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AHHOTANMA

Kypc "HanoanexTpoHHble ycTpoiicTBa" MpeaycMaTpiuBaeT OCBOCHHE CTyACHTaMU (yHIaMEHTAIbHBIX 3HAHHMA
B 00JIACTH JIEKTPOHHBIX U 3JIEKTPOHHO-ONTUYECKUX CBOMCTB HAHOCTPYKTYD, U3YyHUEHHE CIIOCOOOB CO3MaHUS
HAHOJIEKTPOHHBIX YCTPOMCTB M METOIOB HMX HCCIEAOBAaHUS, a Takke o0macTeil MX MpPaKTHUYECKOro
[IPUMEHEHMUSL.

3amaun Kypca:

* (¢opmupoBaHue 0a30BBIX 3HAHUII B 001AaCTH (U3UKHM TBEPAOTO Tela, KaK JUCHUILIHHBI, WHTETPHPYIOIIEH
obneu3nueckyro 1 OOIIETEOPETHUECKYIO TMOATOTOBKY (DM3MKOB M 00ECIeuMBArONIeH TEXHOJIOTUYCCKUE
OCHOBBI COBPEMEHHBIX HHHOBALIMOHHBIX C(ep NeTeTbHOCTH;

* 00ydeHHuE CTYACHTOB NMPUHUIUIAM CO3IaHUS HAHOZJICKTPOHHBIX YCTPOMCTB, BBISIBIEHHE 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'IeMBI n 3a1a44 B obmactu (1)I/I3I/IKI/I TBépI[OFO TCIa,
[ MNPUHIUIIBI CO3AaHUA HAHOIJICKTPOHHBIX YCTpOﬁCTB;

O 0COOCHHOCTH (PYHKIIMOHAIBHBIX XapaKTEePUCTHK HAHOMJIEKTPOHHBIX YCTPOMCTB B CpaBHEHUH C
MUKPOJIEKTPOHHBIMU YCTPOHCTBAMU;

[J mocTaHOBKY IpobieM QU3NKO-XUMHUYECKOTO MOJICIIMPOBAHYS;
(] 0 B3aMMOCBs35X ¥ (yHIAMEHTAIBHOM 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

Heab AuCHUILIMHBI
. OCBOCHHE CTyIeHTaMH (YHJAaMEHTAJIbHBIX 3HAaHMA B OONAaCTH DJICKTPOHHBIX H
3NEKTPOHHO-ONTUYECKUX CBOMCTB HAaHOCTPYKTYp, M3y4€HHE CIIOCOOOB CO3MaHUs HAHOIIEKTPOHHBIX
YCTPOKMCTB ¥ METOJIOB UX MCCIIEIOBAHMS, a TAKKE 00IAaCTel MX MPAKTUIECKOTO TPUMEHEHHUSL.

3agaum AUCHUILUTHHBI
. (opmupoBaHre 0a30BBIX 3HaHWUH B oOMacTH (U3MKK TBEPIOro Teia, Kak JUCIUTUIMHBL,
HHTETrpUpYIOLIeH 001e(U3NIECKYIO U 00IIETEOPETHYECKYIO MOATOTOBKY (PU3HKOB M 00ECTIEUNBaIOLICH
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

. o0ydeHHEe CTYIEHTOB MPHUHIUIAM CO3JaHUS HAHOAJIEKTPOHHBIX YCTPOWCTB,  BBISBIICHUC
ocoOeHHOCTed MX (YHKIMOHAJBHBIX XapaKTePUCTUK B CPaBHEHHUH C MHKPORJIEKTPOHHBIMH
yCTpOiicTBaMu;

* ($opMHpOBaHKE MOAXOAOB K BBHITOJHEHHUIO HCCIEOBAaHUHN CTYJEHTaMU B 00JaCTH HAHORJIEKTPOHUKU
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

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyaJIbHBIX pPe3yJIbTarax UCCIeJOBAaHHN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pemIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAEIM I  ONHCAaHUS  H3y4aeMbIX
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH SIBIICHUH U TPOLIECCOB, OLIEHUBATh KAYECTBO pa3padoTaHHON
M3y4aeMbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4ath [[IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTAJIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye H HHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare 0CBOCHHS AUCHUILTHHBI 00YYaIOIINECs JOIDKHBI
3HATh!
[J coBpeMeHHBIC IPOOIEMBI U 3a1a4u B 001aCTH (PU3UKH TBEPIOTO Tea;
[/ NPHUHIMITEI CO3JaHUSI HAHOAIEKTPOHHBIX YCTPOHCTB;
[l 0coOeHHOCTH (PyHKIMOHANBHBIX XapaKTEPUCTHK HAHOIIEKTPOHHBIX YCTPOWCTB B CPaBHEHHH C
MUKPOIJIEKTPOHHBIMU YCTPOWCTBAMH;
[J TocTaHOBKY IpobieM QU3NKO-XUMHUYECKOTO MOJICIINPOBAHYS;
(] 0 B3aMMOCBS3SIX U ()YH/IaMEHTAIBHOM CJMHCTBE €CTCCTBEHHBIX HaYK.
YMETh:
[l 3¢ ¢eKTHBHO UCTIONB30BaTh HA MPAKTHKE TEOPETHYECKNE KOMIOHEHTHI HAYKH: TIOHATHS, CYXKICHHS,
YMO3aKITIOUCHUSI, 3aKOHBI;
[l mpeacTaBUTh NAaHOPaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;
[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX
CUTYALIUii;
[l IIaHUPOBATh ONTHUMAJIBHOE MIPOBEICHUE SKCIIEPUMEHTA.
BIIAJICTh!
[J TIaHUPOBAaHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3MUECKOTO IKCIIEPUMEHTA;
[]  HaBBIKAMH CaMOCTOSITEIIbHOH paboThl B JTaOOpaTopud Ha COBPEMEHHOM SKCIIEPHMEHTaIbHOM
000pyIOBaHUY;
[l MareMaTHYeCcKUM MOJICITHPOBAHHEM (PH3MYCCKHX 3a/ad.

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 " 4
HAHOTEXHOJIOTUU
[TnanapHas HOJIYTIPOBOJJHUKOBAS
2 TEXHOJIOT U - JOCTUKEHUS u 4
OrpaHUYEHUS
3 OGopynoBanue Ui HWCCIEIOBaHUN B 4
HaHO— ¥ MHUKPOXJIEKTPOHHKE
4 MonexkymsipHast IeKTPOHUKA 4




5 HanoctpykrpupoBaHHbie 4 15
3IIEKTPOHHO-OIITHYECKHUE CPEIbI
6 Pasmepnbie 3¢dexTtsl B MeTauiax u 5
MOJTYIPOBOJHHUKAX
7 Mertobt (hopmupoBaHus 4
HAHODJICKTPOHHBIX CTPYKTYP
3 duznka _ TIONYNPOBOJHHKOB c 4
MOHWKEHHOM Pa3MEpHOCTBIO
9 Vrneponusie HaHOCTPYKTYPbI, ux 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 BIEKTPOONTUYECKUE
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 MOCTPOCHUA CUCTCM O6pa6OTKI/I CHUI'HAJIOB. KOHCTp}II/IpOBaHI/IG «CBCPXY-BHU3» U «CHU3Y
—BBEPX». KBanToBo-Mexannyeckas KOI€pEHTHOCTD. KBanTOBBIC SIMBI, IIPOBOJIOKH U TOYKU.

2. IInanapHas noJIyIpOBOJHUKOBAsI TEXHOJIOTUS — JOCTHXKEHUS U OTPaHUYEHUS

O030p COBpPEMEHHBIX JOCTHXXCHHH B OOJNIACTH MHHMATIOPU3ALUU JJIEKTPOHHBIX YCTPOMCTB,
OCHOBHBIX ITPOOJIEM, CBSI3aHHBIX C JAJIBHEHIINM YMEHBIIEHHEM MX XapaKTEPHBIX Pa3MepoB. 3ajauu
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 MHUKPOCKONIBI Ha 0Oa3ze anekrpoHHoW komoHHel GEMINI
JIByny4yeBble MHUKpPOCKOIIBI C WOHHOW KOJOHHON. HaHomaHumynatopbl. 30HIOBBIE MHUKPOCKOIIBI:
TyHHEJbHbIE, aTOMHO-CHIIOBBIE, OITUYECKHE MHUKPOCKOIBI OJIMKHETO I0JIsl. BEICOKOUYBCTBUTEILHBIE
MpuOOPHI U3MEPEHUS IMEKTPUIECKUX CBONCTB ceMelicTBa Kethley.

4. MonekynsipHast 3J€KTPOHUKA

MonekymasipHblE JOHOPHI W aKIenTopbl eKTpoHOB. Henuueidinpie BAX U akTUBHBIE 3JE€MEHTHI
MOJIEKYJISPHOHN 3NeKTpOHUKH. Jlornueckue sneMeHTsl. CONUTOHBI B TPAHCIIOIHALIETUIICHE.
MornekynsipHasi maMsiTh Ha OCHOBE Oelika OaKTepUOpOIOICHHA. DNEKTPOHHO-KOH(POPMALKOHHbIE
nepexonsl. Ilepexmrodaromuecss 371€MEHThl Ha OCHOBE MOJIEKYJ pPOTaKCaHa W XUPONTULEHA.
3anoMHHaIONINE YCTPOHUCTBA HAa OCHOBE 3(p(heKTa «BBDKUTAHUS MPOBAJIOBY» B CHEKTPAX MOTIOMICHHS
OpPraHUYeCKUX MOJIEKYJ B TBEPAOTEIbHBIX MaTpULIAX.



5. HaHOCTPYKTpHUpPOBaHHBIE 3JIEKTPOHHO-ONITUYECKUE CPEBI

XUMHUYECKHE PpEeaKIHOHHO-TU(GPY3UOHHBIE CpeAbl U cpelncTBa o0paboTku  WHpOpMAIHH.
HetipocereBas apxutekrypa. Cpensl Tumna benoycosa-XKabotunckoro . Peakimonno-nudy3noHHbIH
MpoIEeccop: OCHOBHBIC MPUHIUTIBL. O06pabotka M300paskeHMH cpenamu 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 Pa3sMEPHOCTb CUCTEMBI. J[BH>KEHME HOCHUTENEH 3apsia B AIEKTPUYECKOM
nosie. bannmuctudeckuil TpaHcnopT HocuTened 3apsaa. llogsmxkHOCTH 3apsnoB. TyHHeNnnpoBaHHE
HocuTenei 3apspa. CBoOOmHAs NOBEPXHOCTh M Mex(daszHble TpaHuibl. IlomynpoBOIHHUKOBBIE
reTepoCTPyKTYphl. KBaHTOBBIE IPOLECCHI TEPEHOCA.

7. Metoas! GopMHUPOBaHUSI HAHOIIEKTPOHHBIX CTPYKTYP

XUMHYECKOE OCaXICHHE W3 Ta30BOM (a3bl. MONeKynspHO-IyueBas OSIUTAKCUS. MeTomsl,
OCHOBaHHbIC Ha HCIOJIb30BAHUM CKaHUPYIOIIMX 30HIO0B. POKyCHpOBaHHOE HOHHOE TpPAaBJICHUE.
JlokampHOE OKHCIIEHHE METAJUIOB M IIOMYIPOBOAHUKOB. JIOKalbHOE XMMHYECKOE OCaXICHHE W3
ra3zoBoil ¢azpl. Hanomutorpadus. DnexTpoHHO-myueBas nutorpadus. [IpodunupoBanue pe3nctos
CKaHupyromwMu  3oHmamu.  Hanomewarp.  [lepbeBast ~ HaHonmrtorpadus.  CamocOopka.
Camoopranuszanust B 00beMHBIX Marepuanax. Camoopranuzanus npu snurakcuud. dopmupoBaHue
KBAaHTOBBIX TOYEK IIOCPEACTBOM CaMOOpPraHW3alMd Tpu dnurtakcun. OcaxaeHne 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.
[TapaGonmueckast MOTeHIMAIbHAS AMa. TpeyroabHas MOTEHIMaNbHAs siMa. KBaHTOBBIE NMPOBOJIOKH.
KsanrtoBbie Touku. Hampspkensele ciaou. BimsHue HanpsokeHMH Ha BaJIeHTHYIO 30HY. 30HHAs
CTPYKTYpa B KBAHTOBBIX sIMaX. DKCUTOHHBIE 3((PEKThI B KBAHTOBBIX SIMaX.

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

CnocoObl  rHOpHUAM3aIMM  aTOMOB  yriepoAa. MHOTOCTEHHBIE M OJHOCTCHHBIC YIJICPOIHBIC
HAHOTPYOKH, (ymnepeHsl W QyJIepeHOBBIE TMOJMMEPHI, HaHOTpaduT, HaHOAIMa3 W aMopQHbIE
aJIMa3010100HbIE TJICHKH, OHUOHBI, YIJIEPOHBIC U a30T-YIJIEPOHbIC HAHOBIOKHA. ABTOJIEKTPOHHAS
OMHUCCUSl YIJICPOAHBIX HAHOCTPYKTYp. IIpMMEHEHHs XOJOJHBIX HAHOYIJICPOIHBIX KaTOJOB.
Hanoyrnepoanbie ceHCOpbl Ta3oB. ['padeHoBbIe HaHOAIEKTPOHHBIE ycTpoiicTBa. HaHoyriepoaHsie
OrPaHUYUTENN ONITHYECKON MOLITHOCTH, TIPEPHIBATEIIH.

10. ITosrynpoBOHUKOBbIE KBAHTOBBIE HAHOCTPYKTYPBI U IOIYIIPOBOAHUKOBBIE CBEPXPEILETKU

Crpykrypsl noneBbix MOII-tpansucropoB (MOSFET). Tereponepexompl. Ierepomepexonbl ¢
MOZAYJIMPOBAaHHBIM JIETHpOBaHHEM. HampsokeHHBIE reTepocTpyKTypbl Ha ocHoBe SiGe. KBanToBBIE
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



[IpononeHei mepeHoc. MexaHM3MBI pPACCEesIHHUS SJIEKTPOHOB. ODKCIIEPUMEHTAIbHbBIE JaHHBIC II0
PONOJIBHOMY TniepeHoCy. lIpofonbHBI NIEpeHOC ropsdux 3JeKTpoHOB. llomepeuHslil mepeHoc.
PezonancHoe TyHHenMpoBaHHWE. BiusHHME TMONEPEYHBIX DJIEKTPUUYECKUX TMOJIeH Ha CBOWCTBA
cBepxpenietok. KBaHTOBBIII mepeHOC B HaHOCTpyKTypax. KBaHToBas mpoBogumocts. Dopmyna
Jlannayspa. @opmyna Jlammayspa — bBroTTHkepa Ui KBaHTOBOTO IEPEHOCA B MHOTO30HIOBBIX
cTpykrypax KymonoBckas Grokaza.

BozgeiictBue MarHUTHOro mojsi Ha Kpuctajuibl. [loBeneHHe cCUCTEM MOHMKEHHOW pa3MEpHOCTH B
MarHUTHBIX MOJSX. [IMOTHOCTE COCTOSIHMI IBYMEpHBIX CHCTEM B MAarHUTHBIX MOMSX. DQdekt
AponoBa — boma. Dddexr UlyonumkoBa — ge laaza. KsantoBeni 3¢ddexr Xomna.
DOKCrepUMEHTaJIbHbIE JaHHBIE M D3JIEMEHTapHas TEOpHUsS IIEJIOYMCICHHOTO KBAaHTOBOIO 3(dexra
Xomna. IporskeHHBIE U JIOKAJIM30BaHHBIE COCTOSTHUA. VIcTonp30Banne KBAaHTOBOTO ddekra Xoiia
B MeTposioruu. JIpoOHbIii KBaHTOBEIN A dekT Xoa.

12. OnTHYecKue U AMEKTPOONTUYECKHE MTPOLIECCH B KBAHTOBBIX T€TEPOCTPYKTYypax

OnTHyeckne CBOMCTBAa KBAaHTOBBIX SIM M CBepXpeleTok. ONTHYECKHe XapaKTePUCTHKU KBAaHTOBBIX
TOYEK ¥ HAaHOKPUCTAJUIOB. MeTO/bI BRIpAIMBaHHUs HAHOKpUCTATOB. CaMOOpraHu3aiysi KBaHTOBBIX
ToYeK. Dnekrpoontudeckue 3QpQeKTsl B KBAHTOBBIX Toukax. KBaHTOBO-pazmepHbIil dddext [Tapka.
Onexrpoontrdeckue 3hhexTsl B cBepxpemerkax. Jlectauipl [ltapka n ocimmuisiiun bioxa.

13. DneKTpoHHBIE U ONTOZJIEKTPOHHBIE YCTPOWCTBA HA OCHOBE HAHOCTPYKTYP

MonynsonHo-JerupoBannbie nojiesbie Tpan3uctopsl (MODFET ). BunonspHbie TpaH3UCTOPHI Ha
rereponepexofax. Pe3oHaHCHBIA TyHHeNbHBIH 3(Q¢exT. TpaH3uCTOpbsl Ha TrOpsSYMX 3JICKTPOHAX.
TpaH3uCTOpBI ¢ PE30HAHCHBIM TyHHEIMpOoBaHUEM. OAHORIEKTPOHHbBIE TPAH3UCTOPHI.

Jlazepbl na NONMyNpOBOAHUMKOBBIX rerepornepexofax. Jlaseppl Ha MOJIYNPOBOAHUKOBBIX KBaHTOBBIX
smax. [loBepxHOCTHBIE J1azepsl ¢ BepTUKaNIbHBIM pe3oHaropoM (VCSEL). Jlazepsl Ha HampsKEHHBIX
CTPYKTypax C KBaHTOBBIMHU siMaMHU. Jla3zepbl Ha KBaHTOBBIX TOYKaX. DOTONETEKTOPH HA KBAaHTOBBIX
sMax U cBepxpemerkax. POTOAETEeKTOpHl Ha MOA30HAX KBAHTOBBIX sIM. JlaBHHHBIE ()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, M3y4yalOM{ AWCUUIUIMHY, NOJDKEH C OJHOM CTOPOHBI, OBJAAETh OOIIMM IMOHSITHUHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyUUThCs IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pe3yabTaTe MU3Yy4YCHUSA AUCHUIIIIMHBI CTYACHT HOJDKCH 3HATh OCHOBHBIC OIPCACICHHA W IIOHATUA
AUCHUIUIMHBI, YMCTb HPUMCHSTH IMOJTYYCHHBIC 3HAHUA IJId PCHICHUA PA3JIMYHbIX 3a1a4y.

YcnemHoe 0cBOCHUE Kypca TpeOyeT:

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

— HANPSHKEHHOW CaMOCTOSTEILHOM PaOOTHI CTY/ICHTA.

CamocrosTenbHast padoTa BKIIFOUAET B CeOs:

— YT€HHE PEKOMEHIOBAHHOU JTUTEPATYPHI;

- npopa60TKy yqe6H0r0 Marcpuajia, MIOAroTOBKY OTBCTOB Ha BOIPOCHI, MNPCAHA3HAYCHHBIX JIA
CaMOCTOSATEJIIbHOI'O U3YUCHUS

— pellieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUSX;
— IIOATOTOBKY K BBIINOJIHEHUIO 3aJaHUM TEKYLIEH U IPOMEKYTOUHOM arTeCcTaluu.

ITokazareneM BiajieHUs MaTepPHAJIOM CIIYKUT yMEHHE Oe3 KOHCIEKTa OTBEYaTh Ha BOIIPOCHI 110 TEMaM
JUCIUTUINHEI.

BaxxHo noOuThCcA MOHMMaHMS M3y4aeMOTo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaTrhCsi 3a KOHCYJIBTALUSMH K
[IPENoJaBaTeo.



Bo3mokeH mpoMekyTO4HBIH KOHTPOJIb 3HAHUH CTYAEHTOB B BUJE PEIICHHUS 3a7ad 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

KBAJM(PUKAIMA: 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

Kon 1 HauMeHOBaHME KOMIIETEHIINH NHIuKaToOpbl JOCTHKEHNUS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpopManrio 00 aKTyalbHBIX pe3yJbraTax UCCIeI0BaHUN
[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

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

3HATh:
[J coBpeMeHHbIC IPOOIEMBI U 3aj1a49u B 001aCTH (PU3UKH TBEPIOTO TeENa;
[/ NPHUHIMITEI CO3JAHUSI HAHOAJIEKTPOHHBIX YCTPOHCTB;
[l 0coOeHHOCTH (PyHKIHMOHAIBHBIX XapaKTEPUCTHK HAHONIEKTPOHHBIX YCTPOWCTB B CPaBHEHHH C
MUKpPO3JIEKTPOHHBIMU YCTPOWCTBAMH;
[J mocTaHOBKY IpobieM QU3NKO-XUMHUYECKOTO MOJICIIMPOBAHYIS;
(] 0 B3aMMOCBS3SIX U ()YyH/JIaMEHTAIBHOM CJMHCTBE €CTCCTBEHHBIX HaYK.
yMeThb:
[l 3¢ ¢eKTUBHO UCTIONB30BaTh HA MPAKTHKE TEOPETHYECKNE KOMIOHEHTHI HAYKH: TIOHATHS, CYXKICHHS,
YMO3AKITIOUCHUS, 3aKOHBI;
[l mpeacTaBUTh HAaHOPaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHNS;
[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;
[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX
CUTYALIUii;
[l IIaHUPOBATh ONTHUMAJIBHOE MIPOBEICHUE SKCIIEPUMEHTA.
BJIA/1eTh:
[J TIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3MUECKOTO IKCIIEPUMEHTA;
[l HaBBIKAMH CaMOCTOSITEIILHOI paboThl B JTaOOpaTopud Ha COBPEMEHHOM SKCIIEPHMEHTaIbHOM
000pyIOBaHUY;
[l MareMaTHYeCKUM MOJICTHPOBAHHEM (PH3MYCCKHX 3a/ad.

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

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBIfI OorpocC 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) llpuHnun mNOCTPOEHHUSI cHCTEM O0pabOTKM curHanoB. KOHCTpyHpOBaHHE «CBEPXY-BHH3» U
«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) bBannmuctuueckuii TpaHcmopT Hocutened 3apsipa. llogBmwkHocTh 3apsaoB. TyHHeIHpOBaHUE
HOCHTEJIEH 3apsaa.

12) Meroasl (GOPMUPOBAHUS HAHONIEKTPOHHBIX CTPYKTYp, OCHOBAaHHbIE Ha HCIIOJIb30BAaHUU
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) Hampspxennble ciou. BrnusiHue HanpsbkeHUN Ha BAJIGHTHYIO 30HY. 30HHAs! CTPYKTypa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuIn3aui aTOMOB yIIIEpoa.

18) MHoOrocTeHHble M OAHOCTEHHbIE YIVIEPOAHBIC HAHOTPYOKH, GyuiepeHsl MU (y/UIepEeHOBbIE
MOJIMMEPBI, HaHOrpaduT, HaHOAIMa3 W aMOpQHBIC aJIMa30NONOOHbBIE IJICHKH, YIJIEPOAHBIE 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) Ilpomecc TPOAOIHHOTO TEPEHOCAa B  HAHOCTPYKTYpaX B  DJJEKTPUUECKUX  MOJIAX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepevHbIX MEKTPUUECKUX MoJIe Ha CBOKWCTBA 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 ommyHo 10 OamoB - BBICTABJISIETCSL  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMSA Y4eOHOW NporpamMMbl IUCHUIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JJaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
INPUMEHATh X Ha NPAaKTHKE MPU PeIIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELIECHU.

Onenka omaMuHO 9  OaloB -  BBICTABISIETCS  CTYHOCGHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHON IMPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NMPH PELICHUH KOHKPETHBIX 3a7a4, CBOOOJHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.

Ouenka ommmuHO &  0GanoB - BBICTaBJsIe€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHUCTEMaTH3UPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW HpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
INPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 000CHOBAaHHE MPUHSTHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.



OHGHKa XOopouro 77 0aNoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HACT MATCpUall, rpaMOTHO U I10
CylmIeCTBY H3Jiarac€t €ro, yMeCcT NPUMCHATH IIOJIYUCHHBIC 3HAHWA Ha IMPAKTUKE, HO HEAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThL.

Ouenka xopouro 6 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U TI0
CYILLECTBY M3JIAaraeT €ro, yMeeT MPUMEHATh MOJIYYEHHbIC 3HAHUS HAa MIPAKTHKE, HO JOIYCKAET B OTBETE
WM B PELIEHUH 3a7jad HEKOTOPble HETOYHOCTH.

OHGHKa XOopo1Io 5 0alloB - BBICTABIISIETCSA CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MATCcpUall, rpaMOTHO
" IO CYHICCTBY H3JIaracT €ro, yMeeT NPUMCHATH IMOJYUCHHBIC 3HAHUA Ha IIPAKTHUKE, HO JOIIYCKAcT B
OTBCTC WJIM B PCUICHUHU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OneHka yIOBIETBOPUTENHHO 4 Oajia - BBICTABISIETCS CTYACHTY, IMOKa3aBIIeMy (parMEHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapyLIeHHs JJOTHYECKON MOCIIEN0BATEILHOCTH B U3JIOKEHUH MPOrPaMMHOTO MaTrepuaia, HO IPU 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jieiibl yueOHOW NMpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEeHIIero oOy4eHus, U
MOJKET MIPUMEHSTH MOJy4YeHHbIE 3HAHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.

OreHka yIOBIETBOPUTEIBHO 3 0ana - BBICTABISICTCS CTYICHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHH,
HapyLICHUS JIOTHYECKOW IOCIEeIOBAaTEIbHOCTH B M3JIOKEHUH IPOTPAMMHOTIO Marepuaia, ciabo
BJIaJICET OCHOBHBIMH pa3JieiaMH y4eOHOH MpOorpaMmbl, HEOOXOIMMBIMH JUIsl AabHEHIIero o0yueHus u
C TPYAOM MIPUMEHSET MOJTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

O1reHKa HEYOBJIETBOPUTEIBHO 2 Oana - BBICTABISCTCS CTYICHTY, KOTOPBIA HE 3HAeT OOJbIICH 4acTH
OCHOBHOTO COZEp)KaHUsl Y4eOHOW IpOrpaMMbl JUCHHIUIMHBI, JIONMYCKaeT TIpyOble OMMOKH B
(bOpMyITHPOBKaX OCHOBHBIX NPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THIIOBBIX 33]1a4.

OueHKa HEyHIOBIETBOPUTEIBHO | 0an - BBICTAaBIAETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITupoBKax
0a30BBIX HOHATHH JUCLHUILIMHBI U BOOOIIE HE MMECT HAaBBIKOB PEIICHHS THUIIOBBIX IMPAKTHYECKUX
3ajad.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1K) oNbITA AESITEILHOCTH

[Tpu npoBenennu yctHoOro auddepeHnpoBaHHOro 3aueTa o0y4aronemMycs npenocrasisiercst 30 MUHYT
Ha moarotoBky. Ompoc oOydvaromierocss mo Owiery Ha ycTHOM auddepeHmHpoBaHHOM 3aveTe He
JOJDKEH TPEBHIATh OHOTO aCTPOHOMHYECKOTO Jaca.



