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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

0 3 O LD AW~

. 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
nHpOpMaIKIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHUH B
pamMKax TeMmaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON

[MK-1 CriocobeH craBuTh, GopMann3oBbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie pa3padareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTATH  THIOTE3Bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM Ul ONMCAHUS H3ydaeMbIX
W3yYaeMbIX SABJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIE MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH NpUMEHSTh TeOpeTHYecKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbI HCCIIEOBAHUI K KOHKPETHOM
HayyHON 3ajade W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaTh

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI
3HATh!
COBpEMEHHBIE MPOOIIEMBI U 33/1a4u B 00nacTu GU3NKU TBEPIOTO Tea;
NPUHIIMAITB CO3MaHUS HAHOAJICKTPOHHBIX YCTPOMCTB;
0COOEHHOCTH (DYHKIIMOHAJIBHBIX XapPAaKTEPUCTHK HAHOMICKTPOHHBIX YCTPOMCTB B CPaBHEHHHU C
MUKpPO3JIEKTPOHHBIMU YCTPOWCTBAMH;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €INHCTBE €CTECTBEHHBIX HayK.
YMETh:
3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKICHHUS,
YMO3aKITIOUCHUSI, 3aKOHBI;
IPE/CTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM KCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAGNHMPOBAHUYU PEATBHBIX (PU3MUECKHX
CUTYALIUii;
IUIAHUPOBATh ONTHMAJIBHOE IIPOBEACHUE IKCIIEPUMEHTA.
BIIAJICTh!
TUTAHUPOBaHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yasTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
HaBBIKAMH CaMOCTOSTEIIHONH paboThl B JIAOOPAaTOPHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIM MOJCITHPOBaHHEM (PU3NYIECKHX 3a/1ad.

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

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

TpynoeMKOCTb 110 BUAAM YUeOHBIX 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 OOopynoBaHue Uil HCCIEAOBaHUI B 4
HaHO— U MUKPO3JIEKTPOHUKE
4 MonekynsipHast 2IEKTPOHUKA 4
5 HanoctpykrpupoBaHHbie 4 15
JIEKTPOHHO-OIITUYECKUE CPEbI
6 Pasmepnbie 3ddexTl B MeTamiax u ’
MOJTYTIPOBOTHUKAX
7 MeTtoast (hopmupoBanus 4
HAHOYIEKTPOHHBIX CTPYKTYP
] dusnka 5 IIOJIYIIPOBOJJHUKOB c 4
MTOHM>KEHHOH pa3MEpPHOCTHIO
9 VYraeponHsie HaHOCTPYKTYPHI, ux 6
3JIEKTPOHHBIE CBONCTBA
[TonynpoBogHUKOBEIE KBaHTOBBIE
10 |HAaHOCTPYKTYpBI H MOJYIPOBOIHUKOBBIC 6
CBEPXpELIETKH
1 IIpoueccsl mepeHoca B HAHOCTPYKTypax 6 15
B JJIEKTPUYECKUX U MATHUTHBIX IIOJIAX
OnTtuueckue W IEKTPOONTUYECKHUE
12 |mpouecchl B KBaHTOBBIX 4
reTepoCTPYKTYpax
13 BHeKTPOHHHe U OINTO3JIEKTPOHHBIE ]
YCTpOMCTBa HA OCHOBE HAHOCTPYKTYP
Nroro yacos 60 30
ITonroToBka k 3K3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 90 yac., 2 3au.en.

4.2.

Coneprxanue JUCIUIUIMHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemecrtp: 1 (Ocennwii)

1. Me3ockonnyeckasi pu3nKa 1 HAHOTEXHOJIOTUU

OCHOBHBIE TEHIACHLMU PA3BUTUS HAHO-U ONTORIEKTPOHUKH. OCHOBHBIE TOHSTHS W BEIUYMHBL
[TpuHIMIIBI TOCTPOEHUS CUCTEM 00paboTKK cUrHajoB. KOHCTpyHpoBaHHE «CBEPXY-BHHU3» U «CHHU3Y
—BBepx». KBaHTOBO-MEXaHWYECKask KOTEPEHTHOCTh. KBaHTOBBIE SIMBI, IPOBOJIOKH M TOUKH.

2. HnaHapHaﬁ NOJIYIIPOBOAHUKOBASA TCXHOJIOTHUA — JOCTUXKCHUSA U OTPAHUYCHUA

OO030p COBpEeMEHHBIX [JOCTIDKCHHH B 00JIACTM MHUHMATIOPH3ALMU DIEKTPOHHBIX YCTPOMCTB,
OCHOBHBIX MPO0OJIEM, CBSI3aHHBIX C JATbHEHIIMM YMEHBIIEHHEM MX XapaKTePHBIX Pa3MepoB. 3agadu
U MIpaKTH4ecKre TpeOoBaHMs, IPEIbsBIseMble K MUKPO- 1 HAHORJIEKTPOHHBIM yCTPOICTBaM.

3. Ob6opynoBaHue JJisi UCCIEIOBAHUN B HAHO— U MUKPOJJICKTPOHUKE

ABTOOMUCCHUOHHBIC DJJICKTPOHHBIE MHKPOCKONIBI Ha 0a3e 2nekTpoHHOH komoHHB GEMINI.
JIBynyueBble MHKPOCKOIBI C MOHHOM KOJIOHHOW. HaHoMaHUmynsTopbl. 30HAOBBIE MHKPOCKOIIBL:
TYHHEJIbHbIE, aTOMHO-CHJIOBBIE, ONITHYECKHUE MUKPOCKOIIBI OJIMKHETO MoJIsl. BEICOKOUYBCTBUTENbHBIE
puOOPHI U3MEPEHUS INEKTPUUIECKUX CBOMCTB ceMeiicTBa Kethley.

4. MonekynspHas 2J1€KTPOHUKA

MornekynspHble HOHOPBl M aKLENTOphbl 3MEKTpoHOB. HenuueitHpie BAX u akTUBHBIE 3JIEMEHTHI
MOJIEKYJIIPHOM 3NIeKTPOHUKH. Jlorndyeckre aneMeHTsl. CONUTOHBI B TPAHCIIONHUAIIETHUIICHE.



MornekynsipHasi MaMsiTh Ha OCHOBE Oellka OaKTepHUOPOAONCHHA. DIEKTPOHHO-KOH(POPMAIMOHHBIC
nepexonsl. [lepexirodyaroniuecs JIEMEHThI Ha OCHOBE MOJICKY]T pOTAaKCaHa M XHUPOITHIICHA.
3anoMuHaIOIINE YCTPOHCTBA Ha OCHOBE 3(h(eKTa «BBDKUTAHUS POBAJIOB)» B CHEKTPAX IOIIOIICHHUS
OpPraHMYEeCKHX MOJICKYJ B TBEPAOTEIBHBIX MAaTPHIIAX.

5. HaHOCTp}IKTpI/IpOBaHHLIe QJICKTPOHHO-OIITUYCCKHUC CPCbL

XUMUYECKHEe PpeakUMOHHO-TU(GPY3UOHHBIE CpeAbl W CpeacTBa O0pabOTKM  MHGOpMaLuu.
HetipocereBas apxutektypa. Cpenbl tuma benoycosa-XXaboruuckoro . Peaknnonno-nnddy3noHHbIH
poreccop: OCHOBHBIE MPUHIIUIIBL. Ob6pabotka n300paskeHUH cperamu THIIA
Benoycora-XKaboruuckoro . PeaknmonHo-auddy3noHHsIii mporeccop.

Cuctembl B3aMMOCBSI3aHHBIX PEaKIMOHHO-AN((Y3MOHHBIX PEAKTOPOB: PACIIO3HAIONINE yCTPOCTRa.
[TpunHLMIBL 00pabOTKK MHPOPMALIUN PEAKITUOHHO-IU(PPY3MOHHBIMH yCTPOHCTBAMH.

6. PazmepHsbie 3¢ exTsl B MeTaIIaX U HOITYIPOBOAHUKAX

[In1OTHOCTE COCTOSIHMM M PasMEPHOCTh CUCTEMBI. J[BH)KEHHE HOCHTENEW 3apsAna B DIEKTPUYECKOM
nosne. bayucrrueckuil TpaHCHOpPT HocuTeneu 3apsnaa. IlonBuwxHOCTH 3apsaoB. TyHHeIMpoBaHUE
Hocutenel 3apsaga. CBoOogHass TOBEpXHOCTh M Mek(aszHble TrpaHdlbl. [lomynpoBOIHUKOBEIE
reTepocTpyKTypbl. KBaHTOBBIE IIpOLIECCHI IEPEHOCA.

7. Metozpl OpMHPOBAHUST HAHOATEKTPOHHBIX CTPYKTYP

XuMHYecKoe oOcaxJeHWe wu3 ra3oBod (as3pl. MonekynsipHO-Ty4yeBas dUHUTaKChs. MeTolbl,
OCHOBAHHBIE Ha HCIIOJIB30BAHWH CKAHHPYIOIIHUX 30HA0B. DOKYCHPOBAaHHOE HOHHOE TpaBIECHUE.
JlokanbHOE OKHCIEHHE METauIOB M IIOIYIpPOBOAHMUKOB. JIOKaJbHOE XMMHYECKOE OCAXKICHUE U3
ra3oBoil ¢aszsl. Hanonmurorpadus. Dnekrponno-nydeBas aurorpadus. IlpodpunupoBanue pe3ucTon
CKaHUpyomMH  30H1amu.  Hasnomewars.  IleppeBast ~ HaHonutorpadusa.  CamocOopka.
Camoopranuzanus B 00beMHbIX Marepuanax. Camoopranuzauus npu snurakcuu. GopmupoBanue
KBAaHTOBBIX TOYEK IIOCPEICTBOM CaMOOpPraHM3aluMu Ipu dnurakcuu. OcaxaeHue IUIEHOK
JIbarMropa-bromxert. KOHTaKThI K OTAETBHBIM MOJIEKYJIAM.

8. dusuka MOJIYIIPOBOAHHUKOB C MOHIKCHHOM PasMCPHOCTBIO

OCHOBHBIE XapaKTEPUCTHKH JABYMEPHBIX IIOJYIPOBOAHUKOBBIX HAHOCTPYKTYp. llpsmMoyroibHas
NOTeHLMAIbHAs sMa KOHEYHOM mayOuHbl. IlapaGonuyeckas M TpeyroibHas KBAHTOBBIC SIMBI.
[lapabonuueckasi moTeHUMaNbHAs sAMa. TpeyroipHas NOTEHIMadbHas siMa. KBaHTOBBIE MPOBOJIOKH.
KsanroBble Touku. Hanpsbxkensble ciaou. BinsiHue HanpsbkeHHH Ha BaJ€HTHYIO 30HY. 30HHAs
CTPYKTYpa B KBAaHTOBBIX sIMax. DKCUTOHHBIE 3((PEKThl B KBAHTOBBIX SIMAX.

Cemecrtp: 2 (Becennuit)
9. YreponHble HAHOCTPYKTYPBI, HX JICKTPOHHBIE CBOMCTBA

CnocoObl  rHOpHUAM3ALMM  aTOMOB yIiepoja. MHOTOCTEHHBIE U OJHOCTEHHBIE YIJICPOJHbIC
HaHOTPYOKH, (ymiuepeHsl W (Qy/JIepeHOBbIE IOJMMEPBI, HaHOrpaduT, HaHOaIMa3 W aMopQHbIE
aJIMa3011000HbIE MJIEHKH, OHUOHBI, YIJIEPOJHbIE U a30T-YIJIEPOHbIE HAHOBJIOKHA. ABTO3JIEKTPOHHAS
SMHUCCHSl YIVIEPOIHBIX HAHOCTPYKTYyp. IIpuMeHEHMsI XOJIOIHBIX HAHOYIIIEPOAHBIX KaTOZOB.
HanoyrnepojHbie ceHcopbl ra3oB. [padeHOBbIE HAHOZJIEKTPOHHBIE YCTpOHCTBAa. HaHoyriepomHbie
OTpaHUYUTENN ONTHYECKON MOITHOCTH, IPEPHIBATEIH.

10. HOJ'IyrIpOBO,Z[HI/IKOBBIG KBAHTOBBIC HAHOCTPYKTYPhI U IMOJTYIIPOBOAHHUKOBBIC CBCPXPCHICTKH

Crpykrypsl moneBeix MOII-tpansucropoB (MOSFET). Tereponepexombl. I'ereponepexonsl c
MOIYJIMPOBAaHHBIM JierHpoBaHueM. HampsokeHHble retepocTpykTypel Ha ocHoBe SiGe. KBantoBbie
siMbI. MOy TUpOBaHHO-TIETUPOBAHHBIE KBAHTOBBIE SIMbl. MHOXECTBEHHbIE KBaHTOBEIE sMbI (MQW).

Konnenmus csepxpemnierok. Mogens cBepxpemierku Kponura — [lennu. Pacmiennenue 30H.
CBepXxpemeTK TUIa nipi.



11. IIponieccsl nepeHoca B HAHOCTPYKTYPax B MIEKTPUUECKUX U MAarHUTHBIX HOJISAX

[IpononeHeii mepeHoc. MexaHM3MBI pacCestHUA JJIEKTPOHOB. DKCIIEPUMEHTAIbHBIE IaHHBIC 10
pONOJIBHOMY TniepeHocy. IIpomonpHbI mepeHoc ropsuux 21eKTpoHOB. [lomepeunslid mepeHoc.
PezonancHoe TtyHHenMpoBaHuE. BiMsHHE TONEpPEYHBIX 3JNEKTPUUECKHX TIOJE€H Ha CBOWMCTBA
cBepxpeuietok. KBaHTOBBIII mepeHoc B HaHOCTPYKTypax. KsanToBas mpoBoanmocTs. Popmyrna
Jlannayspa. @opmyna Jlammayspa — bBroTTukepa ajisi KBaHTOBOTO NEPEHOCAa B MHOTO30HIIOBBIX
cTpykrypax KymonoBckas Grmokaza.

BozgeiictBue mMarHuUTHOrO mojsi Ha Kpucrasuibl. [loBeneHne cucteM MOHM)KEHHOW Pa3sMEPHOCTH B
MarHUTHBIX MOJSAX. IIIOTHOCTH COCTOSIHME IByMEpHBIX CHCTEM B MarHUTHBIX MOJSX. Dddexr
AponoBa — boma. Oddexkr IllyonuxkoBa — nme ['aaza. KsanrtoBbiii 3ddexr Xoma.
DKCrepUMEHTaJIbHbIE JaHHBIE M D3JIEMEHTapHas TEOpHs LEIOYMCICHHOTO KBaHTOBOTO 3ddekrra
Xomna. IlporskeHHBIE U JIOKAJIM30BaHHbIE COCTOsHUS. Vcmonb30Banue KBaHTOBOTO addexTa Xosia
B MeTposioruu. JIpoOHbIii KBaHTOBBIN dddekT Xoa.

12. OnTHuecKue U AMEKTPOONTUYECKHE MTPOLIECCH B KBAHTOBBIX T€TEPOCTPYKTYpax

OnTHyeckue CBOWCTBAa KBAaHTOBBIX SIM M CBepxpenieTok. OnTHYeckne XapaKTepUCTHKH KBaHTOBBIX
TOYEK ¥ HAHOKPUCTAJUIOB. METOIbI BRIpAIIMBAaHHUS HAHOKpUCTALIOB. CaMOOpraHu3aIys KBAaHTOBBIX
ToYeK. Dnekrpoontuiyeckue 3pdeKTsl B KBaHTOBBIX Toukax. KBaHTOBO-pazmepHbIi apdexT [lITapka.
Onexrpoontryeckue 3¢hhexTsl B cBepxpemerkax. Jlectaups [ltapka n ocimsuisiiun biioxa.

13. DneKTpoHHBIE U ONTOZJIEKTPOHHBIE YCTPOWCTBA HA OCHOBE HAHOCTPYKTYP

MopynsuuoHnHo-nerupoBanabie nojeBsie Tpanzuctopsl (MODFET ). bunonsipasie TpaH3UCTOPHI Ha
rereponepexofax. Pe3oHaHCHBIA TyHHENbHBIH IQQexT. TpaH3UCTOpPBHl Ha TOPSYUX 3IIEKTPOHAX.
TpaH3uCTOpBI ¢ PE30HAHCHBIM TyHHEIMpOoBaHUEM. OAHORIEKTPOHHbBIE TPAH3UCTOPHI.

Jlazepbl 11a MOJIyIpOBOAHUKOBBIX rereporepexonax. Jlazepbl Ha IOIYIPOBOJHUKOBBIX KBAHTOBBIX
smax. [loBepxHOCTHBIE J1azepsl ¢ BepTUKaIbHBIM pe3oHaropoM (VCSEL). Jlazepsl Ha HampsKEHHBIX
CTPYKTypax ¢ KBAaHTOBbIMH sIMaMH. Jla3epbl Ha KBAaHTOBBIX TOUKax. POTOAETEKTOPBI HA KBAHTOBBIX
sMax U cBepxpemieTkax. OOTOAETEKTOPHI Ha MOJ30HaX KBAHTOBBIX sIM. JIaBHHHBIE (POTOAETEKTOPHI
Ha cBepxpeleTkax. MonynsaTopsl Ha KBAaHTOBBIX SIMaXx.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIEeHHNS 00pa30BaTEILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, IEPCOHATbHbBIE KOMITBIOTEPHI, MYJIBTUMEANIHOE 000pyaoBaHUE (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. : wu. — (Hanorexnomnorus). ISBN 978-5-94774-914.
2. HanorexHosorust B 3IIEKTPOHHKE. BBeieHNE B ClICIUAIEHOCTD: Y4eOHOe TTocodue. 2-¢ u3fl., uchp. /
Jlozoeckuit B.H., Konctantunosa I'.C., Jlozosckuii C. B., CII0.: U3marenbcTtBo «Jlans», 2008. — 336
c: win. — (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: Texnocdepa, 2007. - 368c. ISBN 978-5-94836-126-0.
4. HanotexHoJ0THM U MOJNEKYJsipHbIe KoMmbioTepsl/ PamOounn H.I., M.: DU3MATIIUT, 2007. - 256
c. - ISBN 978-5-9221-0869-0.
5. TBepaorenbHas 3JeKTpoHUKA: YueO. mocodue - 3-e uzf., 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)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

Cemectpbl, (pOpMBI TPOMEKYTOUHON aTTECTALMH:
1 (ocennuit) - AuddepeHunpoBaHHbIi 3a4eT

2 (Becennwuil) - luddepeHpoBaHHblii 3a4€T

Pa3zpatGoTunk: C.I. byra, a-p ¢u3.-mar. Hayk



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUIUIMHE « HAHO3TIEKTPOHHEIE YCTPOHCTBAY O0YJAFOIIHIACS JJOTKEH:

3HATh:
COBpPEMEHHBIE MPOOIIEMBI U 33/1a4u B 00nacTu (U3KUKU TBEPJOTO Tea;
NPUHIIMITB CO3IaHUS HAHORJICKTPOHHBIX YCTPOMCTB;
0COOEHHOCTH (DYHKIIMOHAJIBHBIX XapPAaKTEPUCTHK HAHOMICKTPOHHBIX YCTPOMCTB B CPaBHEHHHU C
MUKPOIJIEKTPOHHBIMU YCTPOWCTBAMH;
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICTTHPOBAHUSI;
0 B3aUMOCBS35X U (yHIaMEHTAJIFHOM €IMHCTBE €CTECTBEHHBIX HayK.
yMeThb:
3(Q(EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3aKJIIOUCHUS, 3aKOHBI;
IPE/ICTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM IKCIIEPUMEHTAILHOM 000pYI0BaHHH;
abcTparnpoBarhCsi OT HECYLIECTBEHHBIX BIMSHUN NPHU MOJAENHMPOBAHUU PEATBHBIX (PU3MUECKHX
CUTYALIUii;
IUIAHUPOBATh ONTHMAJIEHOE IIPOBEAECHUE IKCIIEPUMEHTA.
BJIA/1eTh:
TUTAHUPOBAHKEM, TIOCTAHOBKOM U 00pabOTKON pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
HaBBIKAMH CaMOCTOSTEILHONH paboThl B JIAOOpAaTOPHH HAa COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJACITHPOBaHHEM (PU3NIECKHX 3a/1ad.

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

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

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

Bonpocs! k quddepeHunpoBaHHOMY 3a4eTy:

1) OcHOBHbIE MOHATHS U BEJIMYMHBI HAHO- M ONTOICKTPOHHUKH.

2) IlpuHnmn nocTpoeHusi cucrteM o0paboTKu curHajgoB. KOHCTpyMpoOBaHUE «CBEpXy-BHU3» H
«CHU3Y-BBEPX»

3) KBaHTOBO-MexaHHYEeCKasg KOTEPEHTHOCTh. KBaHTOBBIE MBI, IPOBOJIOKH U TOUYKH.

4) ABTO3MHCCHOHHBIC DJIEKTPOHHBIE MUKPOCKOTIBI Ha 0a3e anekTpoHHoi koaoHHs GEMINI.

5) JBymydeBble MUKPOCKOIIBI C MOHHOM KOJOHHOM. HanomaHumynatopsl.



6) 30HI0BBIE MUKPOCKOIIBI.

7) HenvHelinble BOJIBTaMIEPHBIE XAapAKTEPUCTHUKXM M aKTUBHBIE 3JIEMEHTHl MOJIEKYJISIPHOM
IEKTPOHUKHU.

8) Xumuueckue peakMoHHO-Au((y3HOHHBIE CpeIbl U CPEeACTBa 00PadOTKU MHPOPMALIUH.
9) PeaknmnonHO-1M((HY3UOHHBIN TPOIECCOP.
10) [Im0THOCTE COCTOSIHUI U Pa3MEPHOCTH CHCTEMBI.

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

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

13) Hanonurorpadus. dnekrponHo-naydesas aurorpadus. [lepreBas HanomuTorpadus.
14) OcHoBHBIE XapaKTEPUCTUKH JIBYMEPHBIX OITYIPOBOAHUKOBBIX HAHOCTPYKTYP.

15) IlpsamoyronbHas TOTEHUMAJbHAA siMa KOHeyHOW myOuHbl. Ilapabonuyeckass u TpeyrojbHas
KBaHTOBBIC sMBIL. [lapabonudeckas NOTEHIMATIbHAS SIMA.

16) HanpspxenHsle ciion. BausHue HanpsoKeHU Ha BaJCHTHYIO 30HY. 30HHAS CTPYKTYpa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuan3anuy aTOMOB yIIIEpoa.

18) MHoOrocTeHHble M OJHOCTEHHbIE YIVIEPOAHBIC HAHOTPYOKH, yuiepeHsl MU (y/UIepEeHOBbIE
MOJMMEpPBI, HaHOrpaduT, HaHOoamMa3 M aMop(dHble anmMa3omnofoOHbIE IUICHKH, YIJIEpOJHbIE U
a30T-yIVIEpOJHbIC HAHOBOJIOKHA.

19) I'padheHoOBBIC HAHOANIEKTPOHHBIE YCTPOMCTBA.

20) I'ereponiepexonsl. ['eTeponepexopl ¢ MOTYTHPOBAHHBIM JIETHPOBAHTHEM.

21) HampspkeHHBIE TeTEpOCTPYKTYphI Ha ocHOBe SiGe.

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

24) Ilpouecc TPOAONBHOTO TEpPEHOCa B  HAHOCTPYKTYypaX B  DJIEKTPUYECKHX  TOJAX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX JEKTPHYECKUX 0l Ha CBOMCTBA CBepXpelieTok. KBaHTOBBIN nepeHoc B
HAHOCTPYKTypax.

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

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

31) Ksanrosbiii aext Xosta. Mcnons3oBanue KBaHTOBOTO 3¢dexTa Xoia B METPOJIOTHH.

32) OnTuueckne XapakTepUCTUKH KBAaHTOBBIX TOUEK U HAHOKPHUCTAJLIOB.

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

35) TpaH3ucTOpbI HAa TOPAYHX JIEKTPOHAX. OAHORIEKTPOHHBIE TPAH3UCTOPHI.

36) Jlazepsl Ha TOTYIPOBOAHUKOBBIX IT€TEPOIIEPEXOAAX.

37) Jlazepbl Ha TOTYIPOBOAHUKOBBIX KBAHTOBBIX SIMaX.

38) Jlazephl Ha HANIPSKEHHBIX CTPYKTYPax ¢ KBAHTOBBIMH siIMaMu. Jlazepbl HA KBAHTOBBIX TOUKaX.

Kpurepun oneHuBaHus

Onenka ommuyHo 10 OanoB - BBICTABIISIETCSI  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOrpaMMbl JAWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
IPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

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



Ouenka ommmyHo & Oayos - BBICTaBISIETCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCLHUILUIMHBI M YMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE MPU PEIICHUH KOHKPETHBIX 33714, NPaBHIbHOE 00OCHOBAHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xoporo 7 6ajioB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTrepuall, IpaMOTHO H I10
CYIIECTBY H3JIaraeT €ro, yMeeT NPUMEHSTHh IOJy4YCHHbIC 3HAHUS Ha IPAKTHKE, HO HEIO0CTAaTOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

OtmeHka xopomro 6 0ajoB - BEICTABISCTCS CTYACHTY, €CIIM OH TBEPIO 3HAET Marepuall, IPaMOTHO H 110
CYLIECTBY M3JIaraeT ero, yMeeT NpUMEHSTh HOJIyYeHHbIC 3HaHHs Ha TPAKTHKE, HO JOIyCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

Ouenka xoporo 5 6ajioB - BBICTABISIETCS CTY/ICHTY, €CJIM OH B OCHOBHOM 3HAeT MaTrepuall, IPaMOTHO
U TI0 CYIIECTBY HM3JIaraeT €ro, yMeeT NMPUMEHSTh NONTyYeHHbIC 3HAaHHs Ha TMPAKTHKE, HO JIOIYyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ynoBIETBOPUTENHEHO 4 0ana - BBICTABISICTCS CTYJICHTY, IOKa3aBIIEeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IpPAaBWIbHBIE (OPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYILCHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO MaTrepuaa, HO IPH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Zeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul JAJIbHEWIIEro OOyYeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBIETBOPUTENHEHO 3 0ajla - BBICTABISICTCS CTY/IEHTY, IOKa3aBIIeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HaHHiA, JOIyCKAIOUIeMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OueHka HEyJOBJIECTBOPUTENILHO 2 0alia - BBICTABISICTCS CTYACHTY, KOTOPBIH He 3HaeT Ooublieil yacTu
OCHOBHOTO cOAep)XaHUsI y4eOHOW MporpaMMbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmMOKH B
(bOpMyIHpPOBKaxX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33]1a4.

OreHka HEyHOBICTBOPUTENBHO | Oan - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOK B GOpPMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PELICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu npoBenennu yctHOro AudhepeHIUpPOBaHHOTO 3a4eTa o0yJaromemycs npegoctasisercs 30 MUHYT
Ha moArotoBky. Ompoc oOyuaromierocst mo OmieTy Ha ycTHOM Iu(¢epeHIUPOBAHHOM 3a4yeTe He
JIOJKEH IMIPEBBIIIATH OJIHOTO aCTPOHOMHMUYECKOI0 yaca.



