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1
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[Iporpammy cocrtaBui: C.I' byra, a-p ¢u3z.-mar. Hayk

[Iporpamma obcyxneHa Ha 3acefjanny Kadeapbl GU3UKU U XUMHH HaHOCTPYKTYp 29.05.2020

duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC



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 (PYHKIMOHANBHBIX XapaKTEPUCTUK HAHOIJIEKTPOHHBIX YCTPOHCTB B CpPaBHEHHH 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

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

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

[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIEI0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
uHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
paMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
JEATEIEHOCTH

[IK-1.2 CnocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLICHUBATh KAYECTBO pa3padoTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThdueckne W (W)
JKCIIEPUMEHTAJIbHBIE METOIbl MCCIEJOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaTh

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHHUILIHHE (MOIYJII0)
B pesynberare ocBOCHMS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETB:

[J coBpeMEeHHbIC IPOOIEMBI U 3a1a4u B 001aCTH (PU3UKH TBEPIOTO Tea;
[/ NPHUHIMITEI CO3JaHUSI HAHOAJIEKTPOHHBIX YCTPOHCTB;

O
MHKPODJIEKTPOHHBIMHU YCTPOMCTBAMH;

0COOCHHOCTH (YHKIIMOHAJIBHBIX XapaKTEPUCTUK HAHOZIEKTPOHHBIX YCTPOWCTB B CPAaBHEHHHU C

[J mocTaHOBKY IpobieM QU3NKO-XUMHUYECKOTO MOJICIIMPOBAHYS;
(] 0 B3aMMOCBS3SIX U ()YyH/JIaMEHTAIBHOM CJMHCTBE €CTCCTBEHHBIX HayK.

[l a¢pdexTHBHO HCIONB30BATh HA MPAKTHKE TEOPETHUECKHE KOMIIOHEHTHI HAyKH: OHATHS, CYKICHUS,

YMO3AaKJIKOYCHHNA, 3aKOHBI;

[J mpexncraBuTh NaHOPaMy YHHUBEPCAJIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTE€CTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYyIOBaHUU;

0
CUTYALIUii;

abCcTparnpoBarhCsl OT HECYIIECTBEHHBIX BIMSHUM NPU MOJECIMPOBAHHM PEAIbHBIX (PU3NUECKUX

[J maHMpOBATh ONTHUMAJIBLHOE IPOBEIEHUE IKCIIEPUMEHTA.
BJIaJIETh:

[J TIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3MUECKOTO IKCIIEPUMEHTA;

0
000pyIOBaHUY;

HaBBIKAMH CaMOCTOSTCILHOM pa60TBI B na6opaT0pHH Ha COBPCMCHHOM 3JKCICPUMCHTAJIBHOM

[] mMareMaTu4eCKUM MOACIIUPOBAHUCM (1)I/I3I/I"ICCKI/IX 3aaay.

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 " 4
HAHOTEXHOJIOTUU
[TnanapHas HOJIYTIPOBOJJHUKOBAS
2 TEXHOJIOT U - JOCTUKEHUS u 4
OrpaHUYEHUS




3 OOopynoBaHue Ui HCCIEIOBaHUN B 4
HaHO— U MUKPO3JIEKTPOHUKE
4 MonekynsipHast 2IEKTPOHUKA 4
5 HanoctpykrpupoBaHHbie 4 15
JIEKTPOHHO-OIITUYECKUE CPEbI
6 Pasmepnbie 3ddexTel B MeTamuiax 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 JIEKTPOONTUYECKUE
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
[TpuHIMIBI TOCTPOCHUS cUCTEM 00paboTKM curHaioB. KoHCTpyHpoBaHHE «CBEPXy-BHHU3» U «CHU3Y
—BBepx». KBaHTOBO-MEXaHWYECKask KOTEPEHTHOCTh. KBaHTOBBIE SIMBI, IPOBOJIOKH M TOUKH.

2. HnaHapHaﬁ NOJIYIIPOBOAHUKOBASA TCXHOJIOTHUA — JOCTUXKCHUSA U OTPAHUYCHUA

OO030p COBpEeMEHHBIX JOCTIDKCHHH B 00JACTM MUHHMATIOPU3ALMU AJIEKTPOHHBIX YCTPOMCTB,
OCHOBHBIX IPO0OJIEM, CBSI3aHHBIX C JAJIbHEUIIMM YMEHBIICHUEM UX XapakTepHBIX pa3MepoB. 3ajadu
U MIpaKTH4ecKre TpeOoBaHMs, IPEIbsBIseMble K MUKPO- 1 HAHORJIEKTPOHHBIM yCTPOICTBaM.

3. Ob6opynoBaHue JJisi UCCIEIOBAHUN B HAHO— U MUKPOJJICKTPOHUKE

ABTOAMUCCHOHHBIC DJJICKTPOHHBIE MHKPOCKOIIBI Ha 0a3e dnekTpoHHOH kojoHHBl GEMINI.
JIBynyuyeBble MHKPOCKOIBI C HOHHOH KoJOHHOW. HanomaHumynatopsl. 30HOOBBIE MHUKPOCKOIBI:
TYHHEJIbHbIE, aTOMHO-CHJIOBBIE, ONITHYECKUE MUKPOCKOIIBI OJIMKHETO 1MoJst. BeICOKOUyBCTBUTENbHBIE
puOOPHI U3MEPEHUS INEKTPUUIECKUX CBOMCTB ceMeiicTBa Kethley.

4. MonekynspHas 2J1€KTPOHUKA

MornekynsipHble HOHOPBI M aKLENTOpbl ANeKTpoHOB. HenuneitHpie BAX U aKTHBHBIE 3JI€MEHTHI
MOJIEKYJIIPHOM 3NIeKTPOHUKH. Jlorndyeckre aneMeHTsl. CONUTOHBI B TPAHCIIONHUAIIETHUIICHE.



MornekynsipHasi mMaMsiTh Ha OCHOBE Oelika OaKTepHOpOJONCHHA. DIEKTPOHHO-KOH(GOPMAIMOHHEIE
nepexonsl. [lepekiroyaronipecss 3IEMEHTHI Ha OCHOBE MOJICKYJ pOTaKcaHa W XHPOITHICHA.
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 peakurOHHO-TU(PY3MOHHBIE Cpeasl M cpeactBa 00paboTku  HH(pOpMAIUH.
HetipocereBas apxurektypa. Cpenbl Thmna benoycoa-XKabotunckoro . Peakiimonno-nudy3noHHbIH
poreccop: OCHOBHBIE MPUHIIUIIBL. Ob6pabotka n300paskeHU cpenaMu 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 COCTOSIHMIM M Pa3MEPHOCTb CHUCTEMBI. J[BIDKEHHE HOCHUTENEH 3apsiia B JJIEKTPUUYECKOM
nosne. bammucrnueckuii Tpancnopr Hocutenei 3apsaa. [loaBuxHocTe 3apsnoB. TyHHenupoBaHue
HocuTenel 3apsga. CBoOomHass HOBEpXHOCTb M Mek(paszHble TrpaHulbl. [lomynmpoBOIHUKOBEIE
reTepocTpyKTypbl. KBaHTOBBIE IIpOLIECCHI IEPEHOCA.

7. Metozpl OpMHPOBAHUST HAHOATEKTPOHHBIX CTPYKTYP

XuMHYecKoe OCaxkJeHHe w3 ra3oBod (as3pl. MonekynspHO-Ty4yeBas OdUHUTaKCUs. MeTolbl,
OCHOBAHHBIE Ha WCIIONB30BAHUM CKAHMPYIOIMMX 30HAOB. POKYCHPOBAHHOE HOHHOE TpAaBIICHHE.
JlokajbHOE OKHCIEHHE METajuloB U IIOIYIPOBOAHMKOB. JIOKaJbHOE XMMMUYECKOE OCAKICHHUE W3
ra3oBoil ¢aszsl. Hanomutorpadus. DnexrponHo-nyuesas nutorpadus. [IpodunupoBanue peznctos
CKaHupyomMu  3oHzamu.  Hanomewars.  [leppeBast ~ Hanonurtorpagus.  CamocOopka.
Camoopranuzauus B 00beMHbIX Marepuanax. Camoopranuzauus npu snurakcuu. GopmupoBanue
KBAaHTOBBIX TOYEK IIOCPEICTBOM CaMOOpraHuM3aluu Ipu snurakcud. OcaxkaeHue 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.
[NapabGonuueckasi MOTeHUUANbHAS siIMa. TpeyroyibHas MOTeHIUalbHas AMa. KBaHTOBBIE MPOBOJIOKH.
KsanroBble Touku. Hampsbxkensble ciou. BinsHue HanpsbkeHMH Ha BaJIeHTHYHO 30HY. 30HHas
CTPYKTYpa B KBAaHTOBBIX sIMax. DKCUTOHHBIE 3((PEKThl B KBAHTOBBIX SIMAX.

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

CnocoObl  rHOpHUAM3aMM  aTOMOB yriepoAa. MHOTOCTEHHbIE M OJHOCTEHHBIC YIJIEPOJAHBIE
HaHOTPYOKH, (ymiuepeHsl W (Qy/JIepeHOBbIE IOJMMEPBI, HaHOrpaduT, HaHOaIMa3 W aMopQHbIE
aJIMa30110100HbIE MJICHKU, OHUOHBI, YIJIEPOJHbIE U a30T-YINIEPOHbIE HAHOBJIOKHA. ABTO3JIEKTPOHHAS
SMHUCCHSl YIVIEPOIHBIX HAHOCTPYKTyp. IIpuMEeHEHHMs XOJOAHBIX HAHOYDIEPOOHBIX KaTOIOB.
Hanoyrneponnsie ceHcopsl razoB. I'padeHOBBIE HaHOAIEKTPOHHBIE ycTpoiicTBa. HaHoyrieposnble
OTpaHUYUTENN ONTHYECKON MOITHOCTH, IPEPHIBATEIH.

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

Crpykrypsl moneBsix MOII-tpansuctopoB (MOSFET). T'ereponepexonpl.  I'erepomepexonsl ¢
MOIYJIMPOBAaHHBIM JIeTHpoBaHUeM. HampspkeHHbIE TeTepocTpyKTypbl Ha ocHoBe SiGe. KBaHTOBBIE
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. MexXaHM3MBI pPACCEesIHUS SJIEKTPOHOB. ODKCIEPUMEHTAIbHbBIE JAHHBIC II0
PONOJIBHOMY TniepeHocy. lIpofonbHBI NIEpeHOC ropsdux 3JIeKTpoHOB. llomepeunslil mepeHoc.
Pe3onancHoe TyHHenMpoBaHHWE. BrusHHME TMONEpPEYHBIX DHICKTPUUYECKUX TMOJIeH Ha CBOWCTBA
cBepxpenietok. KBaHTOBBIII mepeHOC B HaHOCTpyKTypax. KBaHToBas mpoBoguMocts. Dopmyna
Jlannayspa. @opmyna Jlammayspa — bBroTTHkepa Uit KBaHTOBOTO IIEPEHOCA B MHOTO30HIOBBIX
cTpykrypax KymonoBckas Grmokaza.

BozgeiictBue MarHUTHOro mojsi Ha KpucTajuibl. [loBeneHHe CUCTEM MOHMXEHHOW pa3MEpHOCTH B
MarHUTHBIX MOJSIX. [IMOTHOCTH COCTOSIHMI NIBYMEpHBIX CHCTEM B MAarHUTHBIX MOJSX. DQdekxt
AponoBa — boma. Dddexr UlyonumkoBa — ge laaza. KsantoBbni 3¢ddexr Xomna.
OKCrepUMEHTaJIbHbIE JaHHBIE W D3JIEMEHTapHas TEOpHUs IIEJIOYMCICHHOTO KBAaHTOBOIO 3(dexra
Xomna. IlporskeHHBIE M JIOKAJIM30BaHHBIE COCTOSTHUA. VIcTonp30BaHne KBAaHTOBOTO d(derra Xoiia
B MeTposioruu. JIpoOHbIii KBaHTOBBIN dddekT Xoa.

12. OnTHuecKue U AMEKTPOONTUYECKHE MTPOLIECCH B KBAHTOBBIX T€TEPOCTPYKTYpax

OnTHyeckue CBOMCTBAa KBAaHTOBBIX SIM M CBepXpeleTok. ONTHYECKHe XapaKTePUCTUKU KBAaHTOBBIX
TOYEK ¥ HAaHOKPUCTAJUIOB. MeTO/bI BBIpAlIMBaHHUs HAHOKpUCTAUTIOB. CaMoOpraHu3aiysi KBaHTOBBIX
ToYeK. Dnekrpoontudeckue 3QpQeKTsl B KBAHTOBBIX Toukax. KBaHTOBO-pazmepHbiil dddekt [Tapka.
Onexrpoontryeckue 3¢hhexTsl B cBepxpemerkax. Jlectaups [ltapka n ocimsuisiiun biioxa.

13. DneKTpoHHBIE U ONTOZJIEKTPOHHBIE YCTPOWCTBA HA OCHOBE HAHOCTPYKTYP

MonynsiroHHO-JerupoBannbie nojiesbie Tpan3uctopsl (MODFET ). BunonspHbie TpaH3UCTOPHI Ha
rereponepexofax. Pe3oHaHCHBIA TyHHeNbHBIH 3(Q¢exT. TpaH3uCTOpHl Ha TrOpsSYMX 3JICKTPOHAX.
TpaH3uCTOpBI ¢ PE30HAHCHBIM TyHHEIMpOoBaHUEM. OAHORIEKTPOHHbBIE TPAH3UCTOPHI.

Jlazepbl na NOMyNpOBOAHMKOBBIX rereponepexofax. Jlaseppl Ha MOJIYNPOBOJAHUKOBBIX KBaHTOBBIX
smax. [loBepxHOCTHBIE J1azepsl ¢ BepTUKaIbHBIM pe3oHaropoM (VCSEL). Jlazepsl Ha HampsKEHHBIX
CTPYKTypax C KBaHTOBBIMHU siMaMHU. Jla3zepbl Ha KBaHTOBBIX TOYKaX. DOTONETEKTOPH HAa KBAaHTOBBIX
sMax U cBepxpemerkax. POTOAETEeKTOpHl Ha MOA30HAX KBAHTOBBIX sIM. JlaBHHHBIE (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, 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)

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

Kon 1 HanmMeHOBaHUE KOMIICTEHIIUH WNHAMKATOPBI JOCTHIKEHHSI KOMIIETCHIIN

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pelath 3a1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CrnocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOMTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3yYaeMbIX SBJICHUH U MPOILIECCOB, CHCTEMHO  |SIBJICHHI M MPOIIECCOB, OICHUBATH KAUECTBO pa3paboTaHHOU
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
IKCIICPUMCHTAJILHBIC METOMbI MCCIICIOBAHUN K KOHKPETHOMN
HAy4YHOW 3aJa4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3ybTaThl

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

3HATh:
[J coBpeMeHHbIC IPOOIEMBI U 3a1a4u B 001aCTH (PU3UKH TBEPIOTO TeENa;
] NPHUHIMITEI CO3JaHUSI HAHOAJIEKTPOHHBIX YCTPOHCTB;
[l ocoOeHHOCTH (YHKIMOHAJIBHBIX XapaKTEPHUCTUK HAHOIEKTPOHHBIX YCTPOWCTB B CPAaBHEHHU C
MUKPOIJIEKTPOHHBIMU YCTPOWCTBAMH;
[J mocTaHOBKY IpobieM QU3NKO-XUMHUYECKOTO MOJICIIMPOBAHYIS;
[] 0 B3aMMOCBS3SIX U ()YH/JIaMEHTAIBHOM CJMHCTBE €CTCCTBEHHBIX HayK.
yMeThb:
[l a¢pdexTHBHO HCIONB30BaTh HA MPAKTHKE TEOPETHUECKHE KOMIIOHEHTHI HAyKH: IOHATHS, CY)KICHUS,
YMO3aKJIIOUCHUS, 3aKOHBI;
[l mpeacTaBUTh IAaHOPaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;
[l abcTparnpoBarhCsi OT HECYIIECTBEHHBIX BIMSHUM NPU MOJECIMPOBAHHM PEAIbHBIX (PU3NUECKUX
CUTYALIUii;
[l IIaHUPOBATh ONTHUMAJIBHOE MIPOBEICHUE SKCIIEPUMEHTA.
BJIA/1eTh:
[J TUIaHUPOBAHUEM, TIOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3NUECKOTO IKCIIEPUMEHTA;
[]  HaBBIKAMH CaMOCTOSTEILHOW paboThl B J1TaOOpaTopuM Ha COBPEMEHHOM JKCIEPUMEHTAIILHOM
000pyIOBaHUY;
[l MareMaTHYeCKUM MOJICITHPOBAHHEM (PH3HYCCKHX 3a/ad.

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

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marceprajia InpoOBOAUTCH YCTHBIfI OorpocC 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) llpuHnun mNOCTPOEHHUS cHCTEM O0pabOTKM curHanoB. KOHCTpyHpOBaHHE «CBEPXY-BHH3» U
«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) bBannmuctuueckuii TpaHcmopT HocuTened 3apsipa. llogBmwkHocTh 3apsgoB. TyHHeIHpOBaHUE
HOCHTEJIEH 3apsaa.

12) Meroasl (GOPMUPOBAHUS HAHONIEKTPOHHBIX CTPYKTYp, OCHOBAaHHbIE HAa HCIIOJIb30BAaHHU
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) Hampspxennble ciou. BrnusiHue HanpsbkeHUN Ha BAJIGHTHYIO 30HY. 30HHAs! CTPYKTypa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuan3anuy aTOMOB yIIIEpoa.

18) MHoOrocTeHHble M OJHOCTEHHbIE YIVIEPOAHBIC HAHOTPYOKH, yuiepeHsl MU (y/UIepEeHOBbIE
MOJIMMEPBI, HaHOrpaduT, HaHOAIMa3 W aMOp(QHBIC aJIMa30NONOOHbBIE IJICHKH, YIJIEPOAHBIE 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) Ilpomecc TPOAOIHHOTO TEPEHOCA B  HAHOCTPYKTYpaX B  DJJEKTPUYECKHX  MOJISX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX MEKTPUUECKUX MoJIe Ha CBOKWCTBA CBEpXpelieToK. KBaHTOBBINM 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 OamoB - BBICTABJISIETCSL  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JTaHHOW NPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYCCKH
MPUMEHATh X Ha NPAaKTHKE IPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U NMPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELIECHU.

Onenka omaMuHO 9  OaloB -  BBICTABISIETCS  CTYHOCHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSATh UX Ha MPAKTHKE NP PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U IPaBUIbHOE 0OOCHOBaHHE
HPUHATHIX PELICHAMN.



Ouenka ommmyHo & Oayos - BBICTaBISIETCS  CTYACHTY, IIOKa3aBLIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TTyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHHUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHSTh MX Ha MPAKTHKE IPH PELICHHH KOHKPETHBIX 3aj]ad4, IPaBUIbHOE 000CHOBAaHHE TPHHSTHIX
pelIeHn i, ¢ HEKOTOPBIMU HE0UeTaMHu.

Ouenka xoporo 7 6anoB - BBICTAaBISIETCS CTYACHTY, €CJIH OH TBEPAO 3HAET MarepHall, rPaMOTHO U IO
CYIIECTBY H3JIaraeT €ro, ymMeeT NPUMEHSATh IOJYYCHHBbIC 3HAHUS Ha TPAKTHKE, HO HEIOCTATOYHO
IpaMOTHO 00OCHOBBIBAET MOJTYYCHHBIE PE3YJIbTATHI.

Omenka xopomro 6 06ajoB - BHICTABISIETCS CTYACHTY, €CIIM OH TBEPIO 3HAET MaTepHa, rPaMOTHO U IO
CYLIECTBY M3JIaraeT e€ro, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka Xoporio 5 0aoB - BHICTABIISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuaj, IPaMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIM B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka ynOBIETBOPUTENBbHO 4 Oajla - BBICTABISICTCS CTYIACHTY, IOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYILECHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO MPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeiibl y4eOHOW MPOTrpaMMBbl, HEOOXOAMMBIC [UIs NalbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHKa yIOBIETBOPUTENBHO 3 0aja - BBICTABISETCS CTYJACHTY, IOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYyCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3jeliaMy yueOHOW MpOorpaMMbl, HEOOXOMUMBIMHE JUIS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEy/IOBIETBOPUTEIBLHO 2 0ana - BBICTABISCTCS CTY/ICHTY, KOTOPBIA HE 3HAaeT OobIIei YacTu
OCHOBHOTO COJCpKaHUsl y4eOHOH MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS ITPU PEIICHUN
THUIIOBBIX 33]1a4.

OrneHka HEYHOBICTBOPUTENBHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUILUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYECCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

ITpu mpoBenennu yctHoro auddepeHupoBaHHOro 3aueTa odyyaromemycs npenocrasiusercs 30 MUHYT
Ha noaroroBky. Ompoc oOywaromerocsi mo Owiery Ha ycTHOM Aud@epeHuHHpOBaHHOM 3avyeTe He
JIOJKEH IMIPEBBIIIATH OJIHOTO aCTPOHOMHMUYECKOI0 yaca.



