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

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

Nnpo¢uJIb NOATOTOBKH: Anepnas ¢puzuka, YTC 1 koMIbIOTEpHBIE METOIBI B (PU3UKE

OusTex-mkona GU3NKUA U ucciaeaoBanuil uM. Jlanaay
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nekuuu: 15 gac.
ceMuHapsl: 15 vac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 75 gac.
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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

].le.]'lb AUCHUIIINHBI
- U3JIO)KCHUEC OMMNCAaHUA IMPOUECCOB IIEPECHOCAa MACChI U DHEPTHU Ha OCHOBC YPaBHCHU BOHLHMaHa;

- ONMCaHNe KOHEYHO-PAa3HOCTHBIX aNIPOKCUMALUI Oneparopa aJBeKIIMH KWHETHYECKOTO YpPaBHEHHS,
pacuieruieHusl KMHETHYECKOTO YypaBHEHHMsS IO (u3nMYeckuM IporeccaM. JlUckpeTHas peann3arus
HaYaJIbHBIX ¥ TPAHUYHBIX YCIOBUH.

33]13‘[1/[ JAUCHUIIINHBI

- (opmupoBanue 0a30BbIX 3HaHWH B 007acTH (PU3MKU IMEPEHOCAa MAcChl M DHEPrHMM Ha OCHOBE
KMHETUYECKOro ypaBHeHUs boinblimana;

- 06yqel-me CTYACHTOB OCHOBHBIM MCETOAAM M IIOAXOAaM, HCIIOJIb3YCMbIM B KUHETUYECKOMN TCOpUHU,
HU3YyUCHUC 0a30BEIX HOPHUHIHAIIOB KHHCETHYECKOMN TCOpUHU, OCHOBaHHOM Ha YpPpaBHCHUHA BOJ'ILI_IMaHa;

- (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:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

YK-1.1 Ananuzupyet npoOIEMHYIO CUTYAIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEXKIY HUMH

VYK-1.2 OcymecTBiser TMOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHOW  CHUTyallud Ha  OCHOBE

YK-1 CriocobeH ocyecTBIsATh KpUTHUECKUN
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TT0JIX0/1a, BEIPAaOaThIBATh
CTPATEruIo NEUCTBUI

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS
MOCTABJICHHOM IIeId Kak IOCJICAOBAaTeIbHOCTh IIaroB,
HpeABUIS PE3yabTaT KaKAO0ro0 M3 HUX M OLEHMBAs HX
BIMSIHUE Ha  BHEIIHEE  OKPY)KEHHE  IUIaHUPYyeMOi
JEATEIbHOCTH M Ha B3aMMOOTHOLICHUS YYAaCTHMKOB ITOM
JesITeIbHOCTH

OIIK-1.1 NmeeT npeacTaBieHrne 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1 Cnocoben (hopMynupoBaTh eI U
3aJ1a4M MCCIICAO0BAHNUS, BEIOUPATh KPUTSPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIITyOJICHHBIMUA 3HAHUSIMH 110
BBIOPAaHHOW  HANpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMHU
HaBBIKAMHU MPOBEACHUSI HAYYHO- HCCIIEIOBATENILCKUX PaboOT
10 IPEAJIOKEHHON TeME

OIIK-2.2 Cmocoben 00001maTs ¥ KPUTHYECKH OIEHUBATh
ONBIT W PpEe3yNabTaThl HAyYHBIX HCCIEIOBaHUI B o00nacTu
OIIK-2 CriocoOeH npuMEeHSTh COBPEMEHHEIE npo(eCCHOHANBHON NEATEILHOCTH

METO/Ibl UCCIICI0BAHUS, OLICHUBATh U OIIK-2.3 Cnoco0OeH apryMeHTUpOBaHO BBIOMpATh CIIOCOO
HPEJICTABIIATH PE3YIIBTAThI BBITOIHECHHOU MPOBCACHUA HAyYHOI'0 MCCICAOBAHMS, IPUMCHATh 3HAHUS B
paboThI obnmactu NMpo¢)eCCHOHANBHONW AEATEIbHOCTH AJSl PELICHUs

MOCTAaBJICHHON 3agaud, (OpPMYIMPOBaHHUsS BBIBOAOB U
OLIEHKH IIOJTy4YEHHBIX pe3y/IbTaToB




[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MaTreMaTH4ecKuX Mojieliel B 001acT sIepHO
(U3UKH U TEXHOJIOTUI

[IK-1.1 3HaeT ¢pusuveckoe OMUCaHKE SBICHUA U MPOILIECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOIOTHHA

[IK-1.2 Ymeet co3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OONacTH sAepHON (UBHKH |
TEXHOJIOT U1

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMHU

[IK-2 T'0TOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIIUX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIEpHOH pU3HKH U
TEXHOJIOTUHI

[TK-2.1 3naeT METOABI HUCCIENOBAHUS U pacueTa IMPOIecCoB,
MPOUCXOMANINX B COBPEMEHHBIX (DU3MUYECKUX YCTaHOBKAX W
YCTPOWCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh M IPOBOIUTH HCCIETOBAHUS
MPOLIECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTPOWCTBaX B OOJACTH siIEpHON (PH3UKU U
TEXHOJIOTUI

I1IK-2.3 Bmageer HaBbIKAMU HCIOJb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMH W IaKEeTOB MPHUKIIAIHBIX
MPOTPaMM TIPU MPOSKTHPOBAHUH M PACUETE YCTPOUCTB WIH
00beKTOB (YCTAaHOBOK, MarepuajoB, NMpuOOpOB) B CBoel
MPEIMETHOM 00JIacTH

I1K-3 CiocobeH 00bEKTHBHO OIIEHHUTH
MpeyIaraeMoe PeIeHUue Uik MPOSKT O
OTHOIIICHHIO K COBPEMEHHOMY MHUPOBOMY
YPOBHIO, MOATOTOBUTH SKCIIEPTHOE 3aKITIOUCHHE

[IK-3.1 3HaeT coBpeMEHHBI YpOBEHb Pa3BUTHS HAayKH U
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM 0bnacTu

[IK-3.2 YmeeT cOOTHOCHUTH MpeArojaraeéMoe pelieHue win
MPOEKT C COBPEMEHHBIM MUPOBBIM YPOBHEM

[IK-3.3 Bnaageer  HaBbIKAMM  JKCHEPTHOM
MpeajaraeMpIX penieHni Wik MPOEKTOB

OLICHKH

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0CBOHUS AUCLUIIMHBI 00y4alOIINeCs JOIKHbBI

3HATb:

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

KOMITO3HIIMSIX.
YMETB:

- UACJICHHO pCHIATh KUHCTUYICCKOC YPABHCHUC.

BJIAJIETh:

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

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Mertonbl KaluOpPOBKH JE€TEKTOPOB IS
U3MEpeHUs1  aOCONIOTHBIX  3HAYCHUI
1 IJIOTHOCTH  TIOTOKOB, DHEPTreTHYECKUX 2 2 10
CHEKTPOB M MOIIHOCTEH /103 HEUTPOHOB
Y raMMa-HM3Iy4YeHusI.
) OCHOBHBIE ~ NPUHOUOBI | MeTOzIbI 4 4 16
PETUCTPALIMH SIIEPHBIX U3ITYUCHUH.




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

4 PagnoakTUBHOCTE. 2 2 12
XapakTepucTUKU B3aMMOJICHCTBHUS

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

6 IepeHoca MIPOHUKAIOIINUX 2 2 10
HNOHU3UPYIOLIUX U3Iy4EHUHN B BELLIECTBE.

Hroro yacos 15 15 75

[TonroToBka K 3K3aMeHy 30 gac.

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

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

Cemectp: 1 (Ocennuii)

1. Metoap! KamuOPOBKH JETEKTOPOB IJIsi M3MEPEHHs aOCOMIOTHBIX 3HAUYEHUH IUIOTHOCTH MOTOKOB,
JHEPreTU4eCKUX CIEKTPOB U MOLIHOCTEH 103 HEUTPOHOB U TaMMa-U3JTyueHHs.

* AOCOIIOTHBIE NU3MEPCHUA U OLICHKA HHTECHCUBHOCTU HeﬁTpOHHBIX HNCTOYHHKOB.

. Onpenenenne aOCONMIOTHBIX 3HAYEHHWH TUIOTHOCTEH TOTOKOB OBICTPBIX HEHTPOHOB C
WCIOJb30BaHUEM aOCOJIOTHBIX HW3MEPEHUH BEJIIMYMHBI HABEICHHOM AaKTHBHOCTH METOAOM [-y
COBINAJICHUH U C UCIOIB30BAHUEM IIOPOIOBBIX aKTUBAL[MOHHBIX AETEKTOPOB II0 METOJY CPaBHEHMS C
[I0JIEM HEUTPOHOB CTAHIAPTHOTO UCTOYHHUKA.

* MeTonuka KaIMOPOBKHY raMMa-I03UMETPOB, X0 C JKECTKOCTHIO".

*  Meroguka u3MepeHHs aOCONIOTHBIX 3HAYEHWH TPYIIOBBIX IIOTOKOB (CIIEKTPOB) HEUTPOHOB,
(hOTOHOB METOJIOM "MPOTOHOB OTJAYH" WU "KOMITOHOBCKHX JIEKTPOHOB".

» Hcrounvku GoHa, METOBI €T0 U3MEPEHUS U TIOAABICHHUS.
* MeToap! KOJITMMAIUU ITYYKOB U JETEKTOPOB U3ITYUCHHIA.

2. OCHOBHbIE IPUHIUIIBI U METOBI PETUCTPALUU SIAEPHBIX U3ITYUEHUH.

* MOHM3aMOHHBINA METOA.

*  OOmme MOJOKEHHS: MOHM3AIMS, IBMXKCHUE 3JIEKTPOHOB, IOJIOKHUTEIBHBIX U OTPHLATEIbHBIX
HMOHOB B razax, peKOMOHHAIIHS.

* HoHu3annoHHBIC KaMepbl: HOHU3ALMOHHBIN TOK, TOCTOSHHASA M UMITYJIbCHAsi HOHU3aLus, paboTa
KaMep B TOKOBOM U UMITYJIbCHOM PEKUME, TEXHOJIOTHS U3MEPEHHs MAJIbIX TOKOB. | peeBCKue Kamepsl
C BO3/1yXO’KBUBAJICHTHBIMH CTCHKAMH: TOKOBBIE, 3apsi/I0BbIC.

* llpomopunoHanbHBIE CUETYHMKH: Ta30BOE yCHJICHHE, OOJIACTh NPOMOPLUOHAILHOCTH, GopMa U
BeJIMYMHA HMITyIbCa, MEpPTBOE BpEMs, BpPEMEHHOE pas3pelleHHe, CUeTHas U 3arpy3ouyHas
XapaKTEPUCTHKH.

. JleTekTopbl HEHTPOHOB M (DOTOHOB € TBEPABIM M TIa3000pa3HBIM PpajUaTOPOM; CUETUUKU
HEHUTPOHOB Ha OCHOBE peakuuii (n,p), (n,a), (n,f) u .., BceBomHoBbI(THNA X3HCOHa-MakKn60eHa)
CUETUYHK HEHTPOHOB; AETEKTOPHI OeTa-U3TyudeHHS.

* Hcnonb3oBaHne HOHNU3AIMOHHOTO METO/A B CIIEKTPOMETPHUH SACPHBIX M3ITyUCHUI.

. Cuerunku [eiirepa-Mromiepa: Hecamoracsiiyecss U CaMOTacsIINecsl CYETUYHUKH, MEPTBOE H
BOCCTaHOBUTEILHOE BpeMsl, 3PPEKTUBHOCTH PETUCTPALMU (POTOHOB, 3apsKEHHBIX YaCcTHUL.

» KoHCTpyKIMK KaMep U CYETYHKOB.

*  CUMHTWUIALMOHHBIA METOI.

 [lpuHnun geicTBUs CUMHTHIISIIUOHHOTO CYETYHKA.

» (OOpa3oBaHuE BCIBILKH: JIOMHUHECHUEHIHUS B CUUHTUIUIATOPE IO ACHCTBHEM HOHHU3HMPYIOLINX
W3Ty4eHWH, JJIMHA BOJHBI CBETOBOM  BCIIBIIIKHM, BPEMS BBICBEUMBAHUS CHUHTWILIATOpA.
CUMHTHUIATOPBL: OCHOBHBIE TPeOOBAaHMS K HUM, OPraHHYECKHE U HEOPraHMYECKHUE, IIIaCTMACCHI,
MHEPTHBIE Ta3bl; CBETOBO/IBI.



*  DOTOYMHOXHUTENW: TPUHIMI JAeHCTBUS, 3 (dekTUBHOCTE (oTOKaTOAa, (POPMUPOBAHUE HMITYIbCA
Ha aHo/e (POTOYMHOKHUTEIIS.

» Paspemaroniee BpeMs 1 BpEMEHHOE pa3pellicHNE CHUHTHIIIIIUOHHOTO CYETUHKA.

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

*  [loaynpoBOJHHKOBBIE JIETEKTOPHl MOHM3HUPYIONMMX u3nydeHuid. OOpa3oBaHue HOCHUTENEN
3apsga 1oJ  JEWCTBHEM  M3JIyYEHHMs], YyBCTBUTEIBHBIN CIONW MOIYIPOBOJHUKOBOIO AETEKTOPA.
» DHepreTHYeCcKoe M BPpeMEHHOE pa3pelieHue, 3pPeKTUBHOCTh PErucTpauuy; padoTra B CYSTHOM U
CIIEKTPOMETPUUECKOM PEXKUME.

. IToBepxHOCTHO-0aphepHbIe, TU(QPY3HOHHBIE IOIYIPOBOAHUKOBBIC JAETEKTOPHI, HAKOIIJICHHUE
paaranoHHBIX 1e()eKTOB, IpeAeIbHbIE IOTOKU U3ITy4eHUH (pecypc padoThl).

e Tune! [T, ITIpocTpancTBEHHOE U BPEMEHHOE pa3pelicHue

* Meron HaBeIEHHOW PaJUOAKTUBHOCTH ISl PETUCTPALMU HEUTPOHOB. SnepHble peakuuu Ui
peructpanuu TEIJIOBBIX, 3aMeUISIOIIXCS U OBICTPBIX HEWTPOHOB, MpaBWiIa BBHIOOpPA
MCTIOBb3YEeMON peaKIiu, HHIUKATOPBI (MaTepua, radbapuThl).

* Meronuka oOmyueHHUs] WHAMKATOPOB, Mapa3uTHAs HaBeIEHHAas PaJuOaKTUBHOCTb U METOIbI €€
nozpasienus. CrocoObl U3MEpEHUs] HaBeJCHHOW PaJinOaKTUBHOCTH, U3MEpEeHHE aOCOTIOTHOTO YHCIIa
pacmagoB METOAOM [3-y COBIAACHHA.

* AKTHBallMOHHBIE METOABI U3MEPEHHS IOTOKOB TETUIOBBIX U PE30HAHCHBIX HEHTPOHOB.

» IloporoBsie akKTHBAalMOHHBIE AETEKTOPHI U PErHCTpalru OBICTPBIX HEUTPOHOB, OIpEEICHUE
JHEPreTU4eCcKOro cCoOCTaBa HEMTPOHOB B IIyUKe.

* TpekoBbI€ JETEKTOPHI.
+ Kawmepa Bunbcona; siaepabie (oTOIMYIbCHY; ITy3bIPHKOBask KaMepa; HCKpOBasi KaMmepa.

3. OcoOEHHOCTH perucTpaIii HEHTPOHOB ¥ raMMa-KBaHTOB.

OcobOeHHOCTH perucTpanuy HEWTPOHOB U FaMMa-KBaHTOB B CMEIIAHHBIX T'aMMa-HEUTPOHHBIX MOJISIX
SIIEPHBIX YCTAHOBOK, TPEOOBaHMSA K JETEKTOPaM H3JIyUeHHH.

4. PaminoakTUBHOCTD.

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

TpeOoBaHuss K METOMUKE M3MEPEHUH W JIETEKTOpaM HW3IYYEHHH B MaKpOCKOIHMUYECKUX 0a30BBIX
JKCIIEPUMEHTAX.

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

* BsaumopeiicTBuE HEUTPOHOB ¢ BemecTBOM. [lonHOE M MapuuanbHbIE CEUEHHS] B3aUMOAECUCTBHS
HEUTPOHOB C SIIPaMH, 3aBUCHMOCTb OT SHEPIMM HEUTPOHOB U SApAa-MUILICHU. YIIPYTOE€ paccesiHue
HEUTPOHOB, cOpPOC PHEPIMHM M H3MEHEHHE HANpAaBICHUS ABIKCHHS (AHU30TPOIMS PACCESIHHUSA).
Cpennsas norapumMuueckasi oTepst SHEPIUH, ONpeeIeHHe YKciaa CTOIKHOBEHUH Al 3aMeIICHUs
710 337aHHOM 3Heprun. Heynpyroe paccesHue HEHTPOHOB, SHEPIETHUECKHUI IOPOT PEAKLINH, YTIIOBOE
U DHEPreTUYecKOe paclpellelIeHUe pPAacCEsHHBIX HEHTPOHOB, BTOPUYHOE TIaMMa-U3JIyueHHUE.
PaguauvonHblii 3axBaT HEHWTPOHOB M 3axBaT HEHUTPOHOB ©0e3 00pa3oBaHHsl BTOPUYHOTO
ramMMa-u3/1y4eHusl.

. BzanmMonelictBrie TaMMa-KBaHTOB € BellecTBOM. JIMHEHHBIH U MacCOBBIH KOA(PQPHUIIMEHTHI
ocnabieHus, TapuraibHble COCTABIISIOIINE.

+  @®oTodrMEKTPUYECKOE TIOTIONIEHHE TaMMa-KBaHTOB, COITYTCTBYIOIEE PEHTITCHOBCKOE U TOPMO3HOE
n3nydeHns. KoMnToHOBCKoe paccesiHue (OTOHOB, M3MEHEHHE DHEPIHMH M HAIPABJICHUS JBYKCHHUS
(anmzoTporus  paccesaus). Oddexkr oOpazoBaHus map, TMOPOTOBBIA  XapakTep CEYCHUS,
AHHUTWIALMOHHOE TaMMa-u3jIy4YeHHe. 3aBHCUMOCTh YyKa3aHHBIX IIPOIECCOB OT OJHEPruu
raMMma-KBaHTOB, 3apsia siapa. [loiHelii kod(GHUUMEHT ocnalbneHust Ui JITKUX M TSDKEIBbIX
MarepuaoB.

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



* OnexrpoHsl. PaguannonHbple 1 MOHU3ALMOHHBIE IOTEPU YHEPIUHU, 3aBUCUMOCTh UX OT CKOPOCTH
3JIEKTPOHOB U XapaKTEPUCTUK BEIIECTBA, SKCTPAMIOIMPOBAHHAS M MAKCUMaJIbHAs JUITMHA Ipolera.

* IpubnxeHHBIE COOTHOLICHHUS AJIsl pacdeTa npodera 3apssKeHHbBIX YaCcTHIl B BELICCTBE.

. Ponb paccMOTpEeHHBIX XapaKTEpUCTUK B3aMMOJCHCTBHS M3JIYyYEHUM C sApaMM U aroMaMu
BEIIECTBA MPU MOJCIMPOBAHMH MaKpoIepeHOca U IIyOOKOro MPOXOXKAEHUS M3IyYeHHH B 3a/1adax
paauanMoHHON 3aUThl U 6e30macHOCTH. CBA3b MaKpOXapaKTEPUCTUK MEPEHOCA ¢ MUKPOCEUCHUSIMH
B3aUMOJICICTBUS H3JIy4eHHH C SApaMH M aroMaMM BemiecTBa. lIpuMepsl IpakTHUYECKOro
UCIIOJIb30BaHUS PACCMOTPEHHBIX IIPOLIECCOB B3aUMOACHCTBUS U3Iy4EHUHN C BELLIECTBOM B YKa3aHHBIX
3a/1a4ax.

6. BKCHepHMeHTaHBHOC MOACIIUPOBAHUC TMCPCHOCA NMPOHHUKAOMIUX HWOHUZHUPYHOIMIUX I/ISJ'Iy‘IeHI/Iﬁ B
BCIICCTBC.

*  DKCHIepUMEHTAJIbHOE MOJAEIMPOBAHME NEPEHOCA NMPOHHUKAIOUIMX HOHU3UPYIOUIMX W3Iy4YEeHHH B
BemiectBe basoBele (Ttmma benchmark) wu  MopenbHble, TPOOIEMHO -OPHEHTHPOBAHHBIC,
MaKpOCKONIMYECKHE JKCIIEPUMEHTHl 10 HCCIECJOBAaHMIO IEpeHoca HEUTPOHOB U (HOTOHOB
JeNUTENIFHOTO JTHana3oHa HHEPruid B PAa3IMUYHBIX MaTepuanax W CIOKHBIX KOMIIO3ULMSIX B
omHomepHoii wu nBymepHodl (R-Z) reomerpum; auddepeHnmanbHble  (SHEPrO  -YIIOBBIE)
XapaKTepUCTHKH (YHKLUMHU MPOITyCKaHUs (OTpaxkeHus); miybokoe mpoxoxzaeHue (deep penetration)
NEPBUYHOIO H3JIy4EHHs pEeakTopa, IeHepalus M IEpPeHOC BTOPHUYHBIX (OTOHOB (HEUTPOHOB),
IIUPOKHA  MOHOHANpPABICHHBIA MY4YOK M3JIY4YCHUH peakropa Kak «HMHCTPYMEHT»  JUIS
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 HEURTPOHOB U (POTOHOB B BELIECTBE.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0MMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

VYueOHast ayTuTOpHs, OCHAIICHHAS! pa00OYUMHU CTAHIIUSMHU, 00BETUHECHHBIMH B CETh.
6.IlepeyeHb pekoMeHAYeMOM JUTEPATyPhI

OcHoBHas nuTeparypa

1. NoHun3anmoHHbie MeTONIbI UccieaoBanus u3nydenuii [ Texct]/B. Bekcenep, JI. I'pomies, b. Mcaes, -M.
; JI., Tocrexuznat, 1949

2. DxcnepuMenTtansHas siaepHas pusuka [Texct]. B 3 . T. 1/mox pen. 3. Cerpe , -M., 3n-Bo
WHOCTpaHHOM JHT., 1955

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

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

5. CUMHTHIUIALIMOHHBIA METOJ CIEKTPOMETPHH TaMMa-U3JIy4eHuUs! ¥ ObICTPBIX HelTpoHOoB [ Teker]/1O.
A. Eropos, -M., l'ocatomuznar, 1963

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

JomnonHurenbsHas auTeparypa

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



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

3. 10.1. Konesaros, B.I1. Cemenos, JI.A. TpbikoB, «CrieKTpoMeTpHUsi HEUTPOHOB U TaMMa-H3JIyueHHs B
paauanonHol Gusnkey, IHeproaroMmusaar, M, 1990 r.

4. Jlx. dIupunu, 1. Hoprpon, «IIpukiagHas cCneKTpOMETPHS € MOTYIPOBOJHUKOBBIMU JIETEKTOPAMMY,
nep. ¢ aunt., M, 1974 r.

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

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

7. A JI.®pank-Kamenenknit MopenupoBaHre TpaeKTOPUI HEUTPOHOB IIPH  PACUETE PEAKTOPOB
MetogoM Monte-Kapino, ®usnka sinepHbIx peaktopoB, M., Atomuzaar, 1978r.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS1 OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

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

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredyeHust
¥ HH(POPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIIOTUH, BKITIOYas IEMOHCTPALIHIO
Npe3eHTALUN.

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

CryneHTsl, W3ydarmomme Kypc «MeTolbl SKCIEPUMEHTAILHOTO W KOMITBIOTEPHOTO MOJISITHPOBAHUS
MPOIECCOB TMEPEHOCa MPOHHUKAMOIINX HM3IYYEHUH W NPOTUBOPAJAUAIMOHHOW  3alUTHDY, JIOJKHBI
OBJIAJIETh OOIIMM TOHSATUHHBIM aIlllapaToM W HAyYUThCS NPHUMEHATh TEOPETUYSCKHE 3HAHWS Ha
MpakTuke. B pesynbrare u3ydeHus AUCHUIUIMHBI CTYJACHT JOJDKEH UMETh OCHOBHBIC TIPEJICTABICHHS O
(hm3rUecKuX TMporeccax, JeKaluX B OCHOBE KHMHETHUYECKOH Teopuu boibliMaHa, yMeTh 3a/1aBaTh
IpaHUYHbIC YCIOBUS JUISl Pa3IMYHBIX 337a4 KMHETHYECKOW TEOPUH, PACCUHUTHIBATH U aHAITH3UPOBATH
paJvafoOHHbIE TPOIECCHl B CIOXKHBIX CPeJaX M KOMIIO3HIIHMSX, U3MEPATh OCHOBHBIE (M3WUYECKHE
XapaKTEPUCTHKH MPOHUKAIONIMX H3IIyYEHHUH, 3HaTh 00JacTH TMPUMEHEHHUsS JETEKTOPOB Pa3IMIHOTO
TAMA IS W3MEPEHUH NPOHWKAINWX W3IyYeHUH pasnudHoro Ttumna. llokasarenem BrajgeHus
MarepHualioM CIY)KAT YMEHHE pellaTh 3a/ladd U OPHUCHTHUPOBATHCS B KPYre BOMPOCOB, CBS3aHHBIX C
mpoOiieMaMyd  MPOTHBOPAJAMANMOHHONW  3amuThl. Jlnms  ¢GopMuUpoBaHUS  yMEHUS  MPUMEHSTH
TEOpETHUECKUE 3HAHUS Ha MPAKTHKE CTYICHTY HE0OXOAMMO MPOBEICHUE PaHalliOHHBIX H3MEPEHHUN B
3a/1a4ax MepeHoCca MPOHUKAIONUX H3IIYICHHUH B CII0KHBIX CpEAaxX U KOMITO3UITUSX.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHILTHHE;

— BeJIEHUS KOHCIICKTA 3aHSITUH;

— HANPSHKEHHON CaMOCTOSTEILHON PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

— mpopaboTKy yd4eOHOro Marepuayia, IMOATOTOBKY OTBETOB Ha BOIPOCHI, MPEIHA3HAYCHHBIX IS
CaMOCTOSITEILHOTO U3yUCHHSI,;

— pelieHue 3a/1ad, MpeaiaracMbIX CTyJICHTaM Ha 3aHITHSX;

— MOJITOTOBKY K BBITIOJHEHUIO 3aJ]aHUi TIPOMEXYTOYHOH aTTeCcTallnu.

[Mokazarenem BiajeHHs MarepHajoM CIYXXHT YMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCH IO TEMaM
IHUCHHIUINHEL.

BaxHo 10OWTHCS MMOHMMaHUS M3ydaeMOro MaTepuala, a He MEXaHH4YECKOro ero 3armoMmuHaHus. [lpu
3aTPYNHCHUN W3Y4YEHUS OTIEIbHBIX TEM, BOIPOCOB, CIEAyeT oOpamiarhCs 3a KOHCYJIbTAIHSIMHU
MPETIoIaBaTeINo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: SnepHble pU3MKA U TEXHOJIOTHH

npopuJib NOArOTOBKHU: Snepuas duzuka, YTC 1 KOMITBIOTEpHBIE METOJIBI B (PU3UKE
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

YK-1 CriocoGeH ocyecTBIsATh KpUTHUECKUN
aHaJn3 TpOOJIEeMHBIX CUTyalluii HA OCHOBE
CHCTEMHOTO TI0/IX0/1a, BhIpadaThIBaTh
CTpaTeruro AecTBui

VYK-1.1 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

VK-1.2 OcymecTBiser MOWCK BapUaHTOB  PELICHUSA
MOCTAaBIICHHONH  TpOOJIEMHON  CHUTyallud Ha  OCHOBE
JOCTYTHBIX UICTOYHUKOB HH(pOpMaH

YK-1.3 PazpabarbiBaet CTpaTeruio TOCTHKEHUS

MOCTABICHHON IIEIW KaK IIOCJIeNOBaTCIbHOCTh IITaroB,
MpenBUIA PE3ylbTaT KakIOT0 W3 HUX W OLEHHWBAas HX
BJIMSHUE HA  BHEIIHEE  OKPYKEHHUE  IIAHHUPYEeMOM
JESTENbHOCTH W Ha B3aUMOOTHOIIEHHUS yYaCTHUKOB 3TOM
JIeATCIbHOCTH

OIIK-1 Cnocoben (hopMynupoBarh eI U
3aj1a4M MCCIICAOBAHNUS, BEIOUPATh KPUTCPUH
OLICHKH, BBISIBIISITH IPHOPUTETHI PELICHHS 3a/1a4

OIIK-1.1 NmeeT npeacTaBieHre 0 COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUM B pPaMKax TeMaTW4yeckoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-1.3 BnaazmeeT CHCTEMAaTHYECKHMMHU 3HAHMSIMH IO
HATPaBJICHUIO JCSITEIbHOCTH; YIITyOJICHHBIMUA 3HAHUSIMH 10
BBIOPAaHHOW  HANpaBIEHHOCTH IOJATOTOBKH, 0a30BBIMU
HaBBIKAMHU MPOBEACHUSI HAYYHO- MCCIIEIOBATENILCKUX PaboT
10 IPEAJIOKEHHON TeME

OIIK-2 CriocobeH npuMeHSTh COBPEMEHHbBIE
METO/Ibl HCCIICIOBAHUS, OLIEHUBATh U
MPECTABISATH PE3YIBTAThl BHIIIOJTHEHHOM
paboThI

OIIK-2.2 Cmocoben 00001maTe ¥ KPUTHYECKH OIEHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBAHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-2.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpAThH CIIOCOO
MPOBEICHUS] HAYYHOTO MCCIISIOBAHMS, IIPUMEHSTh 3HAHUS B
obyacti MPOo(eCCUOHANBHON JEeATENBHOCTH ISl PEIICHUS
MOCTABICHHOM 3amaud, (opMyTUpOBaHUS BBHIBOAOB U
OLICHKU IOJTyYCHHBIX PE3yJIbTaTOB

[IK-1 Crioco0eH K cO3AaHUI0 TEOPETUIECKUX U
MareMaTH4ecKuX Mojielieli B 001acTy sIepHOH
(U3UKH U TEXHOJIOTUH

[IK-1.1 3HaeT ¢pu3nveckoe OMUCaHKE SBICHUA U MPOIECCOB
B 00J1aCTH SIEPHOH (PU3MKH U TEXHOJIOTHIA

[IK-1.2 Ymeet co3/1aBaTh TEOPETUYECKHUE u
MareMaTH4ecKue MOJIeNId B OONacTH sAepHON (UBHKH |
TEXHOJIOT U1

[K-1.3 Brnameer HaBbIKamMu pabOTHI C COBPEMEHHBIMU
PacyeTHBIMH [IPOTPAMMHBIMHU CPEICTBAMHU

[IK-2 T'0oTOB pUMEHSTh METO/IbI HCCIIETOBAHUS
U pacyeTa MpoLeccoB, IPOUCXOASIINX B
COBPEMEHHBIX (PU3NYECKHUX YCTAaHOBKAX U
yCTpoiicTBax B 001aCTH sIIEPHOH pU3HKH U
TEXHOJIOTUHI

[TK-2.1 3HaeT METOABI HUCCIENOBAHUS U pacueTa IMPOIecCOB,
MPOUCXOMANINX B COBPEMEHHBIX (DU3MUYECKUX yCTAaHOBKAX W
YCTPOKCTBAX B OOJIACTH SACPHON (PU3UKU U TEXHOJIOTUN

[IK-2.2 Ymeer paccuuThiBaTh U IPOBOAUTH HCCIETOBAHUS
MPOLIECCOB, MPOTEKAIOIINX B COBPEMEHHBIX (PH3HUECKUX
YCTaHOBKaX W YCTPOWCTBaxX B OOJACTH siIepHON (QHU3UKU U
TEXHOJIOTUI

I1IK-2.3 Bmageer HaBbIKAMU HMCIOJIb30BaHUS
WH(POPMAIIMOHHBIX TEXHOJIOTMHA W IAKEeTOB MPHUKIIAIHBIX
MPOTPaMM TIPU MPOSKTHPOBAHUH M PACUETE YCTPONCTB WIH
00beKTOB (YCTAaHOBOK, MarepuajoB, NMpuOOpOB) B CBoOel
MPEIMETHOM 00JIacTH

I1K-3 CiocobeH 00bEKTHBHO OIIEHHUTH
mpeyIaraeMoe peIeHUue Wik MPOeKT O
OTHOIIICHHIO K COBPEMEHHOMY MHUPOBOMY
YPOBHIO, MOATOTOBUTH SKCIIEPTHOE 3aKITIOUCHHE

[IK-3.1 3HaeT coBpeMEHHBI YPOBEHb Pa3BUTHS HAayKH U
TEXHOJIOTUH, MpodecCHOHANbHBIE TMPOOJIeMbl B  CBOEH
MpEeaMETHOM obnacTu

[IK-3.2 YmeeT cOOTHOCHUTH MpeArojaraeMoe pelieHue win
MPOEKT C COBPEMEHHBIM MUPOBBIM YPOBHEM

[IK-3.3 Bnaageer  HaBbIKAMM  JKCHEPTHOM
TpenaraeMbIX penIeHui Wi MPOEKTOB

OLICHKH

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA




B pesynbrare n3ydeHus AMCUUILUIMHBL «MeToAbl AKCIEPUMEHTAIbHOIO M KOMIIBIOTEPHOIO MOJEIMPOBAaHUS
MPOLECCOB MEPEHOCa MPOHUKAIOMINX U3JTyUYEeHUH U IPOTUBOPAANALMOHHON 3alUTHD 00YYarOIUICs JOIKEH:

3HAThb:

- IPUHLUIB U METOAbl KHMHETHYeCcKoil Teopuu bosbliMaHa, NOJIYy4YEeHUs KOI'€PEHTHOIO HU3JIy4EHus,
(u3nyecKue sIBIeHMs, JIeKaIINe B OCHOBE METOIOB IIEPEHOCA T'a30B U U3IYUCHUHN B CIIOKHBIX Cpeiax U
KOMITO3ULIMSIX.

YMeThb:
- YUCJICHHO PEeLIaTh KHHETUYECKOE YPaBHEHUE.

BJIaJeTh:

- METOAaMU KOMIIBIOTEPHOTO MOACIMPOBAHUA Ta30KMHETUYCCKUX ITPOLCCCOB, METOAAMU pa3pa60TK1/I
HpO6J’IeMHO—MO)IeJ'II/Ipy}OH_II/IX Cpca Ha COBPECMCHHBIX CYIICPKOMIIBIOTCPHBIX CUCTCMAX.

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

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_[I/IMI/IC$I yqe6H0r0 Marceprajia InpoOBOAUTCH YCTHBII\/’I OorpocC B
HavaJi€ 3aHsATUA TI0 TCMC ITPOULIOTO 3aHATUA.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

. B3aumonencTeue HEMTPOHOB € BELIECTBOM.

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

. DHEPreTUYECKHIA TTOPOT PEAKIHH

. YIJIOBOE U Y3HEPreTUYECKOE PacupeiesiCHUE PACCEIHHBIX HEUTPOHOB

. BropuuHoe ramma-usnydeHue.

. Panuaninonssiii 3aXxBaT HEUTPOHOB

0 NN N bW~

. 3axBaT HEUTPOHOB O3 00pPa30BaHUS BTOPUIHOTO raMMa- H3ITYICHHS.
9. BzanMonencTBie raMMa-KBaHTOB C BEIIECTBOM.

10. q)OTOZ-)HeKTpI/ILICCKOC MOMIOHICHUC TaMMa-KBAHTOB, COITYTCTBYIOIICC PCHTICHOBCKOC U TOPMO3HOC
H3JIy4YCHUA.

12. KomnToHOBckoe paccesHue (HOTOHOB, HW3MEHEHHE OJHEPTMU W HAINPABICHHUS JIBIKCHHS
(aHM3OTpOMHUA paccesHUs).

13. DddexT obpazoBanus nap, NOPOTroBLIN XapaKTep CEUEHUs], AHHUTWIISIIIOHHOE raMMa-nu3JyyeHHe.
14. BzaumogeiicTBre 3apsHKEHHBIX YaCTHUL] C BEIIECTBOM.

15. Tskenble 3apsHKEHHBIE YACTUIBI, HOHU3AIMOHHBIE IOTEPU YHEPTUH 0-HaCTHII

16. KoadpummeHnTt TopmMoKeHHS BEIIESCTBA.

17. Kpusas bporra.

18. MuTerpanbubiii U nuddepeHInaIbHbIA CIEKTPHI TPOOETOB.

19. DnexTponsl. PanuanronHbie 1 HOHW3ALMOHHBIE TOTEPH YHEPTUN

20. [Tpubnu>keHHbIE COOTHOLICHUS AJISl pacueTa npodera 3apsyKeHHbBIX YacTHIl B BELIECTBE.
21. PemakcanimoHHas MOJA€ENb.

22. Metoap! pemieHus ypaBHeHus audys3uu

23. MeTon qUCKPETHBIX OPIAWHAT Il pELICHHs YPaBHEHUS IIEpEHOCa.

24. Meron MonTte-Kapio.

25. I'pynnoBoe npuOnImKeHne u rpynnoBble KOHCTAHTHI.

[Ipumepsl 3K3aMeHAIMOHHBIX OUJIETOB:
burer 1.

1. KomnitoHOBCKOE paccessHue (pOTOHOB, N3MEHEHUE SHEPTUH M HAIIPABIICHUS ABHKECHUS (AHH30TPOITUS
paccesiHus).

2. Dddexr o6pazoBanus map, MOPOTOBEIA XapaKTep CEUCHHS, aHHUTHIIIIIUOHHOE TaMMa-U3JTy4eHHE.



buner 2.
1 B3aumoneiicTBrE 3apsSKEHHBIX YaCTHI] C BEIIECTBOM.
2. Tspkenble 3apsDKEHHBIE YAaCTHLIbI, HOHU3ALMOHHBIE [T0OTEPU SHEPIUU (i-HACTHULL.

buner 3.
1 Koaddurment TopMorkeHMsI BelecTBa.
2. Kpusas bpoarra.

buner 4.
1. MaTerpanbubiit 1 quddepeHnmnanbHbIi crieKTpbl TPoOeroB.
2. DnexTpoHbl. PasmannonHble 1 MOHU3AIMOHHBIE TIOTEPU YHEPTHH.

Kpurepun onennBanus
Onenka "ommuno" (10 Gaiios) BBICTABIISIETCSI  CTYACHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, [IYyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOJHOE U PaBUIbHOE 0OOCHOBaHHE
HNPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABIISIETCSI  CTY[AEHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
HNPUMEHATh X Ha NPAaKTHKE MPU PEIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka "ormnmmuno" (8 0amioB) BBICTABJISIETCSl  CTYIEHTY, ITOKa3aBIIEMy BCECTOPOHHMUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HA MPAKTUKE NPU PELICHUH KOHKPETHBIX 3ajlad, NPaBMIIBHOE 00OCHOBAHHE MPUHATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0aiioB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHuall, TPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTH MOJyYECHHBIC 3HAHHWS Ha NPAKTUKE, HO HEJOCTaTOYHO
IrpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.
Onenka "xopomo" (6 6anoB) BBICTABIAETCS CTYIEHTY, €CIIM OH TBEPAO 3HAET MarepHall, TpaMOTHO U
[0 CYLIECTBY M3JaracT €ro, yMeeT NMPUMEHATh MOJYYCHHbIC 3HAHMS HAa NPAKTHUKE, HO JOIYCKAaeT B
OTBETE WJIH B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 0ayuioB) BBICTAaBISETCS CTYACHTY, €CIM OH B OCHOBHOM 3HAET MaTepuall,
IPaMOTHO ¥ IO CYIIECTBY M3JIaraeT €ro, yMeeT NPHMEHITh IOJyYeHHbIE 3HAHMS Ha IPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUH 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynoBneTBopUTenbHO" (4 Oama) BBICTABISETCS CTYAEHTY, IOKa3zaBlIeMy (parMEHTApHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyIIEHUs JIOTHYECKOW MOCIIeIOBATEIILHOCTH B M3JIOKEHUH IPOTPAMMHOTO Marepuaia, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3ieibl y4eOHOM MmporpaMmsbl, HEOOXOAUMBIE JUIS JalbHEHIIero o0y4deHus, u
MOJKET IPUMEHSTH MOJTy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka "ynosierBoputenbHo" (3 Oayia) BBICTABISIETCS CTYACHTY, MOKa3aBIIeMy (parMEHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemMy OmHOKH B (POpMyIHpOBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TIOCIEeI0BAaTeIbHOCTH B H3JIOKEHHHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW MporpaMmbl, HEOOXOANMBIMHE JUTS JaJIbHEHIIero o0ydeHus U
C TPYZIOM IIPUMEHSET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeymoBneTBopuTenbHO" (2 0Oajuia) BBICTABISIETCA CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COZEPXKaHMS Y4e€OHOM HporpaMmbl TUCHUIUIMHBI, JOIMYyCKaeT rpyOble OMMOKH B
(hopMyIIMpOBKax OCHOBHBIX NPHUHIMUIIOB H HE YMEET HCIIOJIb30BaTh MOMyUYEeHHBIC 3HAHUS MIPHU PELICHUU
THUIIOBBIX 33/a4.
Omnenka "HeynosierBoputenbHO" (1 0aymr) BbICTaBISETCS CTYJACHTY, KOTOPBIA HE 3HAET OCHOBHOTO
cozep)kaHusl y4eOHOH MporpaMMbl IUCLUILTUHBI, JOIMycKaeT rpyOeiimne omuOKd B (HOPMYTUPOBKAX
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuasbl, onpeaesonue Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH



[Ipu mpoBeneHUM olleHWBaHMS 3HaHWK OOydYaroIIeMycs MPEJOCTaBIsIeTCS BpeMsl Ha IMOJITOTOBKY Ha
yCMOTpeHue 3Kk3aMeHaropa. Ompoc oOyuwatomierocs mo OWJIETY HE JOJDKEH MPEBBINIATh OIHOTO
acTpoHOMHYecKoro 4yaca. OlleHHBaHHWE 3HAHUM NPOU3BOIUTCS B COOTBETCTBHU C BBIIIEYKa3aHHBIMU
KPUTEPUSIMHU B COOTBETCTBHH C COJEPIKaHNEM JUCIUILINHEL.



