOB, 3apsLKEHHBIX YacTHUL.

* KoOHCTpYyKIMM KaMep U CUETYUKOB.

*  CUMHTWUIALMOHHBIA METOI.

 [lpuHnun aeicTBUS CUMHTHIIISIIUOHHOTO CYETYHKA.

» OOpa3oBaHuE BCIBIILKH: JIOMHUHECUEHIHUS B CUUHTUIUIATOPE IO ACHCTBHEM HOHHU3HUPYIOLINX
U3IY4YeHUH, JJIMHA BOJHBI CBETOBOM  BCIBIIIKH, BPEMs BbICBEUMBAHMA CLUHTWUIATOpA.
CUMHTHUIATOPBL: OCHOBHBIE TPeOOBAaHMS K HUM, OpPraHMYECKHE U HEOPraHMYECKHUE, MIaCTMACCHI,
HUHEPTHBIE Ta3bl; CBETOBO/IBI.

*  DOTOYMHOXHUTENW: TPUHIMIT JAeHCTBUS, 3 (dHekTuBHOCTE (oTOKaTOAa, (POPMUPOBAHNE HMITYIbCA
Ha aHoze POTOYMHOKHUTEIIS.

» Paspemaromiee BpeMs U BpEMEHHOE pa3pellicHNE CHUHTHIIISIIUOHHOTO CYETUHKA.

. CUMHTWUISIIMOHHBIE CHEKTPOMETPBl OBICTPBIX HEUTPOHOB, ()OTOHOB, CXEMBl Ppa3ACICHHS
UMITYJIbCOB HEHTPOHOB U (DOTOHOB; CUMHTIWIIISIIMOHHBIC CYETYUKH, TO3UMETPBI U3ITyUCHUH.

*  [loaynpoBOJHHKOBBIE JIETEKTOPHl MOHM3HUPYIONMMX u3nydeHuid. OOpa3oBaHue HOCHUTENEN
3apsga 1oJ — JEWCTBHEM  M3JIyYEHHMs], YyBCTBUTEIBHBIN CIION MOIYIPOBOJHUKOBOIO AETEKTOPA.

» DHepreTHYeCcKoe M BPEeMEHHOE pa3pelieHue, 3pPeKTUBHOCTh PErucTpanuy; padoTra B CYSTHOM U
CIIEKTPOMETPUUECKOM PEXKUME.

. IToBepxHOCTHO-0aprepHbIe, TU(QPY3HOHHBIE IOIYIPOBOAHUKOBBIC JAETEKTOPHI, HAKOIIJICHHUE
paananoHHBIX 1e(eKTOB, IpeAeabHbIE IOTOKU U3ITy4eHUH (pecypc padoThl).

e Tune! [T, ITIpocTpancTBEHHOE U BPEMEHHOE pa3pelicHue

* Meron HaBeIEHHOW PaJUOAKTUBHOCTH ISl PETUCTPALMU HEUTPOHOB. SnepHble peakuuu Ui
perucrpanuu TEIUIOBBIX, 3aMEJISIOLINXCS U OBICTPBIX HEWTPOHOB, MpaBWiIa BBHIOOPA
MCTOIB3YEeMON peaKIii, HHIUKATOPBI (MaTepra, rabapuThl).

* Meronuka oOmyueHHs] WHAMKATOPOB, Mapa3uTHAs HaBeIEHHAas PaJuOaKTUBHOCTb U METOIbI €€
nozpasieHus. CrnocoObl M3MEpEeHUs] HaBeJCHHONW PaJinOAaKTUBHOCTH, U3MEpEeHHE aOCOTIOTHOTO YHCIIa
pacmagoB METOAOM [3-y COBIAACHHIA.

* AKTHBallMOHHBIE METOABI U3MEPEHMS IOTOKOB TETUIOBBIX U PE30HAHCHBIX HEHTPOHOB.

» IloporoBsie aKTHBAalMOHHBIE AETEKTOPHI U PErHCTpalru OBICTPBHIX HEUTPOHOB, OIpEEICHUE
JHEPreTU4eCcKOro coOCTaBa HEMTPOHOB B IIyUKe.



* TpekoBbI€ JETEKTOPHI.
+ Kawmepa Bunbcona; siaepablie (oTOIMYIbCHH; ITy3bIPHKOBask KaMepa; HCKpOBasi KaMmepa.

3. OcoOEHHOCTH perUCTpaIi HEHTPOHOB ¥ raMMa-KBaHTOB.

Oco0OeHHOCTH perucTpanuy HEWTPOHOB U FaMMa-KBaHTOB B CMEIIAHHBIX T'aMMa-HEUTPOHHBIX MOJIIX
SIIEPHBIX YCTAaHOBOK, TPEOOBaHMSA K JETEKTOPaM H3JIyUeHHH.

4. PaminoakTUBHOCTD.

OCHOBHOH 3aKOH pPaaroOaKTUBHOIO paciajga, MOCTOAHHAA pacliaga, NCpuoa Iojgypacmnaga, CXCMbL
pacnaza; HaBeACHHAad paJuOaKTHUBHOCTb, AKTUBHOCTb HACBIIIICHUS.

TpeOoBanuss K METOIUKE M3MEPEHUN W JIETEKTOpaM HW3IYYCHHH B MaKpPOCKONHMUYECKUX 0a30BBIX
JKCIIEPUMEHTAX.

5. XapaKTepI/ICTI/IKI/I B3aPIMO,Z[CI>iCTBHH MMPOHUKAIOIIHNX AACPHBIX H3Hy‘leHPII>i C BCIICCTBOM.

* BsaumoneiicTBuE HEUTPOHOB ¢ BemecTBOM. [lonHOE M MapuuanbHbIE CEYEHHS] B3aUMOAECUCTBHS
HEUTPOHOB C SIIPaMH, 3aBUCUMOCTb OT DHEPIMU HEUTPOHOB U SApA-MUILICHU. YIIPYTOE€ paccesiHue
HEUTPOHOB, cOpPOC PHEPIMHM M WM3MEHEHHE HANpPAaBICHUS MABIKCHHS (AHU30TPOIMS PACCESIHHUSA).
Cpennsist norapumMuueckasi oTepst SHEPIUU, ONpeeIeHHe YKcia CTOIKHOBEHUH Al 3aMeIICHUs
710 33aHHOM 3Heprun. Heynpyroe paccesHue HEHTPOHOB, SHEPIETHUECKHUI IOPOT PEAKLINH, YTIIOBOE
U DHEPreTUYecKOe paclpelleIeHUe pPAcCEsHHBIX HEHTPOHOB, BTOPUYHOE TIaMMa-U3JIyueHHUE.
PaguaunonHblii 3aXxBaT HEWTPOHOB M 3axBaT HEHUTpPOHOB ©0e3 00pa3oBaHHsI BTOPUYHOTO
ramMMa-u3/1y4eHusl.

. BzanmMonelictBrie TaMMa-KBaHTOB € BellecTBOM. JIMHEHHBIH W MacCOBBIH KOA(PQPHUIIMEHTHI
ocnabieHus1, TapuraibHble COCTABIISIOIINE.

+  @doTodrneKTPUYECKOE TIOIONIEHHE TaMMa-KBaHTOB, COITYTCTBYIOIEE PEHTITCHOBCKOE U TOPMO3HOE
n3nydeHns. KoMInToHOBCKoe paccesiHue (OTOHOB, M3MEHEHHE DHEPIHMH M HAINPABJICHUS JBYKCHHUS
(anmzoTporuss  paccesaus). Oddexkr oOpazoBaHus map, TMOPOTOBBIM  XapakTep CEYCHUS,
AHHUTWIALMOHHOE TaMMa-u3jIy4YeHHe. 3aBHCUMOCTh YyKa3aHHBIX IIPOIECCOB OT OJHEPIruu
raMMma-KBaHTOB, 3apsaa siapa. [loiHelii kod(hHUUIMEHT ocnabieHust Uil JITKUX W TSDKEIBbIX
MarepuaoB.

. B3aumopelicTBue 3apsHKEHHBIX YaCTHI[ C BEIIECTBOM. TsDKeNble 3apsHKEHHBIC YaCTHIIBL,
MOHM3AIOHHBIC TIOTEPU JHEPIHU O-YaCTHUI] U HPOTOHOB, KOIPPHIMEHT TOPMOXKEHHS BEIIECTBA,
3aBUCHMOCTH CpPEIHEro mpodera OT CKOPOCTH M MAacChl YacTHWIl, KpuBasi bparra, MHTErpaabHbIA U
T pepeHIanbHbINA CIIEKTPBI IPOOETOB.

® :‘)HGKTPOHBI. PanuanoHHble M1 MOHU3AIIMOHHBIC IOTCPU SHEPTHHU, 3aBUCHUMOCTD UX OT CKOPOCTH
OJICKTPOHOB U XapPaKTCPUCTHUK BCIUICCTBA, SKCTPAIIOJIUPOBAHHAA U MaKCUMAJIbHAA JJINHA np06era.

° HpI/I6J'H/I)KeHHBIG COOTHOLICHUS JIA pacdycTa np06era 3apsKCHHBIX YaCTHUIl B BCIICCTBC.

. Ponb paccMOTpEeHHBIX XapaKTEpUCTUK B3aMMOJCHCTBHS HM3JIYyYEHUM C sApaMM U aroMaMu
BEIIECTBA MPU MOJCIMPOBAHMH MaKpoIepeHOca U IIIyOOKOro MPOXOXKAEHUS M3IYyYeHHH B 3a1adax
paauanMoHHON 3aIUThl U 6e30macHOCTH. CBA3b MaKpOXapaKTEPUCTHUK MEPEHOCA ¢ MUKPOCEUCHUSIMH
B3aUMOJCICTBUS H3JIy4eHHH C SApaMH M aroMaMM BemiecTBa. lIpuMepsl NpakTHYECKOro
UCIO0JIb30BaHUS PACCMOTPEHHBIX IIPOLIECCOB B3aUMOACHCTBUS U3Iy4EHUH C BELLIECTBOM B YKa3aHHBIX
3a/1a4ax.

6. BKCHepHMeHTaHBHOC MOACIIUPOBAHUC TMCPCHOCA MNPOHHUKAOMIUX HWOHUZHUPYHOIIUX I/ISJ'Iy‘IeHI/Iﬁ B
BCIICCTBC.

*  DKCHIepUMEHTAJIbHOE MOJAEIMPOBAHME NEPEHOCA NMPOHHUKAIOUIMX HOHU3UPYIOUIMX W3Iy4YEeHHH B
BemiectBe basoBele (Tmma benchmark) wu  MopenbHble, TPOOIEMHO -OPHEHTHPOBAHHBIC,
MaKpOCKONIMYECKHE JKCIIEPUMEHTHl IO HCCIECJOBAaHMIO IepeHoca HEUTPOHOB U (HOTOHOB
JETUTENFHOTO JMAalla30Ha DSHEPruidl B Pa3lIMYHBIX MaTepHajax M CIOXKHBIX KOMIIO3UIHAX B
omHomepHoii wu nBymepHodl (R-Z) reomerpum; auddepeHnmanbHble  (SHEPrO  -yITIOBBIE)
XapaKTepUCTHKH (YHKLIMHU MPOITyCcKaHUs (OTpaxkeHus); miybokoe mpoxoxzaeHnue (deep penetration)
NEPBUYHOTO H3JIy4EHHs pEeakTopa, IeHepalus M IEpPEeHOC BTOPHYHBIX (OTOHOB (HEUTPOHOB),
IMIMPOKUIT ~ MOHOHANPABICHHBIH NYYOK HM3JIyYCHHH peakropa KaK «HHCTPYMEHT» IS
Makpockonmuyeckux benchmark skcriepuMeHTOB BBICOKOH HH()OPMATHBHOCTH.



* VYcranoska OP-M PHII «Kyp4aToBCKHUH WHCTHTYT»-YHHKaJIbHASI MCCIIEAOBATEIbCKAs YCTAaHOBKA
Poccun nyis mposenenust 6a3oBbix (kimacca benchmark) MakpoCKOMUYECKHX SKCIEPUMEHTOB TIO
npobieme nepeHoca HEUTPOHOB U (POTOHOB B BELIECTBE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeO0XOAMMOM AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIIICHHAS] pa00OYUMHU CTAHIIUSMHU, 00BETUHECHHBIMH B CETh.
6.IlepeyeHnb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas nuTeparypa

1. NoHnunzanmoHHbie MeTONIbI UccieaoBanus u3nydenuii [ Texct]/B. Bekcenep, JI. I'pomies, b. Mcaes, -M.
; JI., Tocrexusznat, 1949

2. DxcnepumenTtanbsHas siaepHas pusuka [Texct]. B 3 . T. 1/mox pen. 3. Cerpe , -M., 3n-Bo
WHOCTPAaHHOM JIUT., 1955

3. OkcnepuMenHTanbHas sinepHas ¢pusuka [Teker]. T. 2, [monorpadusi]/mon pea. 3. Cerpe , -M., U3n-Bo
HWHOCTp. JHUT., 1955

4. ®uzuka ObicTphix HeHTpoHOB [Tekct]. T. 1/mox pen. [Ix. Mapuona, J[x. ®aynepa, Texanka
JKcrepuMenTa, -M., [ocaromuznar, 1963

5. CUMHTHIUTALIMOHHBIA METOJT CIEKTPOMETPHH TaMMa-U3JIy4eHus! ¥ ObICTPBIX HelTpoHOoB [ Teker]/1O.
A. Eropos, -M., l'ocatomuznar, 1963

6. JI. Képruc, «BBenenune B HeUTpoHHYIO GU3KKY», ATroMuzaar, M, 1965 r.

JomnonHurensHas auTeparypa

1. YauKaneHBIE pa3paboOTKH U IKCIIEpUMEHTanbHas 6a3a KypuaroBckoro nncturyra [Tekct]/mon oom.
pea. H. H. TTonomapesa- CtenHoro, -M., M31AT, 2008

2. H.A. Bapranos, I1.C. Camoiinos, «[Ipuknagnas COUHTHIUIIHUOHHAS raMMa-CIEKTPOMETPHSD,
Arommsnar, M, 1969 1.

3. 10.1. Konesaros, B.I1. Cemenos, JI.A. TpbikoB, «CrieKTpoMeTpHUsi HEUTPOHOB U TaMMa-H3JIyuYeHHs B
paauanonHol Gusnkey, IHeproaroMmusaar, M, 1990 r.

4. Jlx. dIupunu, 1. Hoptpon, «IIpukiagHas CIEKTpOMETPHS € MOTYIPOBOJHUKOBBIMU JIETEKTOPAMMY,
mep. ¢ aunt., M, 1974 r.

5. I'.Mapuyk, MeToas! pacdera sa1epHbIX peakTopoB, M.,1961r.

6. H.benn, C. I'meccton Teopus anepHbIx peakTopoB, M., Aromuzaar,1974.

7. A JI.®pank-Kamenenknit MopenupoBaHre TpaeKTOPUIL HEUTPOHOB IIPH  PACUETE PEAKTOPOB
MerogoM Monte-Kapino, ®usnka sinepHbIx peakropoB, M., Atomuzaar, 1978r.

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

www.nndc.bnl.gov www.lanl.gov

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHIX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTALUN.

9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)



CryneHTsl, usydarouue Kypc «MeToabl 3KCIEpUMEHTAIBHOIO U KOMIIBIOTEPHOI'O MOJEIIMPOBAHMUS
MIPOLIECCOB TEPEHOCA IMPOHUKAOIIHUX HW3IyYeHHH W NPOTHUBOPAJAHALMOHHOW  3alIUTHD», JIOJIKHEI
OBJaJeTh OOIIMM HOHATHHHBIM aNlapaToM W HAy4YUTbCSd HPUMEHATh TEOPETHUECKHE 3HAHWS Ha
npakTuke. B pe3ynprare n3ydeHns JUCLUIUIMHBI CTyACHT JOJDKEH UMETh OCHOBHBIE MPEACTABICHUS O
¢u3MUeCKUX Ipoleccax, JEeKAlMX B OCHOBE KMHETHYECKOM Teopuu bonblMaHa, ymMeTh 3aaBaThb
IpaHUYHBIC YCJIOBHUS ISl Pa3IMYHBIX 3a7a4 KMHETHYECKOW TEOPUH, PACCUMTHIBATH U aHAJIU3UPOBAThH
paaualMoHHBIC TMPOIECCHl B CIOXKHBIX Cpelax M KOMIIO3UIMAX, MU3MEPSITh OCHOBHBIE (H3HUECKHE
XapaKTEPUCTHKH IPOHUKAIOMINX H3JIyYeHHUH, 3HaThb 00JacTH NPUMEHEHHUs AETEKTOPOB Pa3IMYHOIO
THNA A U3MEPEHUM INPOHMKAIOMX UW3IydeHMH pasnnyHoro tumna. Ilokaszaresnem BiaaeHus
MaTepraoM CIYXXUT YMEHHE PEIIaTh 33Jaud U OPHEHTHUPOBATHCS B KPyre BOIPOCOB, CBA3AHHBIX C
npoOiieMaMu  NPOTHBOPAAMAIMOHHOW  3amuThl. [lng  GOpMHUpOBaHMS ~ yMEHHsS  IPUMEHATH
TEOPETHUYECKUE 3HAHUS Ha MIPAKTUKE CTYACHTY HEOOXOAMMO NMpOBEIECHUE PaJHallOHHBIX U3MEPEHHUN B
3aJayax IepeHoca IPOHUKAIOIIUX U3IyUYEeHUN B CIIOKHBIX CpelaX U KOMIIO3ULHUX.

VYenenHoe ocBoeHUE Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITENIEHOM PaboThI CTy/IEHTA.

CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4eOHOro MaTepHuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSTENBHOTO U3yUEHUS;

— pelieHue 3a/1a4, MpeagaraeMblX CTy/ICHTaM Ha 3aHTHAX;

— IIOATOTOBKY K BBIMIOJTHEHHIO 33JaHHUI MPOMEKYTOUHOH aTTeCTalnu.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU M3Y4EHHsI OTICIbHBIX TEM, BOIPOCOB, CJIEAYeT OOpamarbcs 3a KOHCYIbTAlMIMHU
MIpENoAaBaTelto.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA
npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kadeapa MOIEIMPOBAHUS SIIEPHBIX MPOLIECCOB M TEXHOJIOTHIH
Kypc: 1
kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: B.®. [Iubynbckuil, 1-p TeXH. HAyK, CTAPIINI HAYYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

OIIK-3 CniocoOeH BRIOUPATh U (HITH)
pa3pabdaThIBaTh MOXOJIbI K PEIICHHIO THIIOBBIX
Y HOBBIX 337124 B 001acTH npodeccuoHamTbLHON
JIeATEIbHOCTH, YIUTBIBAsi OCOOCHHOCTH U
OTPAHUYCHUS PA3TUYHBIX METOJIOB PEIICHHUS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajiady, MJIAHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHns

OIIK-3.2 ChoocobOeH HCIIOIb30BAaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]ad, MPUMEHSsS 3HAHWUS B
pa3IMyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-4 Crioco0eH ycIenHo peain30BbiBaTh
pelleHre MOCTaBIEHHOH 3a/1a4, IPOBECTU
aHaJIu3 pe3yJpTara v IIpeJCTaBUTh BbIBOABI,
MPUMEHSIS 3HAHUSI ¥ HABBIKK B 00JIACTH
(bHU3MKO-MaTeMaTHUECKUX HAYK U
WH(POPMALOHHO-KOMMYHHKAIIMOHHBIX
TEXHOJIOTUHI

OIlIK-4.1 CnocobeH NpUMEHATh 3HAHUS M HABBIKU TIO
HCIOJIb30BAHUIO “H(}OPMALIMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUH IS TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIEOBAHUS

OIIK-5 CriocobeH 1 roTOB K ITOBBIIIEHHUIO

KBy (prKaIy, mpodeccuoHaITbHOMY POCTY U
PYKOBOJICTBY KOJIEKTHBOM B cepe cBoeit
podeCcCHOHaTBHON e TENBHOCTH, TOJIEPAHTHO
BOCIIPUHUMasI COIMAJIbHBIE, STHHUECKHE,
KOH(ECCHOHAIILHEIE U KYJIETYPHBIC PA3IHINS

OIIK-5.3 Crpemutrcs K TOJY4YEHUIO HOBBIX 3HAHUIA,

HpO(l)eCCI/IOHaJ'IBHOMy " JIMYHOCTHOMY POCTY

[IK-1 Crocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aJa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BAaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh
HOBBIC HAYYHBIC PE3yJIbTaThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyal bHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0iacTh cBoed mpodeccHoHaTbLHOU
JEATEIEHOCTH

[IK-1.3 CrnocobeH mNpuUMEHATh TeopeTHyecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN
HAay4HOM 3ajade W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

I1K-2 CiocobeH caMOCTOSTEILHO HIIA B
Ka4eCTBe dieHa (PYKOBOIUTEIIS) MAJIOTO
KOJUIEKTUBA OPTraHU30BLIBATH U MIPOBOIUTH
Hay4YHbIC UCCIICJIOBAHUS U UX allPOOaIUio

[MK-2.1 CnocoOeH TulaHUpOBaTh ¥ TPOBOJAWTH HaydHBIC
HCCIJICAOBAHMUS CaMOCTOSITENIbHO MJIM B COCTaBE€ HAy4HOTO
KOJIJIEKTUBA

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrate m3yueHus AUCHUIUIMHBL «MeETOAbl SKCHEPUMEHTAIBHOTO W KOMIIBIOTEPHOTO MOJCIUPOBAHUS
MPOIECCOB TIEPEeHOCa MPOHUKAIOIINX U3ITyUYEeHUH U IPOTUBOPAAHAIIMOHHON 3alTUTH 00YYarOIIUICS TOTKEH:

3HATb:

- NPpUHIUIBI U MCTOJbL KHHETHYCCKOM TCOpUHn BOJ'ILL[MaHa, MOJIYy4YCHHUA KOTCPCHTHOI'O HU3JIYyUCHUA,
(1)I/I3I/I‘-ICCKI/IC ABJICHUA, JIC)KAIIUE B OCHOBE MCTOIJOB IIEPEHOCA I'a30B U HSHy‘IeHI/Iﬁ B CJIOKHBIX Cpclax U

KOMITO3HIIMSIX.
yMeTh:

- UACJICHHO pCHIATh KUHCTUYCCKOC YPABHCHUC.

BJIad€Th:

- METOaMHU KOMITBIOTEPHOTO MOJAEIMPOBAHUS TA30KMHETUYECKUX MPOLIECCOB, METOAAMHU pa3padOTKU
po0JIEMHO-MOJIETTMPYIOIINX CPE HAa COBPEMEHHBIX CYIEPKOMITBIOTEPHBIX CHCTEMAX.

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

C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAUTCS YCTHBIH ONpoC B
Hayaje 3aHATUS 110 TEME IPOIIOTO 3aHATHS.

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

o0yuyarommxcst



. B3anmopeicTere HEUTPOHOB € BEILIECTBOM.

. [IonHoe 1 mapuuaIbHbIE CEYEHUS B3aUMOACHCTBHSI HEUTPOHOB C sIpaMu
. Heynpyroe paccesitHue HeHTpOHOB

. OHepreTUYEeCKUi MOpor peakuuu

. YIJIOBO€ U 9HEPreTUYECKOE PaCIPeAEICHUE PACCESHHBIX HEHTPOHOB

. Bropuunoe ramma-usinydesue.

. PannanmonHsIii 3aXxBaT HEUTPOHOB

0 3O L AW~

. 3axBar HEUTPOHOB Oe3 00pa30BaHUsI BTOPUYHOTO FraMMa- H3JTy4CHUSI.
9. BzanMoelicTBHE TaMMa-KBaHTOB C BEILIECTBOM.

10. ®oToanmeKTpUUECKOe MOMIONICHHE TaMMa-KBaHTOB, COIYTCTBYIOIIEE PEHTTEHOBCKOE M TOPMO3HOE
U3ITy9CHHS.

12. KomnToHOBckoe paccesHue (OTOHOB, H3MEHEHHE OJHEPrMU U HANPABICHHUS JABMKCHHS
(aam30TpOMHS paccesHus).

13. DddexT oObpazoBanus nap, MOPOTOBHIN XapaKTep CEUEHUS, AHHUTWIISIIIMOHHOE raMMa-nu3IyueHHe.
14. B3anmozpeiicTBre 3apsyKEHHBIX YaCTHI] C BEIIECTBOM.

15. Tsxenble 3apspKeHHBIE YaCTUIIBI, HOHU3AIMOHHBIE TIOTEPH YHEPTUH O-HaCTHIL

16. KoaddunmeHT TopMOkeHUS BEIIECTRA.

17. Kpusas bporra.

18. MuTerpanbhbiii U uddepeHTuaIbHbINA CIEKTPhI TPOOETOB.

19. DOnextponsl. Paguarionnbie 1 MOHU3AIIMOHHBIE TIOTEPHU SHEPTUN

20. [TpubamkeHHBIE COOTHOIICHHUS TSI pacueTa Mpodera 3apsKeHHbBIX YaCTHI] B BEIIECTBE.
21. PenakcanioHHast MOJEIIb.

22. Meronpb! penieHust ypapaenus auddysuu

23. Mertox AMCKPETHBIX OPAMHAT JUIs PEIIEHHs ypaBHEHUs IIepeHoca.

24. Meton Monte-Kapio.

25. I'pynmnoBoe npuOIMKEHUE U TPYNIOBbIC KOHCTAHTHI.

[TpumMepbl 3K3aMEHAITMOHHBIX OUJIETOB:
buner 1.

1. KomnroHoBCKOE paccestHue (OTOHOB, N3MEHEHUE SHEPTUU M HAIPaBICHUS ABHKCHUS (aHH30TPOIIUS
paccesiHus).

2. O¢ddexr oOpazoBaHus Map, MNOPOTOBBIM XapaKTep CEYCHHS, aHHUTHIIIIUOHHOE FraMMa-U3JIy4eHuE.

buier 2.
1 B3zaumonelicTBre 3apsKEHHBIX YaCTHI] C BEIECTBOM.
2. Tsoxenbie 3apsHKEHHBIC YaCTUIIBI, HOHU3AIMOHHBIC TIOTEPH SHEPTHUH (-9aCTHII.

burer 3.
1 KoaddummeHT TOpMOXKEHHSI BELIECTBA.
2. Kpusas bpoarra.

burer 4.
1. MaTerpanbubiii u auddepeHInanbHbIi CieKTpbl TPOoOeroB.
2. Onextponbl. PaguanronHble 1 MOHW3aIMOHHBIE IOTEPU YHEPTUH.

Kputepun oniennBanus

Onenka "ommuno" (10 GayioB) BBICTABIISIETCSl  CTYAEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpaMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.



Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.

Onenka "ormmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, ITOKa3aBIIEMYy BCECTOPOHHME,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIBHOE 00OCHOBAHHE MPUHATBHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMMU.

Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, IPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYCHHBIC 3HAHWSA Ha MPAKTUKE, HO HEJOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YNIBTATHI.

Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaraeT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHWS HAa MPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.

Onenka "xopomo" (5 0ayuioB) BBICTaBISETCS CTYACHTY, €CIIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHSTh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIBbIIOE KOJTUUYECTBO HETOUHOCTEH.

Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYACHTY, IMOKa3zaBlIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO MpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCTIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO MarepHaia, HO MPHU 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyalLlnH.

Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEeI0BAaTeIbBHOCTH B H3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOAUMBIMHE JUTS JaJIbHEHIIEro o0y4eHus U
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.

Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCTH OCHOBHOTO COZEPXKaHMS Y4eOHOM HporpaMMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKaxX OCHOBHBIX MPHUHIUIIOB M HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPH PELICHUU
THUIIOBBIX 33/a4.

Omnenka "HeynosierBoputenbHO" (1 0amn) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIycKaeT rpyOeiimune ommOKy B (HOPMYIUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTUYECKHX
3aj1ay.

5. MeTonuueckune MaTepuasbl, onpeaeasonie NPpoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHNM olleHWBaHMS 3HaHWK OOydYaroleMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3Kk3aMeHaropa. Ompoc oOywatomierocs mo OWJIETY HE JOJDKEH MPEBBIIIATh OIHOTO
acTpoHOMHYecKoro 4yaca. OlleHHBaHHWE 3HAHUM MPOU3BOIUTCS B COOTBETCTBHU C BBIIIEYKa3aHHBIMU
KPUTEPUSIMHU B COOTBETCTBHH C COJEPIKaHUEM JUCIUILINHEL.



