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[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: A.b. BanbkoB, kaHJl. Qu3.-Mar. HayK

[Iporpamma obcyxeHa Ha 3aceqaHnu Kadenpa KBaHTOBBIX HAHOCTPYKTYP, MarepuaiioB u ycrpoucts 23.04.2025



AHHOTANMA
B kypce paccMarpuBarOTCs pa3iU4HbIC ACIEKThl ONTUKHU TBEPIOIO TEJa, BAXKHBIC ISl KOHCTPYUPOBAHUS
ONTUYECKUX HAHOCTPYKTYP M KOJWYECTBEHHOTO TIPOTHO3UPOBAHMS WX OTKIHUKOB. PaccMarpuBaroTcs
OCOOEHHOCTH METAJUTMYECKUX W TOJIYIPOBOIHUKOBEIX CTPYKTYP, COOTBETCTBYIOIIHUE CIEKTPHI OTPaXKEHUS,
MPOMYCKaHUsl, paccesHuss U JToMHUHecHeHIH. OOCyXJaroTcs TPUHIUIBI, Ha OCHOBE KOTOPBIX
(hyHKITMOHHPYIOT COOTBETCTBYIOIIHNE CEHCOPHI, TeHEPaTOPHI U JIETEKTOPHI.

B ¢wunane xypca cryneHTaM npeuiaraloTes 3a/1a4d, PEIeHns] KOTOPBIX pa30UparoTcsi Ha CEMUHApaXx. 3aHATHS
npoBOIATCS B UepHOToJI0BKEe, HA TEPPUTOPUU HAYKOEMKOW KOMITaHMH PaMMUKC, BBITYyCKAIOIIEH ONTHYECKUE
MPHOOPHL.

1. lean u 3apa4un

]_le.]'ll) JAUCHUIIINHBI

Llenpto aucrmmummHbl «ONTHKa HAHOCTPYKTYp» sBisieTcs (opmupoBaHHe O0a30BBIX 3HAHUHM IO
CHEKTPOCKOIIMM  TNOJIYIPOBOJHUKOBBIX M  METAUIMYECKHX HAHOCTPYKTYp s JaJbHEHIIEro
UCTIONB30BaHUsI B (DU3UKE KOHJCHCHUPOBAHHOIO COCTOSIHUS W JAPYTMX CMEXKHBIX  JUCLUILIMHAX
€CTECTBEHHOHAYYHOTO colepkaHus; (popMupoBaHHe Kpyrozopa B (PU3UKE HHU3KOPA3MEPHBIX CHCTEM,
HCCIIEIOBATEIbCKUX HABBIKOB M CIIOCOOHOCTH MPUMEHSATh 3HAHUS Ha NIPAKTHUKE.

3agauu AUCHUILIHHBI

— (dopmupoBanune y oOyuaromuxcsi 0a30BBIX 3HAHUK MO (U3WKE HU3KOPA3MEPHBIX 3JIEKTPOHHBIX
CHCTEM;

- (bOpMI/IpOBaHI/Ie 0a30BEIX 3HAHUH 10 ONTHYECCKUM METOAAM HMCCIICOAOBaHUA CBOICTB HaHOCTPYKTYP,

— (hopMHpOBaHNE YMEHUH M HaBBIKOB MPUMEHSTH MOMYyUYESHHBIC 3HAHUS JJIS PELICHUs 3a1a4 B (u3nke
HAaHOCTPYKTYp U  B3aUMOJCHCTBUM CBE€Ta C OJIEKTPOHHOW IIOACHCTEMOM  TBEPABIX TEM,
CaMOCTOATENIBHOIO aHAJIN3a NOJIYUYEHHBIX PE3yJIbTaToB.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsTh KpUTHIECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE
CHUCTEMHOTO TI0/IX0/1a, BBIpadaThIBaTh
CTpaTeruro AecTBUi

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYaIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEKIY HUMH

OIIK-1.1 3HaeT W CcOOCOOCH  HCIOJB30BaTh B
mpoeCCUOHANBHON  JesATeNbHOCTH  (yHAaMeHTalbHbIC

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4HbIC 3HaHUS B 00JacTy (PU3NKO-MaTEeMaTHIECKUX HayK

Hay4YHbIX 3HaHUH B o0acTu

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00JacTH
(u3HMKO-MaTeMaTHYECKUX HAyK

MaTeMaTuKl M (U3MKH M CHOCOOEH WX NPUMEHSTh NpU
peleHny 3a1a4 MpoQecCuoHaNbHON e TeTbHOCTH

IIK-1.1 CrocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH

[IK-1 CnocoGen ctaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThl

nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
paMKax TeMaTH4YeCKOW 00JIacTH CBOEH MpodeccHoHaNbHON
AeSATEeIBHOCTH

IMK-1.3 CrocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAIbHBIE METOJIbI HCCIIEIOBAHUI K KOHKPETHOM
HAyyHON 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUHUILTHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:




— OCHOBHBIE OTpeieNIeHUs (PU3NKH KOHJICHCUPOBAHHOTO COCTOSIHYS;

— XapaKkTepUCTUKHU HHEPreTHUECKOTo CIEeKTpa HOCHUTENeH B CHCTeMaX pa3InyHOW pPa3MEpPHOCTH
(3,2,1,0), 3aK0oHBI AUCTIEPCUH FIEKTPOHOB B TOTYTPOBOAHUKOBEIX HAHOCTPYKTYpaxX Pa3IuYHOTO THIIA,
— TaMWJIBTOHMAH B3aWMOJACHCTBUSA 3JIEKTPOMArHUTHOM BOJHBI C 3JIEKTPOHHOM CHUCTEMOM, BBIBOJ
COOTHOUIECHUH JJIs1 BEPOSITHOCTU MEK30HHOTO M MEKIOJ30HHBIX ONTUYECKUX MEPEXOA0B JIECKTPOHOB B
KpHUCTaJUIax, MpaBuiia 0TO0Opa JJIsl TAKUX ITEPEXOI0B;

— MPUHUUIIBEI ONTHYECKOW OPUEHTALUU CIIMHOB HOCUTENIEH B TOTYIPOBOAHUKOBBIX CTPYKTYpPaX;

— IUCTIEPCHOHHBIE COOTHOIICHUS U TTapaMeTPhl CBSI3aHHBIX COCTOSHUM Ui SKCUTOHOB Banbe-MoTtTa B
MOy IPOBOTHUKAX, TIPEJICTABIICHUE 00 SKCUTOHHBIX TOISPUTOHAX;

— HJIEI W OTIMYUTEIbHBIE CBOWCTBA OCHOBHBIX OINTHYECKHX METOJIMK — (HOTOTFOMHHECIICHITHH,
HEYIPYroro pacCesHus CBETa, CIIEKTPOCKOIUHU MOIVIOIICHHUS;

— OCHOBHBIE COOTHOIIEHUS TEOPUH MU 7151 TOBEPXHOCTHBIX PE30HAHCOB METAJIMUECKHUX HaHOUACTHI],
MEXaHU3M YCUJICHUSIPAMaHOBCKOTO PACCESHUS CBETa HA METAJUNIMYECKUX HAHOYACTULIAX;

— OCHOBHBIE METO/IbI HCCIIEAOBAHUA MOTYyTPOBOJHUKOBBIX KBAHTOBBIX TOUYEK.

YMETb:

— pelarb OJHOYACTHYHBIC 33Jaud 00 HHEPreTUUYECKOM CIIEKTPE 3JIEKTPOHOB B HHU3KOPAa3MEPHBIX
cucTeMax;

— BBIBOJUTH 3aKOHBI TUCIIEPCUM KBA3WYACTHI] B IEPUOJUYECKUX CBEPXPEUIETKAX;

— BBIBOJUTH AHAIUTHYECKUE BBIPAXKCHUS IUI JUANIEKTPUYECKOW (PYyHKIMH MOTYHPOBOTHUKOBBIX
KPHUCTAJUIOB B O0JIACTH MEX30HHBIX M MEXKITOI30HHBIX [IEPEXO/IOB;

— aHAJM3UPOBATh MOBEICHUE KO3(D(HUIIMEHTa ONTHYECKOTOOITIOMIEHHS B OKPECTHOCTH OCOOBIX TOYEK
JHEPreTHYECKOTO CIEKTPA MEKTPOHHBIX 30H;

— BBIYMCIATH [OPOr ONTUYECKOIO IODIOILEHUS [Vl IOJIYIPOBOJHUKOBBIX HAHOCTPYKTYpP Ppa3HOU
Pa3MEpHOCTH B 3aBUCUMOCTH OT OCHOBHBIX 30HHBIX IIapaMETPOB;

— BBIBOAWTH COOTHOIIEHHS Ul KO PUIMEHTA TOBEPXHOCTHOTO YCHIICHHS PAMAaHOBCKOTO PACCEsTHUS
Ha cpepuUeCcKNX METAIUIMYECKUX HAHOYACTHUIIAX.

BJIAJIETh:

— MAarcMaTU4CCKUM anrapaTomMm KBAaHTOBOM MEXaHUKU QJICKTPOHOB B KPUCTAJINIMIYCCKUX CTPYKTYpax,
- MaTEMATUYCCKUM alIaparoM 3JICKTPOAUHAMUKU.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 PasmepHoe kBaHTOBaHME 4 4 6
) OnTuueckue nepexonpl MeXay 30HaMHU U 4 4 6
MOJ30HAMU
3 CBs3b ONTUYECKUX KOHCTAHT C 30HHBIMHU 4 4 6
rapaMeTpaMu IOoIyIpOBOAHUKA
4 OKCUTOHBI U MarHUTO3KCUTOHBI 3 3 6
5 OKCUTOHHBIE TIOJISIPUTOHBI 3 3 6
@OTOIOMUHECLIEHIIUS
6 MOJTYTIPOBOJHHUKOB. [IpuHUIHMITEL 4 4 6
OIITUYECKOM OpHUEHTALUU CIIMHOB
HocuTenel. Heympyroe paccesiHue cBera.
7 OnTvuyeckue pe30HAHCHBIE CBOWCTBA 4 4 6
METAJJIMYECKUX HAHOYaCTHUIL
] OnTtuueckue  METOIbl  UCCIENOBAaHUS 4 4 3
KBaHTOBBIX TOUEK
Hroro yacos 30 30 45




[TonroToBka K 3K3aMeHy 30 gac.

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

4.2.

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

Cemectp: 1 (Ocennuii)

1. PazMepHOE KBAaHTOBaHUE

Kommno3uTtHble MOTynpoBOJHUKOBBIE MaTepHaibl. I'erepoctpykTypsl. I'eteponepexonsr [ u Il pona.
KsanrtoBast sima. KBanroBbiii Oapbep. KBanroBas mpoBonoka. KBanToBas Touka. Cepxpelierka.
HuzkopasmepHbie 3J1eKTpOHHBIE U ABIPOYHBbIE cucTeMbl. YpaBHeHue LlpenuHrepa B mpuOIMKeHUU
s dexTHBHON Macchl. bioxoBckasi BoiHOBas QyHKIMs dnektpoHa. [panudnoe ycnosue bacrtapia.
PasmepHoe kBaHTOBaHME »HepreTHueckoro crnekrpa. [lom3oHa pa3mepHOro KBaHTOBaHHs. MeTon
MaTpul] IepeHoca. OHEPreTHYECKUN CIEKTp 3JIEKTPOHOB B IEPUOAUYECKON CBEpXpeEIIETKE.
HopmanbHeie © coneHOMAaNbHBIE JIEKTPOMATHUTHBIE TMOJII B ONTHYECKHUX CBEpPXpEIIETKaX.
IloBepXxHOCTHBIE MOJIIPUTOHBI.

2. OnTryeckue nepexoabl MeX1y 30HAMH U TTOJJ30HAMHU

[110THOCTP 3JHEPreTHYeCKUX COCTOSIHUH HOCUTENIeH B CHUCTEMax pa3jiMyHOW pPa3MEpHOCTH.
l'amunberoHMaH B3aMMOACUCTBUSA CBETA C IEKTPOHHON CUCTEMOW. BEepoATHOCTh nepexoia MIEKTpOHA
MEXIy COCTOSHHUSIMH TIOA JACWUCTBHEM CBETa. 3aKOHbl COXpaHEHHs W NpaBuja oTOOpa mpHu
ONTUYECKMX MEX30HHBIX U BHYTPU30HHBIX II€PEX0/aX 3JIEKTPOHOB B IOJIyIPOBOIHUKOBBIX
Kpuctauiax. KoMIuiekcHas AuaneKkTpruueckas NpoHunaeMocTb. CBa3b KO3 QUIEHTa SKCTUHKIIH C
TIOJIHOM BEpOsITHOCTHIO onTHYecKuX nepexofoB. CootHomenus Kpamepca-Kponura.

3. CBsA3b ONTUYECKUX KOHCTAHT C 30HHBIMM [TapaMeTpaMu IOIyIIPOBOAHUKA

JUronsHO paspelieHHble U 3alpelieHHble ONTHYecKue mnepexonsl. CBA3b MONHON BEPOSITHOCTH
OIITHYECKOTO NMEPexoAa ¢ KOMOMHUPOBAHHON IUIOTHOCTBIO COCTOSHHUM. AHAJIUTHYECKOE MOBEICHUE
ONTUYECKUX KOHCTAHT BOJIM3M OCOOBIX TOUEK IHEPTETHUECKOTO CIEKTpa AeKTpoHOB. OcobeHHOCTH
Ban-XoBa. Touku MHHMMyMa, MakCMMyma W cenjioBbleé TOUKH. CBsI3b CHIEKTpa MEX30HHOTO H
MEKIIOI30HHOTO MOIIOIIEHUSI C OCOOCHHOCTSIMH 30HHOH CTPYKTYpBI MOMyNpoBonHUKA. [lepexonsr
MEXly MUHU30HaMU B CBEpXpEILIETKaX.

4. DKCUTOHBI 1 MATHUTOIKCUTOHEI

OkcutoHbl Banbe-MotTta. O0beMHBIE, IByMEPHBIE U KBAa3UBYMEpPHBIC SKCUTOHBI. BOpoBCcKuil paanyc
TPEXMEPHBIX U IBYMEPHBIX IKCUTOHOB. DHEPIUs CBA3U U AUCHEPCUS IKCUTOHOB. DKCUTOHHBIN BKJIA]
B CIIEKTp MEX30HHOIO NOMIOIIEHUS MOMYNPOBOJHUKA. MAarHUTOIKCUTOHBI. J[MaMarHUTHBINA CHBUT
SHEPIMHM 3KCUTOHOB. JlMaMarHUTHBIE 3KCUTOHBI. OHEpPrus CBA3M JAMAMAarHUTHBIX SKCUTOHOB.
OkcuToHHBIE 3()(EKTHl B CIIEKTpax OTPa)kKeHUs W npomyckaHus. OTpakeHue cBeTa OT OJUHOYHOM
KBAaHTOBOH SIMBbI BOJIM3M SKCUTOHHOTO PE30HAHCA.

5. DKCUTOHHBIE NOJIIPUTOHbI

KoHuenust 5KCUTOHHBIX HOISIPUTOHOB. DKCUTOHHBIE IIOJISIPUTOHBI B CTPYKTYpax € MEPUOANYECKUM
HabOpOM KBaHTOBBIX sIM. bparrosckue 3epkana. KBaHToBeie MUKpOpe3oHaTopsl. Jucnepcus GoToHOB
B KBAaHTOBOM MHKpope3oHaTtope. Yacrtora Pabu 11 S9KCHUTOHHBIX MOJSPUTOHOB. 3aKOH JHCIICPCUH
JIBYMEPHBIX 3KCUTOHHBIX TMOJISIpUTOHOB. IIpencraBnenue o bo3e-DHHIITEHHOBCKON KOHIEHCALUU
JBYMEPHBIX 3KCUTOHHBIX NOJIIPUTOHOB.

6. DOTOIIOMMHECLEHIMs] IONYyIPOBOAHUKOB. IIpUMHLMIIEI ONTHYECKOW OpUEHTAlMU CIUHOB
HocuTenel. Heympyroe paccesiHue cBera.



[IpencraBneHne O CIEKTPOCKOMMHU (POTOMOMHMHECIICHIIMM TBEPABIX Tel. [IpHHIUMBI ONTHYeCKON
OpUEHTALMU CIOUHOB CBOOOJHBIX HOCHTEJCH B MOJMYNPOBOJHMKAX. MaTpuUuHbIe OMNEpaToOpb
BO3MYLIEHHUs LUPKYJISIPHO IOJSIPU30BAHHBIM CBETOM I MEXK3OHHBIX OINTHYECKHUX IIEPEXOZOB.
VYpaBHEHUS! KHMHETUKU JUISI CTAllMOHAPHOTO (POTOBO3OYX AECHUSI CIIMHOBBIX IOACUCTEM HOCHUTEINICH.
CreneHp CHMHOBOHM mossipu3anyu. BpeMs >KM3HHM OpPUEHTHUPOBAHHOTO CHHMHA (POTORIEKTPOHA.
CranuoHapHblii U HecTauuoHApHbIH 3¢dekt Xanne. IloHsATHE O HEympyrom paccessHUM CBeETA.
3aKoHBl COXpaHEHMsl B Ipoliecce paccesHus cera. OCLWIIATOPHAs MOJENb PAcCEesiHUsI CBETA.
JIBoliHOW onTHuYecKui pe3oHaHC. M3yueHne 3akoHa OUCIIEPCHM KBa3H4aCTHI METOJOM HEYIpPyroro
paccesiHus CBeTa.

7. Ontuueckue PC30HAHCHBIC CBOMCTBA METAIUIMYSCKUX HAHOUYACTHI]

Heympyroe paccessHne cBera Ha MONEKYIApHBIX KoneOanusx. Denomenonorus 3ddexra
MOBEPXHOCTHO-YCHJIEHHOTO pamaHoBckoro paccesnus (SERS). Pesonancsl Mu. DieKTpoMarHUTHBIH
u xumuueckuid mexanu3mbl ycunenus SERS. Dddexrsr dopmer u pasmepa. JlokannzoBaHHEIE
MOBEPXHOCTHBIE IUIa3MOHBL. CBs3b YCHJICHUS ONIDKHEro TIIONIsi C TapaMeTpaMH MeTallia.
[Ipumenenus SERS.

8. OnTuueckne MCTOAbI UCCJIICIJOBAaHUA KBAHTOBBIX TOYCK

Pa3zmepHOe KBaHTOBaHHUE IEKTPOHHBIX U (POHOHHBIX BO30YKICHMI KBAaHTOBBIX Todek. [lomomenue
cBeTa U (POTOTIOMUHECLICHIUS KBAHTOBBIX TOYEK.

OnTuyeckue MCTOAbI UCCJIICOOBAaHUA aHcamOJjeli KBAaHTOBBIX TOYEK. 3KCHepI/IMCHTaHBHBIC MCTOIUKH
HCCIICAOBAHHUA OJHWMHOYHBIX KBAHTOBBIX TOYCK. HpI/IMeHeHI/ISI KBAaHTOBBIX TOYCK. CHGKTpaJ'ILHLIe
MAapKEPhbl Ha KBAHTOBLIX TOYKAX.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIEeHHS 00pa30BaTEILHOTO
npouecca 1no JUCUUILInHE (MOIYJII0)

VYueGHast aymuTOpHs, OCHALLICHHAS! MYJIETHMEAHAIIPOECKTOPOM U SKPAHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:

1. Ontuueckue cBoiictBa HaHOCTPYKTYp / JI. E. BopoObes [u np.] ; mox obw. pea. B. U. Unbuna, A. 5.
[luxka. - CI16.: Hayka, 2001

JlononHuTeNbHAS TUTEpATypa
Jluteparypa Bolgaercs Ha 6a30BoH Kadenpe:

1. Ontuka HaHOCTPYKTYp / ox pea. A.B. @enoposa. - CII0.: «Henpa», 2005

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

https://mipt.ru/education/chairs/kvantovye-nanostruktury-materialy-i-ustroystva/obrazovanie/optika-na
nostruktur.php

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCuMILIMHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

He npenycmotpeHsL.

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



Crynent, usyyatomuii Kypc «OnTuKa HaHOCTPYKTYp», HOJKEH C OJHOM CTOPOHBI, OBJaleTh OOLIMM
MOHATHHHBIM aIapaToM, a ¢ APYroi CTOPOHBI, JOJKEH HAYYUTHCS IPUMEHITh TEOPETHUSCKUE 3HAHUS
Ha MPaKTHUKE.

B pesynbrare u3ydeHUs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HAaTh OCHOBHBIC OINpenelieHHs (U3UKU
TBEpPIOrO Tela, IMOHATUS W METOAMKH ONTHYECKOW CIEKTPOCKOIMHU, CIOCOOBI BBIYMCICHUS
HHEPreTHYEeCKOro CIEKTpa pa3MEepHO-KBAHTOBAHHBIX COCTOSIHUH B HAHOCTPYKTypax pa3IMYHOM
pasmepHocTH, ypaBHeHus Lllpenunrepa asisi 31€KTpOHa B MEPHOIMYECKOM IOTEHIMAJIE KpUCTaUla U
ero MOIU(UKAILUIO B MPUCYTCTBUH 3JIEKTPOMATHUTHOTO BO3MYILCHHUS; YMETh UCCIIEIOBATh MIOBEICHHE
OCHOBHBIX ONTHYECKHX XaPAKTEPUCTHK MOIYNPOBOAHHUKOB BOJHM3U OCOOBIX TOUEK SHEPreTUYECKOTO
CIIEKTpa DJIEKTPOHOB, yYMETh OLICHMBATh ONPENENAIONINE JHEpreTHYecKHe IMapaMeTpsl 3axad o0
JNEKTPOHAX M OKCHTOHOB B HAHOCTPYKTYpaX B NPUCYTCTBUU BHEIIHHX TIOJICH,  TPUMEHSTH
MOJTy4€HHbIE 3HAHMA U PEIIeHHs Pa3IMYHbIX 3a1ad B O0JACTH CIEKTPOCKONHMM HAaHOPAa3MEPHBIX
00BEKTOB.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENbHOM paboThl cTyleHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAIbHO HEoOXomuMoe Bpemsl [uis paldoThl CTyleHTa HaJ TEMOH.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHHUE U KOHCIIEKTUPOBaHNE PEKOMEH/I0BAHHOM JINTEPATYPBI;

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
MOATOTOBKY OTBETOB HAa BONPOCHI, IPEIHA3HAUYEHHBIX M CAaMOCTOSTEIBHOTO  M3Y4EHUs,
JIOKa3aTeJIbCTBO OTACIBHBIX YTBEPKICHUH, CBOMCTB;

— peleHue 3a1a4, npeaiaraéMbIX CTYICHTaM Ha JISKIUAX U MPaAKTHISCKUX 3aHATHSIX;

— MOJATOTOBKY K NMPaKTHYECKUM 3aHATHIM, KOJJIOKBHYMaM, SK3aMeHY.

PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTOl CTygeHTa ocyuiecTBisieTcss B (opme
WHIMBUyaJ bHBIX KOHCYJIBTALIUH.

[TokazareneM BIaJeHUsI MaTepUaIOM CIYXKHT YMEHHE pemarh 3amadd. s ¢popMupoBaHUS YMEHUS
INPUMEHATh TEOPETHUYECKHE 3HAHHS Ha MPAKTHKE CTYJCHTY HEOOXOIMMO pelarh Kak MOXHO OoJbIe
3agay. [Ipu pemenun 3a1a4 Kaxaoe 1eHCTBHE HEOOXOANMO apTyMEHTUPOBATh, CChUIAsACH HA U3BECTHHIC
TEOPETUYECKUE CBEICHUS. 3HAYUTEIFHO OOJIETYUTh PELICHUE 3a/1a4l MOXKET MpeBapUTENIbHAs OI[CHKA
OCHOBHBIX SHEPTeTUYECKUX MapaMeTPOB paccMaTpUBaeMOi HAHOCTPYKTYPBI MIIM APYTOTO MaTepuaa, a
TaKXKe PeIIeHHe 3a7a4yd B HYJIEBOM M IEPBOM IOPSIKaX TEOPHH BO3MYILEHHMH /ISl OLIEHKH MaciuTaba
a¢dexTa 1 11esecoo0pa3sHOCTH yueTa MajlbIX MONPAaBOK IS OTBETA.

ITpy moAroToBKEe K MPAKTHYECKHM 3aHATHAM HEOOXOIMMO IIOBTOPSTH paHee M3y4YEeHHBIE OCHOBHBIE
omnpeneneHusi, GOpMyIHPOBKH TeopeM. B Hauaine 3aHsATHs, KaKk MpaBWio, poBoAauTcs KopoTkuil (10
MHHYT) ONpOC IO MaTepuaiy MpOLIeNINX 3aHATUH B YCTHOH ¢opme. OOBIMHO MPUIECPKUBAIOTCS
CIIEAYIOUICH CXEMBl: W3yueHHE MaTephalia JICKIMM IO KOHCIEKTY B TOT K€ JEHb, Korma Obuia
npociymana nekius (10-15 MuHYT); TOBTOpeHHE Marepualia HakaHyHe cienyromeit jexun (10-15
MHUHYT), IpopadoTka y4yeOHOro Marepuasa 1o KOHCIEKTaM JICKIUH, Y4eOHOH U HaydHOH JInTeparype,
MOATOTOBKA OTBETOB HA BONPOCHI, IMPEAHA3HAYECHHBIX JUII CaMOCTosATeNbHOro u3ydeHus (1 uac
HE/EeNI0), TOATOTOBKAa K MPaKTHYECKOMY 3aHATHIO, pemeHue 3amad (1 dac). Baxno noOuthest
MOHUMAaHUs M3y4aeMOoro Marepuana, a He MEXaHMYEeCKOro ero 3arnoMuHanus. llpm 3arpynHeHun
W3y4YEHUs] OTACIBHBIX TEM, BOIIPOCOB, CIEAYET OOpamaThCsi 3a KOHCYJIBTALMSMU K JIGKTOPY WU
npuOETHYTH K OoJiee IeTalbHON MpopaboTKe CrennaIn3npOBAHHON HAYYHOH JTUTEPaTypHI.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa KBAaHTOBBIX HAHOCTPYKTYP, MaTEpHAIIOB H yCTPOUCTB

Kypc: 1

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

PaszpatGoTunk: A.b. BaHbKoB, KaH]I. U3.-MaT. HAyK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH ocymecTBIsATh KpUTHUECKUN
aHaJn3 NpOoOJIEeMHBIX CUTyalluii Ha OCHOBE
CHCTEMHOTO TTOJIX0/1a, BEIPAOaThIBATh
CTPATEruIo0 NEUCTBUN

VYK-1.1 Ananuzupyet npoOIeMHYI0 CUTYAIHIO KaK CUCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

OIIK-1 Bnaneer cuctemoii pyHIaMeHTaIbHBIX
Hay4YHbIX 3HaHUH B o0acTu
(u3HMKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeT ®W  CcOOCOOCH  HCIOJB30BaTh B
npoeCCUOHANBHON  JesTeNbHOCTH  (yHIaMeHTallbHbIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAyK

OIIK-1.3 [NoHnMaeT MeXIUCIUILTUHAPHBIC CBSI3U B 00NacTH
MaTeMaTuKd M (U3MKH M CHOCOOEH WX NPUMEHSTh NpHU
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBaTh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCIJIEA0BATh MaTEMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3YyJIbTaThI

IIK-1.1 CrocobeH HaxXomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAaHHN B
pamMKax TeMaTHYeCKOW 00yacTH cBoell mpodeccrnoHambHON
IEITEILHOCTH

IMK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus AucuuIuinHbl «ONTHKA HAHOCTPYKTYP » 00yYaromnnCs TOJKEH:

3HAThb:

— OCHOBHBIC Onpe/iesieHHs GU3NKH KOHASHCUPOBAHHOTO COCTOSHHUS;

— XapaKTepUCTHKH HSHEPreTUYECKOro CIIEKTpa HOCHUTENEeH B CUCTEMax pas3JIMYHOH pa3MEepHOCTH
(3,2,1,0), 3akoHBI AUCTIEPCUH JIEKTPOHOB B MOJYNPOBOAHUKOBBIX HAHOCTPYKTYpaX Pa3IUvYHOTO THIIA;
— TaMWIBTOHWAH B3aUMOICHCTBUSL DIIEKTPOMATHUTHON BOJHBI C JJIEKTPOHHOH CHCTEMOMW, BBIBOA
COOTHOIIEHHH ISl BEPOATHOCTH MEK30HHOTO U MEKIOI30HHBIX ONTHYECKHX IEPEXOJI0B IEKTPOHOB B
KpHUCTaJUIax, paBuiia 0TOOpa AJIsl TAKUX IIEPEXOI0B;

— NIPUHIMIIBI ONITHYECKOI OPUEHTAIIMN CIIMHOB HOCUTENEH B MOJIYIIPOBOIHUKOBBIX CTPYKTYPaX;

— IMCIIEPCUOHHBIE COOTHOILICHHS U MapaMeTPhl CBA3aHHBIX COCTOSHUH AJIsl SKCUTOHOB BaHnbe-MotTa B
MOJTYIPOBOJHUKAX, TIPEICTABICHNE 00 SIKCUTOHHBIX MOJISIPUTOHAX;

— HICI0 M OTIMYUTENbHBIE CBOWCTBA OCHOBHBIX OINTHYECKHX METOAUK — (OTOIIOMHHECLECHIINH,
HEYNPYroro paccesHus CBETa, CIIEKTPOCKOIMH MOTIOLICHUS;

— OCHOBHBIE COOTHOLLIEHHS TEOPUU MU AJ1s1 HOBEPXHOCTHBIX PE30HAHCOB METAJLTMYECKUX HAHOYACTHII,
MEXaHN3M YCHJICHHUPaMaHOBCKOTO PAacCEsHUs CBETa Ha METAJUINYECKUX HAaHOYACTUIIAX;

— OCHOBHBIE METObI HCCIIEIOBAHNUS TOITYIPOBOAHUKOBBIX KBAHTOBBIX TOYEK.

yMeTh:

— peulaTb OAHOYACTHYHBIC 3a7a4d 00 SHEPreTHYECKOM CIIEKTPE JIEKTPOHOB B HU3KOPAa3MEPHBIX

CHCTEMaXx;

— BbBIBOAUTH 3aKOHBI I[I/ICHepCI/Iﬁ KBa3znvacCTull B ICPUOANICCKHUX CBEPXPCIICTKAX,

— BBIBOJAUTH AHAJIUTUUYCCKUC BbIPAKCHUA JIA ,Z[HZ-)J'ICKTpPI‘leCKOﬁ (bYHKI_H/II/I IMOJIYITPOBOAHUKOBBIX
KpUCTAJJIOB B 001aCTH MEKX30HHBIX U MCKIIOA30HHBIX IIEPEXOI0B;

— aHAJIM3UPOBATh NMOBCACHUC KOB(l)(I)I/ILII/IeHTa ONTHUYCCKOTOIIOMIOIICHUA B OKPECTHOCTU 0COOBIX TOYCK
OHEPIrETUYCCKOIO CIICKTPa 3JICKTPOHHBIX 30H;

— BBIUUCJETH IMOPOT OITHUYCCKOr0 MOIIIOMICHUA IS TIOJYIIPOBOAHUKOBBIX HAHOCTPYKTYP pa3H0ﬁ
Pa3MEPHOCTHU B 3aBUCUMOCTU OT OCHOBHBIX 30HHBIX MTApaMETPOB;

— BBIBOJUTH COOTHOLIICHUWA IJIA KOB(I)(i)I/ILII/IeHTa MOBCPXHOCTHOI'O YCUJICHHUA PAMAaHOBCKOI'O PACCCAHUA
Ha C(i)epI/I‘-IeCKI/IX MCTAJNIMYCCKUX HaHOYaCTHUIax.

BJA€Th:

— MaTeMaTUYECKUM alllapaToM KBaHTOBOM MEXaHUKH 3JIEKTPOHOB B KPUCTANIMUECKUX CTPYKTYypax;
- MaTeMaTHYECKUM arIaparoM JIeKTPOJUHAMUKH.

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




1. ChopmynupyiiTe NPUHIMIIEI HHTEPHPETALUU CHEKTPOB JIIOMHHECHEHLUH MOIYIPOBOJHUKOBBIX
KBaHTOBBIX TOYEK.

2. OObsACHHTE MEXaHW3M YCHJCHUS PAMaHOBCKUX CIIEKTPOB TOBEPXHOCTBIO  IUIA3MOHHBIX
HaHOCTPYKTYD.

3. OxapaxrepusyiTe SKCUTOHHBIE 3((EKTHI B CIIEKTPAaX OTPAsKCHUS U MIPOITYCKAHUSI.

4. OnumuTe BIMSHUE 3JIEKTPOMAarHUTHOTO BO3MYIICHHS Ha IEKTPOH B MEPHOIUYECKOM MOTEHIHANEe
KpHCTaIa.

5. OxapakrepusyiiTe MeETOJ pacdyeTa KOMOMHUPOBAHHOW IUIOTHOCTH COCTOSIHUM ONTHYECKUX
MIePEXO/I0B.

4. [lepeyens TUNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM [IJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuarouuxcst

Ilepeuens NpUMEPHBIX BOIPOCOB:

1. KomMno3uTHBIE TOTYNPOBOAHUKOBEIE Marepuainsl. IerepoctpykTypsl. I'ereponepexonsl I u II pona.
KsanroBas sima. KBantoBelii Oapbep. KBanToBast npoBosioka. KBanroBas Touka. CBepxpeleTka.

2. KoHuenuusi 5KCUTOHHBIX MOJIIPUTOHOB. DKCUTOHHBIC MOJSIPUTOHBI B CTPYKTYPax ¢ NEPUOJUUECKUM
Ha0OpOM KBaHTOBBIX sIM. bparrosckue 3epkana. KBantoBbsle Mukpope3oHaropsl. Jlucnepcus (GpoTOHOB B
KBaHTOBOM MHMKpPOPE30HATOPE

3. Huskopa3mepHble 3JIeKTPOHHBIE U JBIpOYHBIE cHcTeMbl. YpaBHeHue lllpenunrepa B npuOnmkeHnn
s¢dexTBHON Macchl. bioxoBckas BomHoBas (yHKums snekTpoHa. I'panumunoe ycinoBue bacrapna.
Pa3MepHoe kBaHTOBaHHME YHEPTETUUECKOIO CIIEKTpA.

4. Yactora PaOm nnsi SKCUTOHHBIX TOJSPUTOHOB. 3aKOH JAWCIEPCHUU JIBYMEPHBIX HKCHTOHHBIX
nonsaputoHoB. [lpencrasnenue o boze-DHHIITEHHOBCKOW KOHIEHCAIIMH JBYMEPHBIX SKCHTOHHBIX
MTOJIAPUTOHOB.

5. XapakTEepHCTHKH OJHEPreTHYECKOro CIEKTpa HOCHUTEIEM B CHCTEMax pas3IndyHOW pa3MEpHOCTH
(3,2,1,0), 3akoHBI AUCTIEPCUH IEKTPOHOB B TOJIYIIPOBOAHUKOBBIX HAHOCTPYKTYpaxX Pa3iMdHOTO THIIA.
6. I'aMHUIBTOHMAH B3aUMOJEIHCTBUS 3JEKTPOMArHUTHON BOJHBI C 3JIEKTPOHHOW CUCTEMOMW, BBIBOA
COOTHOILEHUH JUIsl BEPOATHOCTH MEX30HHOIO U MEXIIOJ30HHBIX ONTUYECKUX [IEPEXOJIOB IEKTPOHOB B
KpHUCTaJlIax, paBuiia 0TOopa AJs TAKMX IEePEXOA0B.

7. IlpyHIMIBI ONTHYECKON OPUEHTALN CITMHOB HOCHUTEJIEN B MOIYITPOBOIHHUKOBBIX CTPYKTYpax.

8. JIucriepCMOHHBIE COOTHOIIEHUS U MMapaMeTphl CBA3aHHBIX COCTOSHUM JUIsl 9KCUTOHOB Banbe-MortTa
B IIOJIYIIPOBOJHUKAX,

9. nes m OmIMYMTENbHBIE CBOHCTBA OCHOBHBIX ONTHYECKMX METOIUK — (DOTOIIOMUHECLEHIINH,
HEYTIPYTOTO PACCESIHUS CBETA, CMIEKTPOCKOITNHN MOTIOMIEHUSI.

10. OcHOBHBIE COOTHOLIECHUS TEOpUM MH JUIsl TOBEPXHOCTHBIX PE30HAHCOB METAJUIMYECKUX
HAHOYACTUL], MEXaHU3M YCHIIEHUSIPaMaHOBCKOIO PacCEsIHUSI CBETA Ha METAJIMUECKUX HaHOYaCcTUIaX.

[Mpumeps! OUIETOB:

buner 1.

1. Komno3utHble OTYNPOBOAHUKOBEIE Marepuansl. [ erepoctpykTypsl. [ereponepexonst 1 u Il pona.
KsanroBas sima. KBanrtoBelit Oapbep. KBanToBas npoBosoka. KBantoBas Touka. CBepxpeleTka.

2. KoHuenuus 5KCUTOHHBIX MOJIIPUTOHOB. DKCUTOHHBIE MIOJSIPUTOHBI B CTPYKTYPax ¢ NEPUOJUUECKUM
HabOpOM KBaHTOBBIX sIM. bparrosckue 3epkana. KBantossie Mukpope3oHaropsl. Jucnepeust GoTOHOB B
KBaHTOBOM MUKPOPE30HATOPE

buner 2.

1. Huskopa3mepHbIe 2JIEKTPOHHBIC U JBIPOYHBbIC cHCTeMbl. YpaBHenue lllpenunrepa B mpuOivmkeHHn
s dexTBHONH Macchl. bioxoBckas BomHoBas (yHKmus dnekTpoHa. [panuvnoe ycioBue bacrapna.
Pa3mepHOe KBaHTOBaHHE YHEPTETUUECKOTO CIIEKTPA.

2. Yacrora Pabu 111 SKCUTOHHBIX IIOJSIPUTOHOB. 3aKOH IMCIIEPCHH JIBYMEPHBIX OKCUTOHHBIX
nonsputoHoB. [Ipencrasnenne o bo3e-DUHIITEHHOBCKOH KOHACHCAIMU JBYMEPHBIX JKCHTOHHBIX
HOJISIPUTOHOB.



Kpurepun onennBanus
Onenka "ommuno" (10 Gammos) BBICTABIISIETCSI  CTYJIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Onenka "ortnmuuno" (9 0amioB) BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
MPHUHATHIX PELICHUH.
Onenka "ormnmumuno" (8 0ayioB) BBICTABIISIETCSL  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, IPaBUIbHOE OOOCHOBAHHUE MPUHSATHIX
pELIEHN, ¢ HEKOTOPBIMHU HENOYETAMU.
Onenka "xopomo" (7 0anoB) BBICTABISETCS CTYACHTY, €CIIM OH TBEPAO 3HACT MaTepuai, rPaMOTHO U
[0 CYIIECTBY M3JIaraeT €ro, yMeeT NPHUMEHSTh MOJy4YEeHHbIC 3HAHWS Ha MPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Onenka "xopomio" (6 0anoB) BBICTABISETCS CTYACHTY, €CIIU OH TBEPIO 3HAET MaTepuai, rPaMOTHO U
M0 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHSTHh MOJyYeHHbIC 3HAHHWS HA NPAKTHUKE, HO JIOMYCKAaeT B
OTBETE WM B PEIICHUH 337124 HEKOTOPbIE HETOYHOCTH.
Onenka "xopomo" (5 OammoB) BBICTABISIETCS CTYAEHTY, €CIM OH B OCHOBHOM 3HAeT Marepual,
IPaMOTHO M MO CYIIECTBY H3JaraeT €ro, yMeeT HMPUMEHATh MOJY4YECHHbIC 3HAHUs Ha IMPAKTHKE, HO
JIOITyCKAeT B OTBETE WM B PELICHUHU 3aa4 JOCTATOYHO OOJIbIIOE KOJTUYECTBO HETOYHOCTEH.
Onenka "ynosneTBopuTedabHO" (4 Oana) BBICTABISIETCA CTYIEHTY, IOKa3aBHIEMY (parMeHTapHBIMH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOMJI OCHOBHBIE pa3zieibl yueOHOW HMporpamMMbl, HEOOXOJUMBIE IS JalbHEHIero ooyueHus, 1
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
Onenka "ynoBnerBoputensHO" (3 Oajuia) BBICTABISETCS CTYACHTY, [TOKa3aBIIeMy (parMEeHTapHBI,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
Onenka "HeynoBieTBOpUTENbHO" (2 Oamia) BBICTABIISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OoJbLIei
YaCcTH OCHOBHOTO COJEpXaHUS y4eOHOW MporpamMMbl JUCLUIUIMHBL, JOMYyCKaeT rpyOble OmMOKU B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
Onenka "HeynoBierBoputenbHO" (1 6amn) BBICTABISETCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOTO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNINe MPoueIyPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

ITpu mpoBexeHNM OLIEHMBAHUS 3HAHUI O0OydarolmeMycs MpPEIOCTABISIETCS BpeMsl HA IOATOTOBKY Ha
YCMOTpEHUE 3K3aMEHaTopa.
Omnpoc obyuaromierocs o OUJIETy He JOJKEH MPEBBIIIAaTh OHOTO ACTPOHOMHYECKOTO Yaca.

OHGHI/IBaHI/IC 3HAHUH Oponu3BOAUTCA B COOTBCTCTBHUM C BbINICYKA3dHHBIMU KPUTCPpUAMU B
COOTBCTCTBUH C COACPIKAHUEM ANCUHUIUINHBI.



