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10 HANPABJICHHUIO: DNeKTPOHMKA U HAHORJIEKTPOHHKA
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AHHOTANMA
B kypce paccMarpuBarOTCs pa3iUYHBIC ACIEKThl ONTHUKU TBEPAOIrO Tejia, BaKHBIC JJIsi KOHCTPYUPOBAHUS
ONTUYECKUX HAHOCTPYKTYD M KOJIWYECTBEHHOTO TIPOTHO3MPOBAHMS WX OTKIMKOB. PaccMmarpuBaroTcs
OCOOEHHOCTH METAJUTMYECKUX W TOJYIPOBOAHHUKOBEIX CTPYKTYP, COOTBETCTBYIOIIHE CHEKTPHI OTPAKEHUS,
MPOMYyCKaHusl, paccessHUs W JoMuHecleHnnu. OOCYXIAloTCs TNPUHIMIIB, HAa OCHOBE KOTOPBIX
(hyHKITMOHHPYIOT COOTBETCTBYIOIIHNE CEHCOPHI, TeHEPaTOPHI U JIETEKTOPHI.

B ¢unane kypca cTyneHTam npeaiaratoTcs 3aJa4u, peuieHust KOTOPhIX pa30UparoTCcsl Ha CeMUHapax. 3aHsTUs
npoBosATCS B UepHOTONIOBKE, HA TEPPUTOPHH HAYKOEMKOH KOMIIAHWM PaMMUKC, BBITYCKArOIICH ONTHYECKUE
MPHOOPHL.

1. lean u 3apa4un

]_le.]'ll) JAUCHUIIINHBI

Llenpto aucrmmmbbel «ONTHKA HAHOCTPYKTYp» sBiIAeTCS (opMupoBaHHE 0a30BBIX 3HAHUU IO
CHEKTPOCKOIIMM  TOJIYIPOBOJHUKOBBIX M  METAJUIMYECKHX HAHOCTPYKTYp JI1  JAJBHEHIIETO
UCTIONB30BaHUsI B (DU3UKE KOHJICHCHPOBAHHOIO COCTOSHHMSA M JPYTMX CMEKHBIX  AUCIMIUIMHAX
€CTECTBCHHOHAYYHOTO COnIEepKaHMs; (OpMHUPOBaHUE KpPyro3opa B (h)M3MKEe HU3KOPa3MEPHBIX CHCTEM,
HCCIIEIOBATEIbCKUX HABBIKOB M CIIOCOOHOCTH MPUMEHSATh 3HAHUS Ha NIPAKTHUKE.

3agauu AUCHUILIHHBI

— ¢QopmupoBanmne y oOydaromuxcsi 0a30BBIX 3HAHWUU MO (PHU3HKE HU3KOPAa3MEPHBIX AIIECKTPOHHBIX
CHCTEM;

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

— (hopmupoBaHME YMEHUIl U HABBIKOB MPUMEHATH MOIYYECHHBIC 3HAHUS JJIS PEIIeHUs 3a/1a4d B (PU3UKE
HAaHOCTPYKTYp W  B3aUMOJCHCTBMM CBE€Ta C JJEKTPOHHOM TOACHUCTEMOM 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 Cnocob6en ocymiectnsaTh kputnueckuid | YK-1.1 AHanuzupyer npoOieMHYyI0 CUTYaIUI0 KaKk CUCTEMY,
aHaJn3 NpOoOJIEeMHBIX CUTyalluii HA OCHOBE BBISIBJISISL €€ COCTABIISIOLIME U CBSI3U MEKIY HUMH
CHCTEMHOTO TT0JIX0/1a, BEIpAOaThIBATh
CTpaTeruro AecTBUi

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
[1K-1 CrocoGen craButh, GopManr30BbIBaTh U |MHOOPMaIMIO 00 aKTyasbHBIX PE3yJbTaTaX MCCIIEIOBaHUM B
pelars 3a/1a491, B TOM YUCiIe pa3pabarTbiBarh U |PAMKaX TEMAaTHYECKOH 00IacTH CBOEH IpOoQeccCHOHAIbHOM
WCCIIeIOBAaTh MaTEMAaTHYECKUE MOICTH NEeSTENbHOCTH

M3y4acMbIX SBJICHUH U MPOLECCOB, CUCTEMHO  |[TK-1.3 CrocobGeH NPUMEHSATh TEOPETHYECKHE W (WIIH)
AHAIIM3MPOBATh HAYYHBIE IIPOOIEMBI, IIOIYYaTh |3KCIIEPUMEHTAIBHBIE METOIBI MCCIEN0BAHUN K KOHKPETHOM
HOBBIC HAYYHbBIE PE3yIbTaThI HAy4YHOW 3aja4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:



— OCHOBHBIE OTpeieNIeHUs (PU3NKH KOHJICHCUPOBAHHOTO COCTOSIHYS;

— XapaKTepUCTUKH HHEPreTHUECKOTO CIIEKTpa HOCHUTEIEeH B CHUCTEMax pa3lIUYHOM pa3MepHOCTH
(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;

— TUCTIEPCUOHHBIE COOTHOIIEHUS U TTapaMeTPhl CBSI3aHHBIX COCTOSHUN 711 SKCUTOHOB Banne-MotTa B
MOy IPOBOTHUKAX, TIPEJICTABIICHUE 00 SKCUTOHHBIX TOISPUTOHAX;

— WJEI0 W OTIUYUTENIbHBIC CBOWCTBA OCHOBHBIX ONTHYECKUX METONUK — (DOTOIOMUHECIICHIINHY,
HEYIPYroro pacCesHus CBETa, CIIEKTPOCKOIUHU MOIVIOIICHHUS;

— OCHOBHBIE COOTHOIIEHUS TEOPUU MU IJ1s1 MOBEPXHOCTHBIX PE30HAHCOB METAINTNYECKUX HAHOYACTHIIL,
MEXaHU3M YCUJICHUSIPAMaHOBCKOTO PACCESHUS CBETa HA METAJUNIMYECKUX HAHOYACTULIAX;

— OCHOBHBIE METO/IbI HCCIIEAOBAHUA MOTYyTPOBOJHUKOBBIX KBAHTOBBIX TOUYEK.

YMETb:

— peumaTrb OJHOYACTHUYHBIC 3afadd 00 JHEPreTHYECKOM CIIEKTPE 3JIEKTPOHOB B HHM3KOPa3MEPHBIX
cucTeMax;

— BBIBOJUTH 3aKOHBI TUCIIEPCUM KBA3WYACTHI] B IEPUOJUYECKUX CBEPXPEUIETKAX;

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

— aHAJIM3UPOBATh NOBeIeHHE KOA(PdHUIEeHTa ONTHYECKOTONOMIONIEHUSI B OKPECTHOCTH OCOOBIX TOUYEK
JHEPreTHYECKOTO CIEKTPA MEKTPOHHBIX 30H;

— BBIYMCIATH I[IOPOr ONTHYECKOIO IIOIVIOLIEHUS MAJsl IOJIyIPOBOAHUKOBBIX HAHOCTPYKTYp pa3HOU
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 ONTHYECKUX KOHCTAHT C 30HHBIMU 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 OnTuueckue pe30HAHCHBIE CBOWMCTBa 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.
KsanrtoBasi sima. KBantoBwlii Oaprep. KBanToBas mpoposioka. KBantoBas Touka. CBepXxpeleTka.
Huszkopa3zmepHbie 3J€KTpOHHBIE M ABIPOYHBIE cHCTeMbl. YpaBHeHnue Llpenunrepa B mpuOIvMKeHUU
s dexTHBHON Macchl. bioxoBckasi BoJHOBask QyHKIUS JnekTpoHa. ['pannynoe ycinoBue bacrapna.
PasmepHoe kBaHTOBaHHME dSHepreTuueckoro crnekrpa. llog3zoHa pasmepHoro kBaHTtoBaHusA. Merton
MaTpul] IepeHoca. OHEPreTUUYECKUHM CIEKTp OJJIEKTPOHOB B IEPUOJUYECKOW CBEpXpELLETKE.
HopmanbHeie © coneHOMAaNbHBIE JIEKTPOMATHUTHBIE TMOJII B ONTHYECKHUX CBEpPXpEIIETKaX.
IloBepXxHOCTHBIE MOJIIPUTOHBI.

2. OnTryeckue nepexoabl MeX1y 30HAMH U TTOJJ30HAMHU

[I10THOCTP DJHEPreTHYEeCKUX COCTOSIHUH HOCHUTENIEH B CHCTEMax paziIMYHOW Pa3MEPHOCTH.
l'amunbroHMaH B3aMMOACUCTBUS CBETA C MIEKTPOHHOU CUCTEMOW. BeposATHOCTh nepexoza 3JIeKTpoHa
MEXIy COCTOSHHUSIMH TIOJ] JACWCTBHEM CBETAa. 3aKOHBI COXpPAaHEHUS W IpaBwia oTOOpa mpu
ONTUYECKMX MEX30HHBIX U BHYTPHU30HHBIX IIEpEXOAaX JJIEKTPOHOB B IOJIYIPOBOJHUKOBBIX
Kpuctayuiax. KomrsiekcHas quaneKTpuieckas npoHunaeMocTh. CBsi3b k03(h(hUIIMeHTa SKCTUHKIUY C
TIOJIHOM BEpOsITHOCTHIO onTHYecKuX nepexofoB. CootHomenus Kpamepca-Kponura.

3. CBsA3b ONTUYECKUX KOHCTAHT C 30HHBIMM [TapaMeTpaMu IOIyIIPOBOAHUKA

JMronsHO paspelieHHble W 3allpelieHHble ONTHYecKHe mnepexonbl. CBs3b IMOJTHOW BEPOSTHOCTH
OINITHYECKOTO TNepexofa ¢ KOMOMHUPOBAHHOW IJIOTHOCTBIO COCTOSIHUH. AHAJIMTHYECKOE IMOBEICHUE
ONTUYECKUX KOHCTAHT BOJM3HM OCOOBIX TOYEK SHEPreTUUYECKOTO CHEKTpa 3IeKTPoHOB. OcoOeHHOCTH
Ban-XoBa. Touku MHHMMyMa, MakCUMyMa W CeajioBble TOYKH. CBS3b CHEKTpa MEX30HHOTO U
MEKIIOI30HHOTO TOMIOMIEHUS! C 0COOEHHOCTSIMH 30HHOW CTPYKTYpBHl HOMynpoBoaHuKa. llepexombl
MEXly MUHU30HaMU B CBEpXpEILIETKaX.

4. DKCUTOHBI 1 MATHUTOIKCUTOHEI

OkcutoHbl Banbe-MotTta. O0beMHBIC, IByMEpHBIE U KBa3HIByMEPHbIE SKCUTOHBI. bopoBckwii paguyc
TPEXMEPHBIX U IBYMEPHBIX IKCUTOHOB. DHEPIUs CBA3U U AUCHEPCUS IKCUTOHOB. DKCUTOHHBIN BKJIA]
B CIIEKTP MEX30HHOTO IMONIOIIEHHS IMOJYIPOBOIHNKA. MarHMTOAKCUTOHBI. JIMaMarHUTHBIM CIBHAT
SHEPIMHM HKCUTOHOB. JlMaMarHUTHBIE 3KCUTOHbBI. OHEPrusi CBA3M JUAMAarHUTHBIX OSKCHUTOHOB.
OkcuToHHBIE 3()(EKTHl B CIIEKTpax OTPaXeHHs M MpomyckaHus. OTpakeHHe CBETa OT OAWHOYHOMN
KBAaHTOBOH SIMBbI BOJIM3M SKCUTOHHOTO PE30HAHCA.

5. DKCUTOHHBIE NOJIIPUTOHbI

KoHuenust 5KCUTOHHBIX HOJSIPUTOHOB. DKCUTOHHBIE MOJIIPUTOHBI B CTPYKTYpax ¢ INEPUOAUYECKUM
HabOpOM KBaHTOBBIX M. bparrosckue 3epkaina. KsantoBbie Mukpopesonatopsl. Jucnepcus GpoToHOB
B KBAaHTOBOM MHKpope3oHatope. Yactora Pabu aist SKCHTOHHBIX MOJSIPUTOHOB. 3aKOH JHCIIEPCHH
JBYMEPHBIX 3KCUTOHHBIX MOJIAPUTOHOB. llpeacraBienne o boze-DHHIITEHHOBCKONW KOHACHCALUU
JBYMEPHBIX 3KCUTOHHBIX NOJIIPUTOHOB.

6. DOTOIIOMHHECLEHIMS IOTYIPOBOAHUKOB. I[IpMHIMIIBI ONTHYECKOW OpHUEHTAlMM CIIMHOB
HocuTenel. Heympyroe paccesiHue cBera.



[IpencraBneHre O CHEKTPOCKOMMHU (OTONIOMHHECHEHIMH TBEpAbIX Tei. IIpuHIMOBI onTHdyeckon
OpUEHTALMU CHOUHOB CBOOOIHBIX HOCHTEICH B MOJYNPOBOJHHKAX. MaTpHuHbBIe ONEpaTopbl
BO3MYULIEHHUs LUPKYJISPHO IOJSIPU30BAHHBIM CBETOM Ul MEXK3OHHBIX ONTHYECKUX IIEPEXOOB.
VYpaBHEHUS! KHMHETUKU JUISI CTAllMOHAPHOTO (POTOBO3OYX AECHUSI CIIMHOBBIX IOACUCTEM HOCHUTEINICH.
CreneHp CHMHOBOH mossipu3anuu. Bpems XHU3HHM OPHEHTHPOBAHHOTO CIUHA (DOTOIEKTPOHA.
CranuoHapublii 1 HectauunoHapHblil 3ddexkr Xanne. IloHATHE O HEYNPYroM paccesHUU CBETA.
3aKoHBl COXpaHEHMsl B Ipoliecce paccesHus cera. OCLWIIATOPHAs MOJENb PAcCEesiHUsI CBETA.
JIBoliHOW onTHYeCKU pe3oHaHC. M3yueHne 3akoHa TUCIEPCHH KBa3W4aCTHUI] METOJOM HEYIIPYyroro
paccesiHus CBeTa.

7. Ontuueckue PC30HAHCHBIC CBOMCTBA METAIUIMYSCKUX HAHOUYACTHI]

Heympyroe paccessHue cBera Ha MOICKYISIpHBIX KoneOaHusix. @DeHomeHomorus 3ddexra
MOBEPXHOCTHO-YCHJIEHHOTO pamaHoBckoro paccesHus (SERS). Pesonancsl Mu. DiaeKTpOMarHUTHBIH
n xumudecknii Mexanm3mbl ycuieHus SERS. Dddextsr dopmbl u pasmepa. JlokaimzoBaHHEBIE
MOBEPXHOCTHBIC IUIa3MOHBL. CBSI3p YCHJICHHS OMIDKHETO TIOJISI C TapamMeTpaMd MeTaia.
[Ipumenenus SERS.

8. OnTuueckne MCTOAbI UCCJIICIJOBAaHUA KBAHTOBBIX TOYCK

Pa3zmepHOe KBaHTOBaHHUE HIIEKTPOHHBIX M (POHOHHBIX BO30YXK/IE€HHH KBAaHTOBBIX Touek. [loromenue
cBeTa U (POTOTIOMUHECLICHIUS KBAHTOBBIX TOYEK.

OnTHyeckrue METObl UCCIIEJOBaHUSI aHCaMOJIe KBAHTOBBIX TOUEK. DKCIIEPUMEHTAIbHBIE METOAUKH
WCCJICIOBAaHUS OJUHOYHBIX KBAHTOBBIX To4eK. [IprMmeHeHHs] KBaHTOBBIX To4eK. CIeKTpajbHBIC
MapKepbl Ha KBAHTOBBIX TOUKaX.

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

1. ®usuka nmoynpoBomHUKOB [TekcT] : yued. mocobue mis By30B / B. JI. boru-bpyesuy, C. I.
KanamankoB .— M. : Hayka, 1990 .— 688 c.

2. Teopernueckas ¢usuka [Tekcr] : 8 10 T. T. 3 : KBantoBas mexanuka. HepenstuBucTckas Teopus :
yue0. mocobue s By3oB / JI. JI. Jlannay, E. M. Jludumn ; mox pex. JI. I1. [TutaeBckoro .— 5-¢ u3-.,
crepeotun. — M. : ®uzmatnut, 2004, 2002 .— 808 c.

3. Teopetnueckas ¢pusuka [Teker] : B 10 T. T. 5, Y. 1 : Craructrueckas ¢pusuka : yueod. mocodue s
ya-toB / JI. /1. Jlanmay, E. M. JIndmmu ; noxg pen. JI. I1. IluraeBckoro .— 5-e u3a., crepeotun. — M. :
®uzmarnut, 2001, 2002, 2005, 2010 .— 616 c.

4. Teopernueckas ¢puznka [Texcr] : B 10 T. T. 8 : DnekTponnHamMuKa CIUIONIHBIX cpej : yued. mocodue
st ya-ToB / JI. 1. Jlanmay, E. M. JIudmmi .— M. : Hayka, 1992, 2001, 2003, 2005 .— 662 c.

5. Teopernueckas ¢pusuka [Teker] : B 10 T. T. 9, Y. 2 : Craructuueckas ¢puzuka. Teopus
KOHJICHCHPOBAHHOTO COCTOSIHUS : y4e0. mocooue s By3oB / JI. JI. Jlanmay, E. M. JIudmmn .— M. :
®usmatiut, 2000-2005 .— 496 c.

6. Onruueckue coiictBa HaHOCTPYKTYp [Tekcr] / JI. E. BopoObeB [u ap.] ; mox o6mr. pex. B. U.
Wnbuna, A. . [luka - CI16.Hayxa,2001

JomnonHurenbpHas auTeparypa
1. «Onrtuka HaHoCTpyKTyp» 1ox pea. A.B. @enoposa, CI16 «Henpa», 2005t

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

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



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha nekimoHHBIX 3aHATHIX UCIIONB3YIOTCS MYIBTUMEIUIHBIE TEXHOIOTUH, BKIIOUasl AEMOHCTPALHIO
npe3eHTanuii. B mpouecce camoctosTenbHOM paboTh 00yUYarOIMXCs BO3MOYKHO HCIOIb30BAaHNE TaKHEX
MpOrpaMMHBIX CpeAcTB, kak Mathcad, Scilab u ap. lns nucTaHIMOHHOTO B3aMMOIEHCTBHS CTYIEHTOB C
IpernojiaBaTesIeM UCIONb3yeTCs cepBUC google.meet.com

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

Crynent, uzyvarommii Kypc «OnTrka HaHOCTPYKTYpP», JOJDKEH C OAHOHM CTOPOHBI, OBJaleTh OOLINM
MOHATUHHBIM alIapaToM, a ¢ APYroil CTOPOHBI, JOJIKEH HAYYUTHCS IPUMEHSITh TEOPETUUECKHUE 3HAHUS
HAa MPaKTHKE.

B pesynbrare u3ydeHus AWUCHMIUIMHBI CTYACHT JOJDKEH 3HATh OCHOBHBIE OIPEICTCHUS (HU3UKH
TBEpPIOrO TeNa, IMOHATHS W METOAMKH OINTHYECKOW CIEKTPOCKONNH, CHOCOOBI BBIYMCICHHUS
JHEPreTUYECKOro CIEKTpPa pa3MEpHO-KBAaHTOBAHHBIX COCTOSHUM B HAHOCTPYKTYypax pa3iuMyHOH
pasMepHoCTH, ypaBHeHus lllpenuHrepa nns 3I€KTpOHA B MEPUOIUYECKOM IOTEHIMANE KpUCTaia U
ero MOIU(UKALUIO B IPUCYTCTBUH AJIEKTPOMArHUTHOTO BO3MYILEHHS; YMETh MCCIIEI0BATh MTOBEACHHUE
OCHOBHBIX ONTHYECKHX XapaKTEPUCTHK MOJIYMPOBOJHUKOB BOIU3U OCOOBIX TOYEK IHEPTETHUECKOTO
CIIEKTpa 3JIEKTPOHOB, yMETh OLICHMBATh OIPEACIAIONINE SHEPreTHUeCKHue IapaMmerpbl 3amad o0
JJIEKTPOHAX M OHKCHUTOHOB B HAHOCTPYKTYpax B NPUCYTCTBUU BHEIIHMX TOJEH,  NPHUMEHSTH
MOJTyY€HHbIE 3HAHMSA JUIS PEIICHUs PAa3IMYHBIX 33/ad B OOJIACTH CIEKTPOCKONHH HAHOPa3MEPHBIX
00BEKTOB.

VYeneniHoe 0cBOoeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIbHO HeoOXoauMoe BpeMs s paboThl CTyOeHTa HajJ TEMOH.
CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHME U KOHCIIEKTHPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy yueOHOro marepuaia (10 KOHCIIEKTaM JIeKIHUH, y4eOHOW W Hay4yHOW JHUTeparype),
[IOJTOTOBKY OTBETOB Ha BOIPOCHL, IPEIHA3HAUEHHBIX M CaMOCTOSTEIbHOIO H3yuYeHMs,
J0Ka3aTeNbCTBO OTAEIBHBIX YTBEPKACHH, CBOICTB;

— pelieHue 3a/1a4, peAaracMblX CTyIEHTaM Ha JIEKIUAX U MPAKTUUYECKUX 3aHITHAX;

— MOJATOTOBKY K MPaKTHYECKUM 3aHATHIM, KOJJIOKBHYMaM, SK3aMeHY.

PykoBOACTBO ¥ KOHTPOJL 3a CaMOCTOSTENBHOW pabOTON CTy[AeHTa OCYIIECTBISETCS B (dopMme
WHIUBUYAJIbHBIX KOHCYIBTALHH.

[loka3zarenem BiaieHUs MaTepUANOM CIYXXHT yMEHHUE pemiarh 3aaadd. s popMupoBaHUS yMEHHS
INPUMEHATh TEOPETHYECKHE 3HAHUS Ha MPAKTHKE CTYIEHTY HEOOXOIMMO PEelIaTh KaK MOXKHO OoJblie
3agay. [Ipu permenun 3a1a4 Kaxaoe IeHCTBIE HEOOXOAUMO apryMEHTUPOBATh, CChUIAsACH HA U3BECTHHIC
TEOPETUYECKUE CBEJCHUS. 3HAYUTEILHO OOJIEIYUTh PELICHUE 33/1a4l MOXKET TpeIBapUTEIbHAS OLIEHKA
OCHOBHBIX HEPTETHYECKHX MTApaMETPOB pacCMaTpUBAEMOl HAHOCTPYKTYPHI HIIA JPYyTrOro MaTepuana, a
TaKXKe PEeIIeHHE 3a7a4yd B HYJICBOM U NEPBOM HOPSIKaX TEOPHUH BO3MYILEHHH /s OLIEHKH MaciuTada
a¢dexTa 1 11es1ecoo0pa3sHOCTH yueTa MajlbIX MOMPAaBOK IS OTBETA.

[Ipy moAroToBKE K MPAKTUYECKUM 3aHATUSM HEOOXOIMMO IIOBTOPSATH paHEe HM3y4YCHHBIC OCHOBHBIC
ompeaeeHus, GOPMYIHPOBKU TeopeM. B Hawase 3aHsTHS, KaK MPaBHUIO, NPOBOIUTCS KOpoTkui (10
MHHYT) ONpOC [0 MaTepually MPOIISIIINX 3aHATUH B yCcTHOH (opme. OOBIMHO NPHICPKUBAIOTCS
CIIeNyOIIe CXeMbl: M3yYeHHE MaTepHaja JICKIWU II0 KOHCIEKTy B TOT JK€ JIeHb, Korja Oblia
npociymana nekius (10-15 MuHYT); TOBTOpeHHME Marepuajia HakaHyHe cienyromeit jekmun (10-15
MUHYT), IPOPa0dOTKa y4eOHOrO MaTepHaia Mo KOHCIIEKTaM JICKIWH, y9eOHOW U Hay4YHOW JIUTeparype,
HOJrOTOBKA OTBETOB HA BOIPOCHL, NpEJHA3HAYECHHBIX JUIS CaMOCTOsTEelNbHOro wu3ydenus (1 wyac
HEJeNI0), TIOArOTOBKA K IPAaKTUYECKOMY 3aHsATHIO, pemeHue 3anmad (1 wac). BaxnHOo no0uthes
NOHMMAHUSI W3y4aeMOro Marepuajia, a He MEXaHM4YecKkoro ero 3anoMmuHanus. [lpu 3arpynHeHun
W3Y4YCHUS! OTACIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaIiaTrbcs 3a KOHCYNBTAUUSAMH K JIGKTOPY WA
NpHOETHYTH K OoJiee JieTalbHON MpopaboTKe CrennaIn3npOBAHHON HAYYHOH JTUTEPaTypHI.

B kadecTBe OMOIHUTEIBHOM JINTEPATyPhl PEKOMEHIYETCSl U3Y4YUTh CTAThIO:
«Surface enhanced spectroscopy», M. Moskovits, Rev.Mod.Phys. 57 p.783 (1985).



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA
Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTUI: MUKPO- K HAHOZJIEKTPOHUKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku

dusrex-KiIacTep akaJIeMUUeCKOi U HayqHOH Kapbepbl (KBaHTOBbIE HAHOCTPYKTYPHI,
MaTepHabl U YCTpOicTBa)

Kypc: 1
KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: A.b. BanbkoB, kaHa. (pu3.-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 Ananuzupyer npoOIEMHYIO CUTYaIHIO KaK CHCTEMY,
BBISIBJISISL €€ COCTABIISIOLIHE U CBSI3U MEXKIY HUMH

[IK-1 CnocoGen craBuTh, HhOpMann30BHIBATH U
pemIarh 3aJia4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJICIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, TOyYaTh
HOBBIE Hay4YHbIE PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyalbHBIX pe3yJbTaTax HCCIIeJOBaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
IEITEILHOCTH

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajaye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare usydenus AucUUIUIMHBL «ONTHKA HAHOCTPYKTYP » 00yYaromNNCs TOJKEH:

3HAThb:

— OCHOBHBIC Onpe/iesieHHs (U3NKH KOHASHCUPOBAHHOTO COCTOSHHUS;

— XapaKTepUCTHKH HSHEPreTHYECKOro CIIEKTpa HOCHUTEICH B CHUCTEMax pa3IMYHOH pa3MepHOCTU
(3,2,1,0), 3akoHBI AUCTIEPCUH JIEKTPOHOB B MOJYNPOBOAHUKOBBIX HAHOCTPYKTYpaxX Pa3IuvYHOIO THIIA;
— TaMWIBTOHWAH B3aUMOICHUCTBUSL DIIEKTPOMATHUTHON BOJHBI C JJIEKTPOHHOH CHCTEMOMW, BBIBOA
COOTHOIIEHHH ISl BEPOATHOCTH MEK30HHOTO U MEXKIOI30HHBIX ONTHYECKHX IIEPEXOJIOB IIEKTPOHOB B
KpHUCTaJUIax, paBuiia 0TOOpa AJIsl TAKUX IIEPEXOI0B;

— MIPUHIMIIBI ONITHYECKOI OPUEHTAIIMN CIIMHOB HOCUTENEH B MOJIYIIPOBOIHUKOBBIX CTPYKTYPaX;

— IHMCIIEPCUOHHBIE COOTHOLICHHSI M TTapaMETPhl CBA3aHHBIX COCTOSIHUN I 9KCUTOHOB Banbe-MotTa B
MOJTYIPOBOJHUKAX, TIPE/ICTABICHNE 00 SIKCUTOHHBIX MOJISPUTOHAX;

— HICI0 ¥ OTJIMYUTENIbHBIE CBOWCTBA OCHOBHBIX ONTHYECKHUX METONUK — (DOTOIOMUHECICHIINH,
HEYNPYToro paccesHus CBETa, CIIEKTPOCKOIMH MOTIOLICHUS;

— OCHOBHBIE COOTHOILIECHUS TEOPUU MH U1 MOBEPXHOCTHBIX PE30HAHCOB METAJNTMYECKUX HAHOYACTHIL,
MEXaHN3M YCHJICHHUPaMaHOBCKOTO PAacCEsHUs CBETa Ha METAJUIMYECKUX HAaHOUACTUIIAX;

— OCHOBHBIE METObI HCCIIEIOBAHMUS TOITYIPOBOAHUKOBBIX KBAHTOBBIX TOYEK.

yMeTh:

— pemiath OJHOYACTHUYHBIC 3aJadd 00 HHEPreTH4YEeCKOM CHEKTpE SJIEKTPOHOB B HHU3KOPA3MEPHBIX

CHCTEMaXx;

— BbBIBOAUTDH 3aKOHBI I[I/ICHepCI/Iﬁ KBa3zn4acCTull B ICPUOANICCKUX CBEPXPCIICTKAX,

— BBIBOJAUTH AHAJIUTUUYCCKUC BbIPAKCHUA JIA ,Z[HZ-)J'ICKTpPI‘leCKOﬁ (bYHKI_H/II/I IMOJIYIIPOBOAHUKOBBIX
KpUCTAJJIOB B 001aCTH MEK30HHBIX U MCKIIOA30HHBIX IIEPEXOI0B;

— aHAJIM3UPOBATh TOBCACHUC KOB(I)(l)I/ILII/IeHTa ONTUYCCKOTOIMOMIOIICHUA B OKPECCTHOCTH 0COOBIX TOYEK
OHEPICTUYCCKOI'O CIICKTPa 3JICKTPOHHBIX 30H;

— BBIHUCIEATH HNOPOT ONTHYCCKOTO IMOITIOMICHUA [UISA IMOJYHIPOBOAHUKOBBIX HAHOCTPYKTYP pa3H0ﬁ
Pa3MEPHOCTHU B 3aBUCUMOCTU OT OCHOBHBIX 30HHBIX MTAapaMETPOB;

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

BJIAA€Th:

— MaTeMaTUYECKUM allapaToM KBaHTOBOM MEXaHUKH 3JIEKTPOHOB B KPUCTAINIMUECKUX CTPYKTYypax;
- MaTeMaTHYECKUM armaparoM JIeKTPOJUHAMUKH.

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

1. C(l)OpMy.]'II/Ipyi/,ITe OPUHOUIIBI HHTCPIIPETALUN CIICKTPOB JIFOMUHCCIHCHINUN TTOJYIIPOBOJHUKOBBIX

KBAaHTOBBIX TOYEK.
2. OObscuure
HAHOCTPYKTYP.

MCXaHU3M YCHJICHHA PaMaHOBCKHX

CIICKTPOB  IMOBEPXHOCTHIO  IIA3MOHHBIX

3. OxapakrepusyiTe SKCUTOHHBIE 3()()EKThI B CLIEKTPaX OTPAKEHUS U IPOITYCKAHUSL.




4. OnumuTe BIUSHHE QJICKTPOMArHuTHOIO BO3MYILICHHS Ha 3JICKTPOH B NEPHUOANYCCKOM IMOTCHIMUAJIC
Kpucrauia.

5. OxapakrepusyiiTe MeTOI pacyera KOMOMHHMPOBAHHOW IUIOTHOCTH COCTOSHHH ONTHYECKHX
MIePEXO/I0B.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

[Tpumepsl KOHTPOIBEHBIX BOIIPOCOB:

1. B yem cocrout npuHnun pabotsl bparroBckux 3epkan?

2. Kak cMermiaercs miia3MOHHAsE 9acTOTa MPH 3aMEHE HAHOCTPYKTYPBI M3 30JI0Ta Ha aHAJIOTHYHYIO M3
cepebpa?

3. Ha kauecTBEHHOM YPOBHE IOSICHUTE OTJIMYHUS CIIEKTPa MOMVIOIICHUS YacTull Au-s1apo/Ag-000modka
OT CIIEKTPOB YaCTHII U3 HHAUBUAYAIbHBIX AU 1 Ag.

4, OT KakuX TapaMeTpPOB IMOIYHPOBOJHUKOBOW HAHOCTPYKTYpPHl 3aBUCHUT IIMPHUHA IOJIOCHI
JIFOMHAHECLICHIIAN?

5. KakoBbl TpeOOBaHMS K T'€OMETPHHM METAJUIMYECKUX HAHOCTPYKTYpP IJISl YCHJICHHS PaMaHOBCKOTO
CUTHaJIa TOBEPXHOCTHIO?

[Ipumepsl 3K3aMEHALMOHHBIX OUJIETOB:

burer 1.

1. Komno3uTHbIE NOTYNPOBOAHUKOBEIE Marepuansl. IerepocTpykTypsl. I'ereponepexonsl 1 u II pona.
KsanroBas sima. KBantoBelii Oapbep. KBanToBast npoBosioka. KBanrosas Touka. CBepXxpeleTka.

2. KoHnenuust 5KCUTOHHBIX MOJSAPUTOHOB. DKCUTOHHBIE MOJIIPUTOHBI B CTPYKTYpax ¢ MEPUOAMYECKUM
Ha0OpOM KBaHTOBBIX sIM. bparrosckue 3epkana. KBantoBeie Mukpopesonaropsl. [lucnepcust poToHOB B
KBaHTOBOM MHMKpPOPE30HATOpE

burer 2.

1. Huskopa3zmepHbIe 2JIE€KTPOHHBIE U ABIpOYHbIe cHcTeMbl. YpaBHeHue lllpenunrepa B nmpuOimkeHnn
s¢dexTBHON Macchl. broxoBckas BonHOBasg (yHKIMS 35eKTpoHa. ['paHndnoe ycinoBue bacrapaa.
Pa3MepHoe kBaHTOBaHHME SHEPTETUUECKOIO CIIEKTpaA.

2. Yactrora PaOu pmnsi 3KCUTOHHBIX TOJSAPUTOHOB. 3aKOH IUCIEPCHH ABYMEPHBIX 3KCUTOHHBIX
nonsaputoHoB. [lpencraBnenune o bo3e-DHHINTEHHOBCKOM KOHIIEHCAIMU JIBYMEPHBIX 3KCHUTOHHBIX
MTOJIAPUTOHOB.

burer 3.

1. XapakTepHCTHKH JHEPreTHYECKOro CIIEKTpa HOCHUTENEH B CHCTEMax pazIu4yHON pPasMEPHOCTH
(3,2,1,0), 3akoHBI AUCTIEPCUH IEKTPOHOB B TOIYIIPOBOAHUKOBBIX HAHOCTPYKTYpaxX pa3iMdHOTO THIIA.
2. Il'amunprOHMAH B3aMMOJEHCTBUS JIEKTPOMAarHUTHONW BOJHBI C JJIEKTPOHHOM CHCTEMOM, BBIBOJ
COOTHOILEHUH JUIsl BEPOATHOCTU MEXK30HHOIO U MEXIIOJ30HHBIX ONTUYECKUX IIEPEXOJIOB IEKTPOHOB B
KpHUCTaJlIax, paBuiia 0TOOpa AJs TAKKX IEePEXOA0B.

burer 4.

1. IlprHIUIBI ONITHYECKOW OPUEHTALIMU CIIMHOB HOCUTEJIEH B MOTYIIPOBOJHUKOBBIX CTPYKTYypax.

2. lucniepcroOHHBIE COOTHOLIEHHS U MapaMeTphl CBA3aHHBIX COCTOSHHUN U1 DKCUTOHOB BaHbe-MotTa
B TIOJIyTIPOBOJHUKAX, PECTAaBIEHNE 00 SKCUTOHHBIX MOJSIPUTOHAX.

buner 5.

1. nes M omIMYMTENbHbIE CBOMCTBA OCHOBHBIX ONTHYECKMX METOIUK — (DOTOIIOMUHECLEHIINH,
HEYTIPYTOTO PACCESIHUS CBETA, CIEKTPOCKOINHU MOTIOMIEHUSI.

2. OCHOBHBIE COOTHOLICHUS TEOpPUM MuU [N TOBEPXHOCTHBIX PE30HAHCOB METAJUTUYECKHUX
HAHOYACTUL], MEXaHU3M YCUIICHUSIPaMaHOBCKOIO PacCEsIHUsI CBETa Ha METAJIMUECKUX HaHOYacTULaX.

Kpurepun onennBanus
Onenka "ommunao" (10 OGaiios) BBICTABIISIETCSI  CTYJCHTY, I[IOKa3aBIIEMYy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEOHOW WPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHATh UX Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.



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 3K3aMeHaropa. Ompoc oOyuaromierocs mo OuiIeTy Ha YCTHOM 3K3aMEHE HE JIOJKEH
MIPEBBINIATH OAHOTO aCTpOHOMUYECKOro yaca. OIlleHMBaHME 3HAHHM MPOU3BOIUTCSA B COOTBETCTBUHU C
BBIIIEYKAa3aHHBIMU KPUTEPUSAMHU B COOTBETCTBUU C COAEPKAHUEM TUCLUIUIMHEI.



