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AHHOTANMA

Kypc "HanosnexktponHsle ycTpolcTBa" npenycMaTpuBaeT OCBOCHUE CTyACHTaMH (pyHIaMEHTaIbHBIX 3HAHUI
B 00JIaCTH JIEKTPOHHBIX U 3JIEKTPOHHO-ONTHYECKUX CBOWCTB HAHOCTPYKTYP, U3y4Y€HHE CHOCOOOB CO3IaHMSA
HAHOJIEKTPOHHBIX YCTPOMCTB M METONOB HMX HCCICAOBAaHMS, a Takke o0NacTedl HX MPaKTUYECKOTO
[IPUMEHEHMUSL.

3amaun Kypca:

* (QopmupoBaHre 6a30BBIX 3HAHHW B 007acCTH (PU3UKU TBEPIOTO TelNa, KaK AMCHHUILTHHBI, HHTETPUPYIOIICH
obnreu3nueckyro u OOIIETEOPETHUYECKYIO MOJATOTOBKY (M3WKOB W 00ECIEeUMBAIONICH TEXHOJIOTHUYECKUE
OCHOBBI COBPEMEHHBIX HHHOBALIMOHHBIX C(ep NeTeTbHOCTH;

* o0ydeHHe CTYIEHTOB NPUHIMIIAM CO3JaHMsI HAHOIEKTPOHHBIX YCTPOMCTB, BBIBICHHE OCOOCHHOCTEH MX
(bYHKIIMOHATIBHBIX XapaKTEPUCTHK B CPABHEHUU C MUKPO3JIEKTPOHHBIMU YCTPOHCTBAMUY;

*  (dopMHpOBaHHE TOAXOAOB K BBINOJIHEHHMIO HCCIEIOBAaHMN CTyACHTaAaMH B OOJACTH HAHOIEKTPOHHUKU B
paMKax BBIITYCKHBIX paboT Ha CTENEHb MarucTpa.

Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT NOJIKCH 3HATh!:
COBpPCMCHHBIC HpO6J'IeMLI n 3aJa4Y4 B o0macTu (1)H3I/IKI/I TBép,I[OFO TCJa,
MMPUHIUIIBI CO3JaHUA HAHOIJICKTPOHHBIX YCTpOI\/’ICTB;

0COOCHHOCTH (PYHKIMOHAJIBHBIX XapaKTEPUCTUK HAHOJJICKTPOHHBIX YCTPOHCTB B CPaBHEHUH C
MUKPOJIEKTPOHHBIMU YCTPOHCTBAMU;

MOCTaHOBKY MPOOTeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aMMOCBS35X M (DyHIaMEHTAIbHOM EIMHCTBE €CTECTBEHHBIX HAYK.

OcHOBHOE cofiepKaHHe Kypca U3JI0KEHO B CIEIYIOLINX pajesax:

. Me3ockonnyeckas (pu3MKa 1 HAHOTEXHOJIOTHH

. IlnanapHas moIynpOBOAHUKOBASI TEXHOJIOTHS - IOCTHM)KEHHS U OTPAHUYEHHS
. O0opynoBaHue A1t UCCIEIOBAaHUN B HAHO- U MUKPOJIEKTPOHUKE

. MosnekynsipHasi 3JIEKTpOHUKA

. HaHOCTpYKTpupOBaHHBIE 3JIEKTPOHHO-ONITHUECKUE CPEIbI

. PazmepHsbie 2 dexThl B MeTauIax v MOIynpOBOAHUKAX

. MeTone! hopMupOBaHNS HAHONIEKTPOHHBIX CTPYKTYP
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. Or3uKa MOIYIIPOBOIHUKOB C IOHUKEHHON Pa3MEPHOCTHIO

9. ¥YrieponHble HAHOCTPYKTYPbI, UX 3JIEKTPOHHBIE CBOKWCTBA

10. ITosynpoBOHUKOBbIE KBAHTOBBIE HAHOCTPYKTYPHI U IOIYIIPOBOAHUKOBBIE CBEPXPEILETKU
11. IIponieccsl nepeHoca B HAHOCTPYKTYPax B MIEKTPUUECKUX U MarHUTHBIX HOJISAX

12. OnTHyecKue U AMEKTPOONTUYECKHE MTPOLIECCH B KBAHTOBBIX T€TEPOCTPYKTYypax

13. DnexTpoHHBIE U ONTOAIEKTPOHHBIE YCTPOWCTBA HA OCHOBE HAHOCTPYKTYP

1. lean u 3apa4n

Henp AucoMnInHBI
. OCBOGHHE CTyACHTAaMH (yHIaMEHTAJbHBIX 3HAaHUA B OOJIACTH  OJJNEKTPOHHBIX H
ANEKTPOHHO-ONTUYECKUX CBOMCTB HAaHOCTPYKTYp, M3y4€HHE CHOCOOOB CO3/1aHMS HAHOIICKTPOHHBIX
YCTPOMCTB U METOJIOB MX UCCIICAOBAHMS, a TAKXKE 00JacTel X MPAaKTUYECKOTO MPUMEHEHHS.

3agaum AUCHUILUTHHBI
. ¢dopmupoBaHre 0a30BbIX 3HAHWUK B 007MacTW (U3WKH TBEPAOTO Tella, KaK JUCIUILTUHBI,
HHTErpUpYyIoLei 001mepru3nIecKyIo 1 00IIEeTeOPETUIECKYIO MOATOTOBKY (hU3UKOB 1 oOecreunBalomen
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

. oOydeHHe CTY[ASHTOB TMIPHUHIMIIAM CO3JaHMs HAHOXJIEKTPOHHBIX YCTPONCTB,  BEHISBICHHE
ocoOeHHOCTe UX (YHKIMOHAIBHBIX XapaKTePUCTHK B CPAaBHEHHH C MHUKPOIICKTPOHHBIMH
yCTpOiicTBaMu;

* (¢dopMHpOBaHUE TIOAXOAOB K BBHIIIOJIHEHUIO UCCIICAOBAHUM CTYIEHTAaMH B OOJIACTH HaHOZJIEKTPOHUKH
B paMKax BBIITYCKHBIX Pa0OT Ha CTENEHb MAarucTpa.



2. llepedyens popmMupyemMbIX KOMIETeHUHH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CrocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX pPe3yJIbTarax UCCIeJOBAaHHN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKue MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH SIBICHUH W MIPOLIECCOB, OLICHUBATh KA4eCTBO pa3padOTaHHON
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3MPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (WIH)

HOBBIC HAYTHBIC DE3YJIbTAThI 9KCIIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHNN K KOHKPETHON
HayyHOM 3ajadye W HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI
3HATh!
COBpPEMEHHBIE MPOOIIEMBI U 33/1a4u B 00nacTu GU3HUKU TBEPIOTO Tea;
NPUHIIMITBI CO3AaHUS HAHOAJICKTPOHHBIX YCTPOMCTB;
0COOEHHOCTH (DYHKIIMOHAJIBHBIX XapPAKTEPUCTHK HAHOMIEKTPOHHBIX YCTPOMCTB B CPaBHEHHHU C
MUKPOIJIEKTPOHHBIMU YCTPOWCTBAMH;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €IMHCTBE €CTECTBEHHBIX HayK.
YMETh:
3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHTHI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3aKITIOUCHUSI, 3aKOHBI;
IPE/ICTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM JKCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarhCsl OT HECYLIECTBEHHBIX BIMSHUN NPHU MOJAENHUPOBAHUU PEATBHBIX (PU3MUECKHX
CUTYALIUii;
IUIAHUPOBATh ONTHMAJIEHOE IIPOBEAECHUE IKCIIEPUMEHTA.
BIIAJICTh!
TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
HaBBIKAMH CaMOCTOSTEILHONH paboThl B JIAOOPAaTOPHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJCITHPOBaHHEM (PU3NIECKHX 3a/1ad.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 Me3ockonnueckas ¢$uznka u 4
HAHOTEXHOJIOTUU
[TnanapHas HOJIYTIPOBOJJHUKOBAS
2 TEXHOJIOT U - JOCTUXKEHUS u 4
OrpaHUYEHUS
3 OGopynoBanue JJisi  UCCICOBAHWIA B 4
HaHO— ¥ MHUKPOXJIEKTPOHHKE
4 MonexkymsipHast IeKTPOHUKA 4




5 HanoctpykrpupoBaHHbie 4 15
3IIEKTPOHHO-OIITHYECKHUE CPEIbI
6 Pasmepnbie 3ddexTsl B MeTamiax u 5
MOJTYIPOBOJHHUKAX
7 Mertobt (hopmupoBaHus 4
HAHODJICKTPOHHBIX CTPYKTYP
3 duznka _ TIONYNPOBOJHHKOB c 4
MOHWKEHHOM Pa3MEpHOCTBIO
9 Vrneponusie HaHOCTPYKTYPBI, uxX 6
3JIEKTPOHHBIE CBOHCTBA
[TomynpoBOZHUKOBEIE KBaHTOBBIC
10  |HAHOCTPYKTYpPHI MU TOJYIPOBOIHUKOBBIC 6
CBEPXPELIETKH
1 ITpoueccsl mepeHoca B HAHOCTPYKTypax 6 15
B DJICKTPHYECKUX M MarHUTHBIX TOJISAX
OnTtuyeckue W AIEKTPOONTUYECKHUE
12 |mpouecchl B KBaHTOBBIX 4
reTepPOCTPYKTYypax
13 9JICKT£)OHHBI€ U ONTORJIEKTPOHHBIE 3
YCTpOICTBA HA OCHOBE HAHOCTPYKTYP
Hroro yacos 60 30
IToaroTroBka k sK3aMeHy 0 yac.
Oobmas TpynoEMKOCTb 90 yac., 2 3a4.ex.

4.2. Cogpep:kaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennutit)
1. Me3ockonnueckasi pu3uKa 1 HAHOTEXHOJIOTHH

OcHOBHEBIEC TCHACHLIWU pPAa3BUTHUA HAHO-HU OIITOJJICKTPOHUKH. OCHOBHBIC TIOHSTHS W BEIUYUHEL
HpI/IHI_II/IHBI MMOCTPOCHUA CUCTCM 06pa6OTKI/I CHUI'HAJIOB. KOHCTp}WIpOBaHI/Ie «CBCPXY-BHU3» U «CHU3Y
—BBEPX». KBanToBo-Mexannyeckas KOI€pEHTHOCTD. KBanTOBBIC SIMBI, IIPOBOJIOKH U TOYKU.

2. IInanapHas noJIyIpOBOJHUKOBAsI TEXHOJIOTUS — JOCTHXKEHUS U OTPaHUYEHUS

O030p COBpPEMEHHBIX [OCTHXECHHH B OOJACTHM MHHUATIOPU3ALUU DIIEKTPOHHBIX YCTPOMCTB,
OCHOBHBIX ITPOOJIEM, CBSI3aHHBIX C JAJIBHEHIIMM YMEHBIIEHHEM MX XapaKTEPHBIX Pa3MepoB. 3aaadn
U TIPaKTHYECKHE TPeOOBaHUS, IPEIBSIBIIIEMbIE K MUKPO- U HAHOAJIEKTPOHHBIM YCTPOHCTBaM.

3. O60py,I[OBaHI/Ie JUIA I/ICCJ'IG,I[OBaHI/Iﬁ B HAHO— U MUKPOISJICKTPOHHUKE

ABTOSMUCCHOHHBIE BJICKTPOHHBIE MHKPOCKOIIBI Ha 0a3ze anekTpoHHoH kojmoHHel GEMINIL
JIByny4ueBble MHUKPOCKOIIBI C HOHHOM KOJIOHHOW. HaHOMaHUTydSTOpBL. 30HAOBBIE MHKPOCKOIIBI:
TyHHEJbHbIE, aTOMHO-CHJIOBBIE, ONITUYECKHE MUKPOCKOIBI OJIM)KHETO MOJIsl. BRICOKOUYBCTBUTENBHBIC
MpuOOPHI U3MEPEHUS IMEKTPUIECKUX CBONCTB ceMelicTBa Kethley.

4. MonekynsipHast 3J€KTPOHUKA

MonekyssipHble JOHOPHI W aKIENTOphl 3MeKTpoHOB. Henmuneitnpie BAX u akTHBHBIE 3IE€MEHTHI
MOJIEKYJISPHOHN 3NeKTpOHUKH. Jlornueckue sneMeHTsl. CONUTOHBI B TPAHCIIOIHALIETUIICHE.
MornekynsipHasi maMsATh Ha OCHOBE Oellka OaKTepHOPOAOICHHA. DJIEKTPOHHO-KOH(POPMAIMOHHBIC
nepexonsl. Ilepexrodaromuecss JIEMEHTbl Ha OCHOBE MOJIEKYJ PpOTAaKCcaHa M XUPONTHILIEHA.
3anoMHHaIONINE YCTPOHUCTBA HAa OCHOBE 3(p(heKTa «BBDKUTAHUS MPOBAJIOBY» B CHEKTPAX MOTIOMICHHS
OpPraHUYeCKUX MOJIEKYJ B TBEPAOTEIbHBIX MaTpULIAX.



5. HaHOCTPYKTpHUpPOBaHHBIE 3JIEKTPOHHO-ONITUYECKUE CPEBI

XUMHUYECKHE PpEaKIMOHHO-TU(PPY3UOHHBIE CpeAbl W CpeicTBa OOpabOTKH  WHGOpMAIUH.
HetipocereBas apxutektypa. Cpenbl Tuna benoycoa-XXaborurckoro . PeaknnonHo-1ud ¢y3uoHHBII
MpoIEeccop: OCHOBHBIC MPHHIIUTIBL Oo6pabotka N300pakeHU cpeaamu TUTIA
Benoycopa-XKaborunckoro . PeakimonHo-1uddpy3noHHBIHA Tpoieccop.

CucTteMbl B3aUMOCBS3aHHBIX PEaKIMOHHO-IN((Y3HOHHBIX PEAKTOPOB: PACHO3HAIOLINE YCTPOMCTBA.
[MpuHIIMTIBL 00pa0OTKM MHPOPMAITUN PEAKITUOHHO-IU(PPY3HOHHBIMH YCTPOHCTBAMH.

6. PazmepHbie a3 dexThl B MeTauIaX U MOITYIPOBOAHUKAX

[I11I0THOCTE COCTOSIHMI M Pa3MEPHOCTh CUCTEMBI. [[BH)KEHHE HOCHUTEINICH 3apsiia B JJIEKTPUYECKOM
nosie. bannmuctudeckuil TpaHCHopT HocuTenel 3apspa. IloaBmkHOCTh 3apsinoB. TyHHeIMpoBaHUE
HocuTenel 3apsima. CBoOOmHAs TOBEPXHOCTh W Mek(asHble TpaHUIbl. [lomynpoBOAHUKOBBIE
reTepoCTPyKTYphl. KBaHTOBBIE IPOLECCHI TEPEHOCA.

7. Metoas! GopMHUPOBaHUSI HAHOIIEKTPOHHBIX CTPYKTYP

XUMHYECKOe OCaXICHHE W3 Ta30oBOi (a3bl. MONeKyIspHO-IydeBas OSIUTAKCUS. MeTomsl,
OCHOBaHHBIE Ha HCIOJIb30BAHUM CKaHUPYIOIIUX 30HAOB. POKYyCHPOBAaHHOE HOHHOE TpPAaBJICHUE.
JlokampHOE OKHCIIEHHE METAJUIOB M IIONYNPOBOAHUKOB. JIOKalbHOE XMMHYECKOE OCAaXKICHHE W3
ra3zoBoil ¢aszpl. Hanonmurorpadus. DnekrponHo-nydeBast aurorpadus. [IpopunupoBanue pe3ucToB
CKaHUpyrommMu  30oHmamu.  Hanomewarb.  [leppeBass ~ HaHonmtorpadus.  CamocOopka.
Camoopranmusanusi B 00beMHbIX Marepuanax. CamoopraHuzaiysi mpu snuTakcuu. PopMupoBaHue
KBAaHTOBBIX TOYEK IIOCPEACTBOM CaMOOpPraHW3alMd TpH dSnuTakchu. OcaxIeHHe IUICHOK
JIbarmropa-biomxerT. KOHTaKThI K OTACTBHBIM MOJIEKYJIaM.

8. ®u3MKa MosynpoBOJHUKOB C MOHMKEHHON pa3MepHOCTHIO

OCHOBHBIE XapaKTEPUCTHKU JABYMEPHBIX IIOJIYIPOBOAHUKOBBIX HaHOCTPYKTyp. IIpsmoyronbHas
MOTEHIMaNbHas siMa KoHeuHoW miyOuHbl. [lapabGomuyeckass m TpeyroibHas KBaHTOBBIC SIMBI.
[TapaGonnueckast OTeHIMAIbHAS AMa. TpeyroibHas MoTeHIMANbHas siMa. KBaHTOBBIE MPOBOJIOKH.
KsanrtoBbie Touku. Hampspkensble ciou. BiusiHue HanpsokeHHH Ha BaJCHTHYIO 30HY. 30HHAS
CTPYKTYpa B KBAHTOBBIX sIMaX. DKCUTOHHBIE 3((PEKThI B KBAHTOBBIX SIMaX.

Cemecrtp: 2 (Becennuit)
9. ¥YrieponHbie HAHOCTPYKTYPbI, UX 3JIEKTPOHHBIE CBOKWCTBA

CnocoObl  THOpUAM3AUK aTOMOB yIjiepoja. MHOTOCTEHHBIE U OJHOCTEHHBIC YIJICPOJHBIC
HAHOTPYOKH, (ymnepeHsl W QyJIepeHOBBIE TMOJMMEPHI, HaHOTpaduT, HaHOAIMa3 W aMopQHbIE
aJIMa30M000HbIE TJICHKU, OHUOHBI, YIJIEPOJHBIC U a30T-YIJIEPOHbIC HAHOBIOKHA. ABTO3JIEKTPOHHAS
OMHUCCUSl  YIJICPOAHBIX HAHOCTPYKTYp. IIpHMEHEHHs XOJNOAHBIX HAHOYIIEPOJHBIX KaTOJOB.
Hanoyrnepoanbie ceHCOpbI Ta30B. ['padeHOBBIE HAHOAIEKTPOHHBIE YCTpoicTBa. HaHoyriepoaHbie
OrPaHUYUTENN ONITHYECKON MOLITHOCTH, TIPEPHIBATEIIH.

10. ITosrynpoBOHUKOBbIE KBAHTOBBIE HAHOCTPYKTYPBI U IOIYIIPOBOAHUKOBBIE CBEPXPEILETKU

Crpykrypsl noneBeix MOII-tpansucropoB (MOSFET). T'ereponepexoasl. I'erepomepexonbl ¢
MOZAYJIMPOBAaHHBIM JIETHpoBaHHEM. HampsokeHHble reTepocTpykTypbl Ha ocHoBe SiGe. KBaHTOBBIE
siMbl. MOy TMpOBaHHO-JIETUPOBAHHbBIE KBAHTOBBIE SIMBbl. MHOXECTBEHHbIE KBaHTOBbIE AMbI (MQW).

Konnenuus csepxpenierok. Mozaens cBepxpemerkn Kponura — Ilennn. Pacmennenue 30H.
CBepXxpeleTKH Tuma nipi.

11. Hpoueccm NEpCHOCA B HAHOCTPYKTYpPAX B DJICKTPUYCCKUX U MATHUTHBIX TTOJISAX



[IpononeHeii mepeHoc. MexaHM3MBI pacCestHUA JJIEKTPOHOB. DKCIIEPUMEHTAIbHBIE JaHHBIE 10
pONOJIBHOMY TniepeHocy. IIpoaonpHbBIl mepeHoc ropsuux 21eKTpoHOB. Ilomepeunslid mepeHoc.
PezonancHoe TtyHHenMpoBaHuE. BiMsHHE MONEpPEYHBIX 3NEKTPUUECKUX TIOJE€H Ha CBOWMCTBA
cBepxpeuietok. KBaHTOBBIII mepeHoc B HaHOCTPYKTypax. KsanToBas mpoBoaumocTs. Popmyrna
Jlannayspa. @opmyna Jlammayspa — BroTTukepa ajisi KBaHTOBOTO NEPEHOCAa B MHOTO30HIIOBBIX
cTpykrypax KymonoBckas Grokaza.

BozgeiictBue mMarHuTHOrO mojsi Ha Kpucrasuibl. [loBeneHne cucteM MOHM)KEHHOW Pa3sMEPHOCTH B
MarHUTHBIX MOJSAX. IIIOTHOCTH COCTOSIHME IBYMEpHBIX CHCTEM B MarHUTHBIX MOJSX. Dddekr
AponoBa — boma. Oddexkr IllyonuxkoBa — npe ['aaza. KsantoBelii 3ddexr Xoma.
DKCrepUMEHTaJIbHbIE JaHHBIE M DJIEMEHTapHas TEOpHs LEIOYHCICHHOTO KBaHTOBOTO 3ddekrra
Xomna. IlporskeHHBIE U JIOKAJIM30BaHHbIE COCTOsHUS. Vcmonp30Banue KBaHTOBOTO sddexTa Xosia
B MeTposioruu. JIpoOHbIii KBaHTOBEIN A dekT Xoa.

12. OnTHYecKue U AMEKTPOONTUYECKHE MTPOLIECCH B KBAHTOBBIX T€TEPOCTPYKTYypax

OnTHyeckue CBOWCTBAa KBAaHTOBBIX SIM M CBepxpenieTok. OnTHyeckne XapakTepUCTHKH KBaHTOBBIX
TOYEK ¥ HAHOKPUCTAJUIOB. METObI BHIpAIIMBAaHHUS HAHOKPUCTALIOB. CaMOOpraHn3aIys KBAaHTOBBIX
ToYeK. Dnekrpoontriyeckue 3pdeKTsl B KBaHTOBBIX Toukax. KBaHTOBO-pazmMepHbIi apdexT [llTapka.
Onexrpoontrdeckue 3hhexTsl B cBepxpemerkax. Jlectauipl [ltapka n ocimmuisiiun bioxa.

13. DneKTpoHHBIE U ONTOZJIEKTPOHHBIE YCTPOWCTBA HA OCHOBE HAHOCTPYKTYP

MopynsuuoHnHo-nerupoBanabie nojeBsie Tpanzuctopsl (MODFET ). bunonsipasie TpaH3UCTOPHI Ha
rereponepexofax. Pe3oHaHCHBIA TyHHENbHBIH 3QQexT. TpaH3UCTOpBl Ha TOPSYUX 3IEKTPOHAX.
TpaH3uCTOpBI ¢ PE30HAHCHBIM TyHHEIMpOoBaHUEM. OAHORIEKTPOHHbBIE TPAH3UCTOPHI.

Jlazepsl 11a MOJIyIpOBOAHUKOBBIX IeTeporepexonax. Jlazepbl Ha IOIYIPOBOJHUKOBBIX KBAHTOBBIX
smax. [loBepxHOCTHBIE J1azepsl ¢ BepTUKaNIbHBIM pe3oHaropoM (VCSEL). Jlazepsl Ha HampsKEHHBIX
CTPYKTYypax ¢ KBaHTOBbIMU sIMaMH. Jla3epbl Ha KBAaHTOBBIX TOUKax. POTOAETEKTOPBI HA KBAHTOBBIX
sMax ¥ cBepxpemieTkax. OOTOAETEKTOPHI Ha MOJ30HaX KBAHTOBBIX sIM. JIaBHHHBIE ()OTOAETEKTOPHI
Ha cBepxpeleTkax. MonynsaTopsl Ha KBAaHTOBBIX SIMaXx.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHNS 00pa30BaTEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, IEPCOHATIbHbBIE KOMITBIOTEPBI, MYJIBTUMEANIHOE 000pya0BaHUE (IIPOEKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. Hanoanexkrponuka/. bopucenko B.E., Bopoosesa A.W., YTkuna E.A.., M.: BMUHOM. Jlabopatopus
3Hanui, 2009. — 223 c. : . — (Hanorexuomnorus). ISBN 978-5-94774-914.
2. HanorexHoJorHs B DIIEKTPOHHKE. BBeieHNE B ClIeUAIEHOCTD: Y4eOHOe TTocodue. 2-¢ u3fl., uchp. /
Jlozoeckuit B.H., Konctantunosa I.C., Jlozosckuii C. B., CII0.: U3marenscTtBo «Jlans», 2008. — 336
c: wi. — (YueOHuku ais By30B. CrnienpanbHas aureparypa). ISBN OT8-5-8114-0827-B.
3. HanoTexHonoruu Aiasi MUKpo- ¥ onToasiekTponuku/ Maprunec-/lyaprt .M., Maptun-Ilanma
P.JIx., Arymno-Pyena ®@., Mockga: Texnocdepa, 2007. - 368c. ISBN 978-5-94836-126-0.
4. HanotexHoJ0THM U MOJEKyJsipHbIe KoMmbioTepsl/ PamOounun H.I., M.: DU3MATIIUT, 2007. - 256
c. - ISBN 978-5-9221-0869-0.
5. TBepaorenbHas 3JeKTpoHUKA: Yuel. mocodue - 3-e uzz., gomn./ I'ypros B. A., Mocksa: Texnocgepa
2005. - 512 c. ISBN 978-5-94836-187-1.

JomnonHutensHas auTeparypa



1. Hanosnexkrponuka/. bopucenko B.E., Bopobsesa A.W., YTkuna E.A.., M.: BMUHOM. Jlabopatopus

3Hanui, 2009. — 223 c. : . — (Hanorexuomnorus). ISBN 978-5-94774-914.

2. HanorexHosorusi B dIEKTPOHHKE. BBeieHNE B ClICUAIEHOCTD: Y4eOHOe TTocodue. 2-¢ u3fl., uchp. /

Jlozosckuit B.H., Koncrtantunosa I.C., Jlozosckuii C. B., CII0.: U3marenbctBo «Jlans», 2008. — 336

c: wi. — (YueOHuku ais By30B. CrnienpanbHas aureparypa). ISBN OT8-5-8114-0827-B.

3. HanoTexHonoruu aiast MUKpo- ¥ onToasiekTpoHuky/ Maprunec-/lyaprt [x.M., Maptun-Ilanma

P.JIx., Arymno-Pyena ®@., Mockga: Texaocdepa, 2007. - 368c. ISBN 978-5-94836-126-0.

4. HanotexHoJ0THM U MOJEKyJsipHbIe KoMmbioTepsl/ PamOounun H.I., M.: DU3MATIIUT, 2007. - 256

c. - ISBN 978-5-9221-0869-0.

5. TBepaorenbHas 3JeKTpoHUKA: Yuel. mocodue - 3-e uzz., gomn./ I'ypros B. A., Mocksa: Texnocgepa

2005. - 512 c. ISBN 978-5-94836-187-1.

6. Hanorexnonoruu. M3nanue 4-e, ucnpasnennoe u gomnonaennoe/ Y. Ilyn - mi., ®@. Oysne/ Mocksa:

Texnocdepa, 2009. - 336¢. ISBN  978-5-94836-201-4.

7. HanotexHonorus: OU3NKO-XUMUS HAHOKJIACTEPOB, HAHOCTPYKTYPH HaHOMaTepuaios/. Cy3naines

W.I1. Uzn. 2-e, uctip. — M.: Kamxnbiit tom «JIMBPOKOM», 2009. — 592 ¢/ ISBN
978-5-397-00217-2.

8. Kypnaist o ¢uzuke TBepaoro tena (Puznka tBepaoro Tena, Kpucramiorpadus, KT, [Tucema B

JKT®, Physica Status Solidi b, Physical Review B u ap.)

9. Hogetitme natuukn//Ixekcon P.I., 2-e uzn., nom., Mocksa: TexHocdepa, 2008.-400 c. ISBN

978-5-94836-168-0

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

Obecrieuenue caMOCTOSTETLHON paOoTHI - 0a3bl JAHHBIX 10 KypHanaM Physica Status Solidi b,
Physical Review, ,J of Apply Physics.

JHocrynHeie yepes Internet HayyHble M HAYYHO-TEXHUYECKHE XKYPHAIBI: http://scitation.aip.org/,
http://www.sciencemag.org/ 311eKTpOHHbIE KOHCIIEKTHI JICKIHIA, y4eOHbIe TOCOOUs 1 COOPHHUKH 3314,
pa3paboTaHHbIe AJIst JAHHOTO Kypca.

8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMbIX NPH OCYLeCTBJICHUU 00Pa30BaTeJIbHOIO0
npouecca o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NporpaMMHOro odecnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

HE NPEAYCMOTPEHBI.
9. MeToauyeckue yKazaHusi AJis1 00y4ar0IIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3y4yaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3ynpTare MU3ydCHUA AUCHUIIIMHBI CTYACHT HOJDKCH 3HATb OCHOBHBIC ONPCEACIICHUSA U ITOHATUA
AUCHUIUIMHBI, YMCTb HPUMCHSTH IMOJTYYCHHBIC 3HAHUA IJId PCHICHUA PA3JIMYHbIX 3a1a4y.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

— TIOCEIIICHUS BCEX 3aHATHUH, MPETYCMOTPEHHBIX YU4EOHBIM TUTAHOM T10 AUCIHUILTHHE;

— BEJICHUA KOHCIIEKTa 3aHATUH;

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YTEHUE PEKOMEHIOBAHHOMN JTUTEPATYPHIL;

— mpopaboTKy yd4eOHOro Marepualia, MOATOTOBKY OTBETOB Ha BOMPOCH], MPEAHA3HAYEHHBIX IS
CaMOCTOSITEIbHOTO U3yUYEHUS;

— peleHue 3aad, MpeAjaraéMpIx CTyJIeHTaM Ha 3aHATHAX;

— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

[Mokazarenem BiajeHUsS MaTEpUATIOM CIYKUT YMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TEMaM
JACIUTLINHBI.

Baxno ,I[OGI/ITBCSI IOHHMMaHus U3y4daceMOro Marepunalid, a HC MEXaHHMYCCKOIo €ro 3alioMMHaHUA. HpI/I
3aTPYAHCHUN HU3YUYCHUSA OTACJIBbHBIX TCM, BOIIPOCOB, CJIICAYCT O6paH.[aTBC$I 3a KOHCYJIbTAUUAMHU K
IpernoaaBareiito.



Bo3mokeH mpoMexyTO4HBIN KOHTPOJIb 3HAHUI CTY/IEHTOB B BHJE PEIICHHS 337ad B COOTBETCTBUH C
TEMAaTUKOU 3aHATHIL.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

kBaTuuKkanus: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (Becennwii) - luddepeHnnpoBaHHbIN 3aUeT

PaszpatGoTunk: C.I byra, a-p ¢u3z.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydeHus qUCIUIUIMHE « HAHO3TIEKTPOHHEIE YCTPOHUCTBAY O0YJAFOIIHIACS JJOKEH:

3HATh:
COBpPEMEHHBIE MMPOOIIEMBI U 33/1a4u B 00nacTu GU3HUKU TBEPJOTO Tea;
TPUHIIMAITB CO3IaHUS HAHOAJICKTPOHHBIX YCTPOMCTB;
0COOEHHOCTH (DYHKIIMOHAJIBHBIX XapPAKTEPUCTHK HAHOMIEKTPOHHBIX YCTPOMCTB B CPaBHEHHHU C
MUKpPO3JIEKTPOHHBIMU YCTPOWCTBAMH;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUS;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €INHCTBE €CTECTBEHHBIX HayK.
yMeThb:
3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHTHI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3AKITIOUCHUS, 3aKOHBI;
IPE/ICTaBUTh MTAHOPaMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM KCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAEIHMPOBAHUYU PEATBHBIX (PU3MUECKHX
CUTYALIUii;
IUIAHUPOBATh ONTHMAJIHOE IIPOBEACHUE IKCIIEPUMEHTA.
BJIA/1eTh:
TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
HaBBIKAMH CaMOCTOSTEIILHOH paboThl B JIAOOpAaTOPHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJACITHPOBaHHEM (PU3NIECKHX 3a1ad.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC B
Ha4aJIC 3aHATHA.

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

Bonpocs! k auddepeHunpoBaHHOMY 3a4eTy:

1) OcHOBHbIE MOHATHS U BEJIMYMHBI HAHO- M1 ONTOJICKTPOHHUKH.

2) IlpuHnmn nocTpoeHusi cucrteM o0paboTKu curHaioB. KOHCTpyMpoOBaHHE «CBEpXy-BHH3» H
«CHU3Y-BBEPX»

3) KBaHTOBO-MexaHH4YeCKasg KOTEPEHTHOCTh. KBaHTOBBIE SIMBI, IPOBOJIOKH U TOYKH.

4) ABTO3MHCCHUOHHBIC DJIEKTPOHHBIE MUKPOCKOTIBI Ha 0a3e anekTpoHHoi koaoHHs GEMINI.

5) JBymydeBble MUKPOCKOIIBI C MOHHOM KOJOHHOM. HanomaHumynatopsl.

6) 30HI0BBIE MUKPOCKOIIBI.



7) HenuHelinble BOJIBTaMIEPHBIE XAaPAKTEPUCTHUKXM M aKTUBHBIE 3JIEMEHTHl MOJIEKYJISIPHOM
IEKTPOHUKHU.

8) Xumuueckue peakMoHHO-AU((Hy3HOHHBIE CpeIbl U CPEACTBa 00padOTKU MHPOPMALIIH.
9) PeaknmnonHO-11(GHy3UOHHBIN TPOIECCOP.
10) [Im0THOCTE COCTOSIHUI U Pa3MEPHOCTH CHCTEMBI.

11) bamnmuctuueckuii TpancmopT Hocutened 3apsina. lloaBwkHocTh 3apsmoB. TyHHenmpoBaHue
HOCHTEJIEH 3apsaa.

12) Meroapl (GOpPMHUpPOBAaHUS HAHOIEKTPOHHBIX CTPYKTYp, OCHOBaHHbIE Ha HCIOJIb30BaHUU
CKaHUPYIOLUX 30H/0B.

13) Hanonurorpadus. dnekrponHo-iaydesas aurorpadus. [lepreBas HanomuTorpadus.
14) OcHoBHBIE XapaKTEPUCTUKH JIBYMEPHBIX HOITYIPOBOAHUKOBBIX HAHOCTPYKTYP.

15) IlpsamoyronbHas TOTEHUMAJbHAA sMa KOHeyHOW myOuHbl. Ilapabonnyeckass u TpeyrojbHas
KBaHTOBBIC sMBIL. [lapabonudeckas NOTEHIMATIbHAS SIMA.

16) HanpspxeHHsle ciion. BiansHue HanpsoKeHU Ha BaJCHTHYIO 30HY. 30HHAS CTPYKTYpa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuIn3aui aTOMOB yIIIEpoa.

18) MHoOrocTeHHble M OAHOCTEHHbIE YIVIEPOAHBIC HAHOTPYOKH, GyuiepeHsl MU (y/UIepEeHOBbIE
MOJMMEpBI, HaHOrpaduT, HaHOamMa3 M aMop(dHble anMa3omnofoOHbIE IUICHKH, YIJIEpOJHbIE U
a30T-yIVIEPOJHbIC HAHOBOJIOKHA.

19) I'paheHoOBBIC HAHOANIEKTPOHHBIE YCTPOMCTBA.

20) I'ereponiepexonpl. ['eTeponepexoapl ¢ MOTYTHPOBAHHBIM JIETHPOBAHTHEM.

21) HampspkeHHBIE TeTEpOCTPYKTYpBI Ha ocHOBe SiGe.

22) MonynupoBaHO-JIETHPOBaHHBIE KBAHTOBbIE SIMBbl. MHOKECTBEHHBIE KBaHTOBBIE MBI (MQW).
23) Konuenmus cBepxpenieTok. Monens cBepxpemetku Kponura-Ilennu.

24) Ilpouecc TPOAONBHOTO TEpPEHOCAa B  HAHOCTPYKTYpaX B  JJIEKTPUYECKHX  TOJAX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX IEKTPUUECKUX 0JIel Ha CBOMCTBA CBepXpelieTok. KBaHTOBBIN nepeHoc B
HaHOCTPYKTypax.

28) BozneiicTBHE MATHUTHOTO TOJIS HA KPUCTAILIIBL.
29) IloBeneHne CUCTEM MOHUKEHHON pa3MEPHOCTH B MATHUTHBIX TOJISAX.

30) [InoTHOCTH COCTOSIHUI JBYMEPHBIX CHCTEM B MarHUTHBIX moiisix. Dddexr Aponosa-boma. ddekr
[lyOHukoBa-ze ['a3a.

31) Ksanrosebiii aext Xosuta. Mcrnons3oBanue KBaHTOBOTO 3¢dexTa Xoia B METPOJIOTHH.

32) OnTuueckne XapakTepUCTUKHA KBAHTOBBIX TOUEK U HAHOKPHUCTAJLIOB.

33) DnexrpoonTrueckue 3PQPeKThl B KBAHTOBBIX Toukax. KBanToBo-pasmepuslii a¢dext [Tapka.
34) DnexrpoonTtrueckue 3PQPeKThl B CBEPXpEIIETKAX.

35) TpaH3ucTOpbI HAa TOPAYHX JIEKTPOHAX. OAHORIEKTPOHHBIE TPAH3UCTOPHI.

36) Jlazepsl Ha TOTYHIPOBOAHUKOBBIX IT'€TEPOIIEPEXOAAX.

37) Jlazepbl Ha TOTYIPOBOAHUKOBBIX KBAHTOBBIX SIMaX.

38) Jlazephl Ha HANIPSDKEHHBIX CTPYKTYPax ¢ KBAHTOBBIMH siMaMu. Jlazepbl HA KBAHTOBBIX TOUKaX.

Kputepun onennBanus

Onenka ommuyHo 10 OamoB - BBICTABIISIETCSI  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTEeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka oramuHO 9  0anmoB -  BBICTABNSIETCSl  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSTH UX Ha MPaKTHKE MPH PEILICHMH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka ommmuHO &  0GanoB - BBICTaBJsIe€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.



OHGHKa XOpo1Io 7 0allOB - BBICTABIAETCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCpHaAJ, T PAMOTHO U 110
CylIeCTBY H3JIara€t €ro, yMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xoporio 6 6aj0B - BHICTABISETCS CTYAEHTY, €CJIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U IO
CYILECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAHNS Ha MPAKTHKE, HO JOIYCKAEeT B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOpouro 5 0aJIoB - BBICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MATCpuall, rpaMOTHO
1 M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMCEHATL MOJYUYCHHBIC 3HAHUS HaA IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka ynoBIETBOPHUTEIbHO 4 Oana - BBICTABISIETCS CTYACHTY, IOKa3aBHIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapylLIeHHs JJOTUYECKOW MOCIIEA0BATENBHOCTH B U3JI0KEHUH ITPOrPaMMHOIO MaTepHaa, HO MPU 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yIOBICTBOPUTENBHO 3 0ana - BBICTABIACTCS CTYAEHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronlemy omuOku B (GopMynupoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEeIbHOCTH B H3JIOKEHUH IPOTPAMMHOIO Marepuania, ciabo
BJI3JICET OCHOBHBIMH pa3zieiaMu yueOHO porpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OneHka HEYIOBIETBOPUTEILHO 2 0asia - BHICTABIISICTCS CTYIACHTY, KOTOPBIA He 3HaeT Ooyblie yacTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT TrpyOble OmHMOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
TUIIOBBIX 3a]ay.

OrneHka HEyZOBICTBOPUTENbHO | 0am - BBICTABIAETCS CTYAEHTY, KOTOpPBIH HE 3HAeT OCHOBHOIO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeilmue omuOKy B (GOPMYIUPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3a/ad.

5. MeTonuueckne MaTepuaIbl, ONpPeIesONINe MPoueIyPbl OIleHNBAHUS 3HAHU, YMEHUIl, HABBHIKOB U
(Wy1K) oNbITA AESITEILHOCTH

[Tpu npoBenennn ycTHOTO A (HEepeHIIMPOBAaHHOTO 3a4eTa 00yJaromemycs mpeaoctapisercs 30 MUHYT
Ha moArotoBKy. Ompoc oOydaromierocst Mo OWIeTy Ha ycTHOM JU(QEpEeHIIMPOBAHHOM 3a4yeTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



