MHUHHUCTEPCTBO OBPA3BOBAHUS 1 HAYKHM POCCUHMCKOM ®EJEPAIIMA
DenepajbHOE TOCYIAPCTBEHHOE OI0KEeTHOE 00pa3oBaTe/ibHOE YUpek/JIeHHe BbICIIero 00pa3oBaHus

«TOMCKHM TOCYJIAPCTBEHHBIN YHUBEPCUTET CUCTEM
YITPABJIEHWA N1 PAIMOSJIEKTPOHUKI»

(TYCYP)
YTBEPXIAIO
JlupexTop nenapraMmeHTa 00pa3oBaHuUs
II. E. Tposn
«_» 20

PABOYA A [TPOI'PAMMA JJTUCTIUTIJIMHBI
HanodekTpoHuka

VYpoBeHb 00pa3oBaHus: BbIcIee 00pa3oBaHue - fakajgaBpuaT

Hampasnenue noaroroBku / cneruaibHOCTh: 28.03.01 HaHOTEXHOJI0rMN U MUKPOCHCTEMHASI TEXHUKA
Hanpasnennocts (nmpoduis) / cnennanuzanus: HaHOTeXHOJIOIHU B 3JIEKTPOHNKE U MUKPOCHCTEMHOI
TeXHHKe

®opma o0ydeHus: OUHaA

@akynpreT: @IT, PakyabTeT JJICKTPOHHOM TEXHUKH

Kagenpa: @I, Kadeapa ¢pusnueckoii 3J1eKTPOHUKH

Kypc: 3

Cemectp: 5

YueOnsrit man Habopa 2018 roma

Pacnipenenenne pabouero BpemeHu

Ne Bunsl yaeOHOI A€ATEIBHOCTH 5 cemecTp Bcero Enununner
1 Jleknuu 18 18 4acoB
2 [IpakTryeckue 3aHATHA 18 18 4acoB
3 JlabopaTtopHbie pabOThI 16 16 4acoB
4 Bcero aynuTopHbIX 3aHATHN 52 52 4acoB
5 W3 HuX B MHTEpaKkTUBHON (hopme 18 18 4acoB
6 CamocrosrenbHas paboTta 56 56 4acoB
7 Bcero (6e3 sx3ameHna) 108 108 JacoB
8 [TonroroBka u ciava sK3aMeHa 36 36 4acoB
9 OO61mas Tpy10eMKOCTh 144 144 4acoB

4.0 4.0 3.E.

Dynanterr 5 canmecTn
IIOKyMEeHT MoAIcaH np(;,CTOIZ 3JIEKTPOHHOV MOATINCHIO
VHdbopmaius o Biagesblie:

OUO: [lenyriaHoB A.A.

HoisxkHOCTh: PekTop

Harta HO,Z[HI/IS&HI/IHZ 20.12.2001 7 Tomck 2018
VHUKaIbHBI IPOrPaMMHbIN KITI0Y:
c53e145e-8b20-45aa-9347-a5e4dbb90e8d
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PilCC.\l()TpCH&l 151 ()J()(’)peHLl Ha 3aCCJaHuM Kil(i)ﬁ:[pbl
nporokot Ne 91 ot «19 » 4 2018 1
JINCT COI'TTACOBAHU A

Pabouas mporpamma AUCIUIUIMHBI COCTaBJICHA C y4eTOM TpeOoBaHUHU (enepaabHOTO Trocynap-
CTBEHHOTO 00pa3oBaTeNbHOTO cTaHaapTa Bhiciiero oopazoBanus (CPI'OC BO) no HampaBiieHHIO MOATO-
ToBKH (crienmanbHOocTH) 28.03.01 HaHOoTexHOIOTMH W MHUKPOCHCTEMHAs TEXHUKA, YTBEPXKICHHOTO
06.03.2015 rona, paccMoTpeHa u ogo0peHa Ha 3aceqanuu kageapet DD« » 20 rona,
pOTOKOI No

PazpaboTuuk:

Houent Kadenpa pusnueckoii smek-
TpoHUKH (D) IO. B. Caxapos

3aBenyromuii odecrieunBaroen kag.
O] I1. E. Tposin

Pabouast mporpaMma qUCHUIIIMHBI COTJIacOBaHa ¢ (paKkyJIbTETOM U BhITyCKaromel kadenpoii:

Hexan ©@OT A. 1. Boponun
3aBenyromnuii BeITycKaroIen kag.

O5) I1. E. Tposin
OKCIEPTHI:

JlouieHT xadeapsl Gpusndeckoil d1ex-
TpoHUKH (D) N. A. Yucroenosa

3aBenyrouuii kadeapoi puznvecKoit
anekTpoHukH (D) I1. E. Tposin
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1. lean u 3aga4n AUCHUTLIHMHBI

1.1. lleau TUCUMIIAHBI
(bopMupoBaHUE TEOPETUUECKUX U MPAKTUYECKUX OCHOB, HEOOXOIMMBIX JIJISl pacuera, pa3paboTKu
U CO3/1aHUS 2JIEMEHTOB, IPUOOPOB U YCTPOWCTB M HAHORJIEKTPOHUKH, a TaKXKe AaJIbHEHIIero COBEpIIEH -
CTBOBAHHWs 3HAHUU ITyTEM H3YYEHHMs HAy4HO-TEXHMYKOHM JIMTEPATyphl MO JAHHOM WJIM CMEKHOW TE€MaTH-
KaM.

1.2. 3agaun IMCHMIIINHBI
—  UW3y4YCHHE 3aKOHOB (PM3UKH B HU3KOPA3MEPHBIX MOIYIPOBOIHUKOBEIX CTPYKTYpax, H3ydeHHUE
TEXHOJIOTUH M3TOTOBJICHHSI TIOJYIPOBOAHUKOBBIX T€TEPOCTPYKTYP, U3YUCHHE OCHOBHBIX KBAaHTOBBIX (-
(deKTOoB, JIeXkKAIUX B OCHOBE IPUOOPOB U YCTPOMCTB HAHOIICKTPOHUKH, U3YUEHUE CTPYKTYPHI M TIPUHIIU -
OB PabOTHI MPUOOPOB U YCTPONCTB HAHOAIICKTPOHHUKH.

2. Mecto mucuuniuebl B ctpykrype OIIOII
Huctunnuna «Hanosnexkrponnkay (b1.B.O/1.15) otHocuTes k 610Ky 1 (BapuaTtuBHAS 4acTh).
[TpenmiecTBYIOUMMHI AUCHUIUTHHAMH, (POPMUPYIOIIMMU HadaldbHbIE 3HAHUA, ABISAIOTCA: Baky-
YMHO-IUTa3MEHHBIE METO/IbI IIOJyYE€HHsI HAHOCTPYKTYp, Marepuaiibl 2J€KTPOHHONW TEXHUKH, TBEpIOTEINb-
Has anekTpoHuka, ®uszuka, Ousrka KOHACHCUPOBAHHOTO COCTOSHUS, XUMHSL.
[TocnenyromumMu AUCUUILNIMHAMU SBIIAOTCA: KBaHTOBasi 1 onTUYECKasl IEKTpOHUKa, Moaenupo-
BaHUE M MPOCKTHUPOBAHUE MUKPO- U HaHOcHCTeM, DHU3UKa TIIEHOUYHBIX HAHOCTPYKTYP.

3. TpeOoBaHus K pe3yJbTaTaM OCBOCHHS THCHUIINHBI

[Tponecc n3yueHus: AMCUUILIMHBI HApaBjieH Ha (JOPMUPOBAHUE CIEAYIOMINX KOMIIETCHIINH:

— OIIK-5 cnocoOHOCTBIO HCIOJIb30BaTh OCHOBHBIE MPHEMBbI 00paOOTKH U MPEICTABIECHUS IKC-
NEPUMEHTAJIbHBIX TaHHBIX;

— OIIK-7 cnocoGHOCTBIO YYUTHIBAaTh COBPEMEHHBIE TEHJICHIIMU PA3BUTUS AJIEKTPOHHUKH, U3ME-
PUTENBHON U BBIYMCIUTEILHON TEXHUKH, MHPOPMALIMOHHBIX TEXHOJIOTMH B CBOEH MpodeccruoHanbHON
JESTEIILHOCTH;

— TIK-1 cnocoOHOCThIO MPOBOAUTH (U3HKO-MATEMATHUECKOE MOJIEIHPOBAHUE HCCIIEITYEMBbIX
MIPOLIECCOB HAHOTEXHOJIOTUU M OOBEKTOB HAaHO- U MHUKPOCHCTEMHOM TEXHUKH C UCIOJIb30BAaHHEM COBpE-
MEHHBIX KOMIIBIOTEPHBIX TEXHOJIOTUI;

— TICK-1 cmocoOGHOCTBIO BiIa/IETh COBPEMEHHBIMUA METOJAMH pacueTa M MPOCKTUPOBAHUS U3/IE-
JMI MUKPO- Y HaHOZJIEKTPOHUKU U MUKPOCHUCTEMHOMN TEXHUKH, U3TOTOBJIEHHBIX C IPUMEHEHUEM HaHO-
TEXHOJIOTUM, CITOCOOHOCTHIO K BOCIPHUSATHIO, Pa3pabOTKe W KPUTHUUECKOW OIIEHKE HOBBIX CIOCOOOB WX
IIPOEKTUPOBAHHS;

B pe3ynbraTe u3ydeHus JUCIUIUIMHBI 00Yy4aOLUICs TOJKEH:

—  3HATh METOJbI HKCIIEPUMEHTAIBHOTO UCCIIEAOBAHMS TAPAMETPOB U XapaKTEPUCTUK MPUOOPOB
HAHORJICKTPOHHUKH Pa3IMYHOTO (PYHKIIMOHAIFHOTO Ha3HA4YeHUs; (PU3UKO-MATEMATHUECKUN ammapar JUis
pacueTa npubOPOB U YCTPOMCTB HAHOAJIEKTPOHUKH;

—  YMeTb IIPOBOJHUTDH UCCIICAOBAHHE MTAPAMETPOB U XapaAKTEPUCTHK MPUOOPOB HAHOAIICKTPOHUKH
pa3IMYHOTO (PYHKIMOHAIBHOTO HAa3HAYEHMS, MPOBOAUTH (PU3MKO-MaTeMaTHUECKH pacueT MpuOOpoB U
YCTPOICTB HAHORJIEKTPOHUKHY;

— BJaJeTh METOAMUKON MpOBEACHUS HCCIEAOBAaHUI MapaMeTpoB M XapaKTEPUCTUK MPUOOPOB
HAHOXJIEKTPOHUKU PA3IUYHOTO (PYHKUIHMOHAJIBHOTO HA3HAYEHUS; METOAMKON pacuera NpudOpoB U
YCTPOICTB HAHORJIEKTPOHUKHY;

4. O0beM IMCHUILIMHBI U BHAbI Y4eOHOI padoThl
OO01mast TpyI0eMKOCTh AUCIUILTHHBI COCTaBIsAeT 4.0 3a4eTHBIX €IWHUIIBI U MIPEJICTABICHA B Ta0JIH -

%264&11/1.1121 4.1 — TpyaoeMKOCTb JUCHUILINHBI
Bunel yueOHOI nesTenbHOCTH Bcero gacos Cemectpsl
5 cemecTp
AynuaTopHbIe 3aHATHS (BCETO) 52 52
Jlexuun 18 18
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[IpakTuyeckue 3aHATUS 18 18
JlaboparopHbie pabOTHI 16 16
W3 HuX B MHTEpaKTUBHOMN (hopme 18 18
CamocrositenbHas paboTa (Bcero) 56 56
[ToaroroBka K KOHTPOJIBHBIM paboTaM 6 6
BrinosiHeHrEe MHAUBUAYAIBHBIX 3aJaHUN 9 9
OdopmiieHre 0T4ETOB 110 JIA0OPATOPHBIM paboTam 10 10
[ToaroroBka k maboparopHbsiM paboTam 4 4
[TpopaboTka JIEKIIMOHHOTO MaTepuaia 18 18
[ToaroroBka K MpakTUUYECKUM 3aHATHUSIM, CEMUHApaM 9 9
Bcero (6e3 sx3amena) 108 108
Iloaroroska u ciaya sK3aMeHa 36 36
OO6miast Tpy1I0€MKOCTb, 4 144 144
3auetHble EauHunnl 4.0 4.0

5. ConepsxkaHue TUCHUILINHBI

5.1. Pa3znesnsl JuCHUILIMHELI 1 BUALI 3aHATHI
Paznensl AMCIUIIITMHBL U BUABI 3aHATUI PUBEICHBI B Tabmwmie 5.1.

Tabmuna 5.1 — Pa3gensl AUCHUIUIMHEL U BUABI 3aHATUH

= o = 2 @ c =
= z g s | 2¢ 5 3
? 3 s < S 2 0
Ha3Banus pa3nenoB AUCHUIIIMHBI i ® o, o, o 2 &5
= 5 = s s 0 ==
S, < < S % g
5 cemecTp
1 Benenue 2 0 0 2 4 OIIK-7, I1K-1,
I1CK-1
2 dusznyeckre 0CHOBBI HAHOZJIEKTPOHU- 4 6 0 8 18  |OIIK-5, OIIK-
KN 73 ITK-1 s
I1CK-1
3 Cnoco6bl hopMUPOBaHUST KBAHTOBO- 4 0 0 4 8 OIIK-5, OIIK-
pa3MEpHBIX HAHOCTPYKTYP 7, TIK-1,
I1CK-1
4 KBanroBble 3(h(heKThI 4 6 4 14 28 | OIIK-5, OIIK-
7, IIK-1,
I1CK-1
5 YcrpolicTBa HAHOAJIEKTPOHUKHU 4 6 12 28 50 |OIIK-5, OIIK-
7, ITIK-1,
I1CK-1
Hroro 3a cemectp 18 18 16 56 108
Uroro 18 18 16 56 108
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5.2. Conep:xanue pa3aejioB IMCHUILIHHBI (110 JTEKIIASIM)

CopeprkaHue pa3aesioB TUCIUTIINH (TI0 JIEKIUSIM) PUBEICHO B TabmuIie 5.2.

Tabmuua 5.2 — ComepkaHue pa3AenaoB TUCIUILIKH (TI0 JICKITHSIM)

HasBanus pasnenos

Coz[epncaHHe pa3aciioB AUCHUITIMHEI 110 JICKIUAM

TpynoeMKocCTsb,

q

dopMupyembie
KOMIIETEHIIUU

5 cemecTp

1 Beenenune

[IpeameT nucuuIuIMHbI U ee 3aaadu. OCHOBHBIC dTaITbI
HMCTOPUYECKOTO PA3BUTHSI HAHORJIEKTPOHUKHU U HAHO-
TexHoJoruu. CBS3b ¢ IPYTUMHU AUCIUTUTMHAME. 3a/1a-
9H Kypca.

[\

HUroro

OIIK-7,
[K-1,
IICK-1

2 ®u3nyecKke OCHOBEI
HAHOAJIEKTPOHUKHU

Bounst Jle bpoiina. KBantoBoe orpannuenue. Kean-
TOBO-pa3MepHbIe 00BEKTHI U X Kiaccudukarus. [1o-
JyTIPOBOJHUKOBBIE HAHOTETEPOCTYKTYpPbl. DHEPreTH-
YecKue AUarpaMMbl HAHOT€TPOCTPYKTYp. TpeboBa-
HUS, IPEABSBIISIEMBIE K HAHOTETEPOCTPYKTYpaM.
JBoitHble retepocTpykTypsl ([II'C). CBepxpererku.
[TonynpoBOJHUKOBBIE CBEPXPEIIETKU. Brasl cBepxpe-
LIETOK. DHEPTeTUYECKHUE IUarpaMMbl CBEPXPEIIETOK.
MuHHU30HBI. DHEPTETUUECKUN CIIEKTP AJIEKTPOHOB B
cBepxpemeTkax. CBONCTBA 3IEKTPOHHOIO Ta3a B
CBepXpelieTkax. BiusHue KBaHTOBOpa3MEPHBIX d-
(ekToB Ha CBOMCTBA BellecTBa. bannucTuueckuit
TPAHCIIOPT.

Htoro

OIIK-5,
OIIK-7,
TK-1,
MICK-1

3 Cnoco0sl
(dopmupoBaHus
KBaHTOBO-Pa3MEpPHBIX
HAHOCTPYKTYP

OO6mue mpuHIHIB HOPMHUPOBAHUS KBAHTOBO-pa3Mep-
HBIX CTPYKTYp. Onutakcus. DopmupoBaHue KBaH-
TOBO-Pa3MEPHBIX CTPYKTYP METOJIOM MOJIEKYJISIPHO-
nydeBoid snutakcuu (MJID). @opMupoBaHue KBaH-
TOBO-Pa3MEPHBIX CTPYKTYP METOJIOM XUMHUYECKOTO
OCaXKJICHUS U3 Ta30BOH (ha3bl METAJUIOOPTAHMYECKHIX
coemuaeHnit (MOCVD). ®opMupoBaHre KBaHTOBBIX
ssMm. DopMHUpOBaHNE KBAHTOBBIX ITPOBOJIOK (HUTEH)
TreOMETPUYECKUM U 3JIEKTPOHHBIM criocodom. Pop-
MUpPOBaHUE KBAaHTOBBIX TOUYEK. MeXaHu3M mpoiiecca
caMoopraHu3aluu npu GOpPMHUPOBAHUN KBAHTOBBIX
Touek. Pazmep u hopma octpoBkoB. BepTrukanbHbie
MacCHUBBI KBAHTOBBIX TOYEK.

Hroro

OIIK-5,
OIIK-7,
IK-1,
[ICK-1

4 KBantoBble 3(hPeKThI

2D-311eKTpOHHBIN ra3 B MarHuTHOM nofe. Llenounc-
JICHHBIN ¥ IPOOHBINM KBAaHTOBBIN Y ekt Xomra. Dd-
¢dext AapoHoBa-boma. Dddexr lTapka. KBanroso-
pasmepHbIii 2pdekr LlTapka B reTepoHaHOCTPYKTY-
pax ¢ KBaHTOBBIMH siMaMU. TyHHEIbHbIN 3¢ dekT. DP-
dexr JIxo3edcona. Kymonosckas Giokama. Kyimo-
HOBCKas OJIOKaJa ¢ OJJHUM TYHHEJIbHBIM IEPEXO/IOM.
KynonoBckast Giiokana ¢ IByMsl TYHHEIBHBIMH TIEpe-

OIIK-5,
OIIK-7,
TMK-1,
TICK-1
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XoaaMu. COTYHHCJ'II/IPOBaHI/Ie.

HUroro

5 YcerpoilictBa
HaHOAJICKTPOHUKH

[TpuGops! Ha pe30HAHCHOM TYHHEIUPOBAaHUH. J[10IbI
Ha PE30HAHCHOM TYHHEIHPOBaHUH. TpaH3UCTOPHI HA

PE30HaHCHOM TYHHEJIMPOBAHUU. Jlornyeckue anemMeH-
Thl HA PE30HAHCHO-TYHHENBHBIX Ipubopax. [Iprbdopsl

OIIK-5,
OIIK-7,
[K-1,
[ICK-1

Ha OJJHOJIEKTPOHHOM TYHHEJINPOBaHUU. OIHOAIIEK-
TPOHHBIN TpaH3UCTOP. OTHOAIEKTPOHHBIN Hacoc. OJ-
HODBJIEKTPOHHAs NaMsATh. YCTPOICTBA HA OCHOBE
cBepxpemeTok. MappakpacHbie GOoTONPHEMHUKH.
CBepxpeluleTku B JIa3epHBIX CTPYKTypax. KBaHTOBBIE
KackagHbIe Ja3zepsl. JlaBunabie hoToauo el OnTuye-
CKHE€ MOIYJIATOPBI. TpaH3UCTOPBI C BHICOKOM MOABHIK-
HocThto HEMT. O630p nmporpaMMHBIX CPEACTB JUIs
MOJICTUPOBAHUS IPUOOPOB M YCTPOUCTB HAHODJICK-
TPOHHUKH.

Hroro 4

Hroro 3a cemectp 18

5.3. Pa3nenbl JMCUMILIMHBI M MEXKIMCUMILIMHAPHBIE CBSA3H ¢ 00eceYuBAKIIMMH (NMPeAbl Ty IIUMHU)
U o0ecnieynBaeMbIMH (MOCJIETYIONIUMH) TUCHTUTIHHAMU
Pazaenbl qucHUIIMHBL U MEKIUCHUILTHHAPHBIE CBS3H C 00ECTICUUBAIOIIMMU (MIPEABIAYIIMMU) U
obecrnieunBaeMbIMHU (TTOCIIETYIONTUMHI ) AUCITUTUTMHAMHE TIPEJICTAaBICHBI B TabuIE 5.3.
Tabmuua 5.3 — Pazfenbl AUCHUIUIMHBI M MEXAMCIUIITIMHAPHBIE CBSI3U

Ne paznenoB jaHHON TUCHMIUINHEL, I KOTOPBIX
HEO0X0IMMO U3y4eHHEe 00ECTIeYMBAIOLIUX U
Hanmenosanme quCHUIIIMH 00eCIeYnBaeMBbIX TUCIIMTLIHH
1 2 3 4 5
[IpenmecTByromue TUCHUILIMHBL
1 BakyymHO-IIJTa3MEHHBIE METO/IbI ITOTyYe- n n n n n
HUSl HAHOCTPYKTYP
2 Marepuassl 371€KTPOHHOM TEXHUKHU + + +
3 TBepaoTenbHast NEKTPOHUKA +
4 ®dusuka +
5 ®ur3uKa KOHIEHCUPOBAHHOTO COCTOSHUSA +
6 Xumus
[Tocnenyromue TUCHUIIIMHBL

1 KBaHToBasi u onTHYECKas HIEKTPOHUKA + + + + +
2 MonenupoBaHue U IPOEKTUPOBAHNE MU- 4 . . . .
KpO- 1 HAHOCUCTEM
3 ®u3uKa IICHOYHBIX HAHOCTPYKTYP + + +

5.4. CooTBeTCcTBHE KOMIIETEHINI, (POPMHUPYEMBIX IPH H3YYCHUHU AUCUMIIMHBI, 1 BUA0B 3aHATHI
CooTBeTcTBHE KOMIETEHIUH, (POPMUPYEMBIX MpPHU HM3YYEHUH IUCIUIUIMHBI, ¥ BHUIOB 3aHATHA
npezcTaBiIeHo B Tabmuue 5.4.
Ta6muma 5.4 — CoOTBETCTBHE KOMIIETEHIINN, (DOPMUPYEMBIX TIPU M3YUYECHUH JAUCIUTUINHBI, U BUIOB 3aHS -
TUH

Bunel 3anaTHI DopmMBbl KOHTPOJIS
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Jlek.

[Ipak. 3an
JIa6. pao.

Cawm. pa0.

Eq Kommerenmmn

o

+

+ KonTposnbHas pabota, OT-
YeT MO0 UHIUBUIYATHHOMY
3aJIaHnI0, DK3aMeH, 3alnTa
ordera, OTder 1o sadbopa-
TOpHOM pabote, Onpoc Ha
3aHATHAX, Tect

OIIK-7 +

+ KonrtposnpHnas pabora, Ot-
YeT [0 MHIUBUIYaTbHOMY
3aJ]laHuI0, JK3aMeH, 3aluTa
oryera, OTYer 1o jadbopa-
TOpHOH padote, Onpoc Ha
3aHATHAX, TecT

[IK-1 +

+ KonTponbhas pabota, OT-
YeT [0 UHIUBUYaTbHOMY
3aJ]aHuI0, JK3aMeH, 3aluTa
otuera, OTuer no abopa-
TOpHOH pabdoTte, Onpoc Ha
3aHATHAX, TecT

[1CK-1 +

+ Kontponsnas padora, OT-
4eT [0 UHIUBUIYaTbHOMY
3aJaHuI0, JK3aMeH, 3almTa
otyeta, OTyer mo nabopa-
TOopHOM pabote, Ornpoc Ha
3aHATHAX, Tect

6. UHTepakTUBHBIEC MeTOAbI U (JOPMBI OPraHu3anMU 00yYeHUs
TexHOMOruM HHTEPAKTUBHOTO 00yYeHHS MIPU Pa3HbIX (hopMax 3aHATUN NpUBeAeHbI B Tabnue 6.1.
Tabmuua 6.1 — TexHOJIOrMM UHTEPAKTUBHOTO 00yUYEHUSI MPU pa3HbIX popMax 3aHATUI
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NuTepakTuBHbBIC Hutepakr
HNHTepakTuBHBIE
Meronbl nabopaTopHbIC 3aHATHS, | WBHBIC Bcero, u
NPAaKTHYECKHUE 3aHATHUSA, U
q JeKIUH, 4
5 cemecTp
[Ipe3enrarnuu c 4 4
HCIIOJIb30BaHUEM
MYJIbTUMEANA C
00CyXIeHHEM
Case-study (meTon 2 2
KOHKPETHBIX CUTYallUii)
Pa6ota B KOMaHz1e 2
Mosrosoi mrypm 2
TTouCKOBBIN METOL 2
Wccnenosarenbekuit 6 6
METOJI
Hroro 3a cemectp: 6 6 6 18
7




Hroro 6 6 6 18
7. JlabopaTtopHble padoThl
HaumeHnoBanue nabopaTopHbIx paboT npuBeaeHo B Tabmuie 7.1.
Ta6muma 7.1 — HaumeHnoBanue 1ab0paToOpHBIX paboT
o ]
2 z E
3 =
O
<! )
Haspanus paznenon HaumenoBanue nabopatopHbix padboT zF &5
o S E
=X g =
2 o 2
= S
5 cemecTp
4 KBanrtoBbie 3pdektsl | TyHHenbHBIN P deKT 4 OIIK-5,
IK-
Utoro 4 0 7,
IK-1,
IICK-1
5 YerporictBa HccnenoBanue dIEKTPUYECKUX U ONITUYECKUX XapakK- 4 OIIK-5,
HAHOXJIEKTPOHUKHU TEPUCTHUK CBETOJUOIOB HA OCHOBE T€TEPOCTPYKTYPHI C OIIK-7,
KBAHTOBLIMH SIMaMU TIK-1,
[ICK-1
HccnenoBanue xapakTepUCTUK TPAH3UCTOPA C BBICO- 4
KOI MOJABUKHOCTHIO 31eKTpoHOB (HEMT)
HccnenoBanue TeMnepaTypHOi 3aBUCUMOCTH DJIEK- 4
TPUUECKUX U ONTUYECKUX XaPAKTEPUCTHK CBETOAMO-
JIOB Ha OCHOBE T'€TEPOCTPYKTYP C KBAHTOBBIMH SIMaMU
Hroro 12
Hroro 3a cemectp 16
8. [IpakTHYecKkue 3aHATHSA (CEMHUHAPBHI)
HanMenoBan#e MpakTHUECKUX 3aHATUN (CEMHHAPOB) MPUBEACHO B Tabmmie 8. 1.
Tabmuua 8.1 — HaumeHoBaHME MPAaKTUYECKUX 3aHATUH (CEMHUHAPOB)
A v =
= g4 =
3 = 5
g > 5
HasBanus paznenos HaumeHoBaHMe MPaKTHUECKUX 3aHATUH (CEMHHAPOB) zF &5
o S £
X g =
> &3
= =
= S
5 cemecTp
2 ®usnueckue ocHoBbl | Bomnel Jle bpoiins. KBantoBoe orpannuenue. Ilomy- 6 IK-1,
HAHOXJIEKTPOHUKHU MPOBOAHUKOBBIE HAHOTETEPOCTYKTYpHI. [lomynpoBoa- IICK-1
HUKOBBIE CBEPXPELICTKU. balimucTuueckuii TpaHe-
TOPT.
Hroro
4 KBantoBble 3pdexTsl | 2D-3meKTpoHHBIN ra3 B MarHUTHOM Mone. TyHHeb- [IK-1,
HbIl 2 dekTt. PesonancHo-TyHHETBHBIH 3 dexT.Kymo- [ICK-1
HOBCKas OJ0Kaja.
Hroro
5 YerporictBa OnHO37eKTPOHHBIN TpaH3ucTop. MHpakpacHbie IK-1,
HAHOXJIEKTPOHUKHU (dhoTonpueMHnku. KBaHTOBBIE KacKaIHBIC JIa3epHl. IICK-1
CBeronno/ipl U J1a3epbl Ha FETEPOCTPYKTYPAX.
Hroro 6
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Hroro 3a CEMCECTP
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9. CamocrosiTesqibHasi paboTa
Bunbr camocTosiTenbHOM paboThI, TPYAOEMKOCTh U ()OPMHUPYEMbIE KOMIIETCHIINHU TIPE/ICTABIICHBI B

tabmme 9.1.
Tabmuua 9.1 — Buasl caMoCTOSATENBHOM pabOThI, TPYIOEMKOCTh M JOPMHUPYEMbIE KOMIIETEHIIUN
3 5 g
g 5 =
A3BAHWS PASIENIOB Bunasl camocrositensHON & > 0
H p 57 = ®OpMBI KOHTPOJISA
paboThI 2 s 2
S8 g =
a e g
= S
5 cemecTp
1 Benenue [IpopaboTka JIeKIIMOHHOTO 2 | OIIK-7 KonrtponpHas pabora,
MaTepuana Omnpoc Ha 3ansaTHsIX, Tecrt,
Wroro 2 DK3aMeH
2 dusnueckre OCHOBBI IToaroroBka K mpaxkTuye- 2  |OIIK-7, |KonrtponbHas paboTa,
HAHOAJIEKTPOHUKH CKHMM 3aHSTHSIM, CEMHUHA- TIK-1, Onpoc Ha 3aHdaTusx, Tecrt,
pam IICK-1 OK3aMeH
[IpopaboTka TeKIHOHHOTO 4
MaTepuana
[ToaroroBka K KOHTPOJIb- 2
HBIM paboTam
Hroro
3 Crtoco6b1 [TpopaboTka JIEKITMOHHOTO 4 |OIIK-7, |Omnpoc Ha 3aHATHSX, TecT,
(hopMHpOBaHUS KBAaHTOBO- | MaTepHaa IK-1, OK3amMeH
MEPHBIX HAHOCTPYKT TICK-1
pasmep AHOCTPYKTYP | prpo- 4 C
4 KBanroBbie 3(h(heKTs IToaroroBka K npaxkTuye- [K-1, 3amuTa oT4era,
CKHM 3aHSITHSIM, CEMHHA- IICK-1, |KoHTtposbHas pabora,
pam OIIK-7 Omnpoc Ha 3aHsaTHAX, OT-
[IpopaboTka JIEKIIUOHHOTO 4 HeT 1o 1abopaTopHOH pa-
MaTepHana 6ote, Tect, Dx3aMeH
IToaroroska k Jaboparop- 1
HBIM paboTam
OdopMieHHE OTYETOB T10 4
nabopaTtopHbeIM paboTam
IToaroroBka K KOHTPOJIb- 2
HBIM paboTam
Hroro 14
5 YcerpoilictBa [ToaroroBka k mpakTuue- 4 IIK-1, 3amuTa oT4YeTa,
HAHOBJIEKTPOHUKH CKWM 3aHSITHSIM, CEMHUHA- OIIK-5, |KoHuTtponbHas pabora,
pam OIIK-7, |Omnpoc Ha 3aHsTHIX, OT-
TICK-1 4yeT MO0 UHIUBH BHOM
[IpopaboTka TeKIHOHHOTO 4 C CT 10 MHAHBHAYaTbHOMY
MaTepuaa 3aganuto, OTuer no jgabdo-
paTtopHoii pabore, TecT,
[TonrotoBka k maboparop- 3 DKk3aMeH
HBIM paboTam
OdopmieHre 0TYETOB 10 6

CornacoBaHa Ha noptane Ne 27791




JabopaTOpHBIM paboTam

BrinosnHenne nHAMBHUIY- 9
aJbHBIX 33JIaHUN

[ToaroroBka Kk KOHTPOJIb- 2
HBIM paboTam
Htoro 28

Hroro 3a cemectp 56
IloaroroBka u caaya dK3a- 36 OK3aMeH
MeHa

Hroro 92

10. KypcoBas pa6ora (IpoeKT)
He npenycmorpeno PVYII.

11. PeiiTuHroBasi cucreMa JJisi OLlEHKHU YCIIeBAeMOCTH 00y4aroumuxcsi

11.1. baajbHbIe OLEHKH JJIS 3JIeMEHTOB KOHTPOJISI
Tabmuua 11.1 — banipHbIe OLIEHKH TSI JIEMEHTOB KOHTPOJISI

. N MakcumanbHbIN
. MaxkcuMalibHbIN MaxkcumanbHbII
DneMeHThl yueOHOit 0as 3a mepuo Bcero 3a
6amn Ha 1-yto KT ¢ | 0ami 3a nepuoa
JESITENbHOCTH mexny 2KT u Ha cemMecTp
Hayana ceMectpa | mexnay 1KT u 2KT
KOHEII ceMecTpa
5 cemectp
KonTponbHas pabota 5 5 5 15
Omnpoc Ha 3aHATHAX 5 5 10
OT4eT Mo MHIUBUTYAITb- 5 10 15
HOMY 33/IaHUIO
Otuer no nabopaTopHOi 20 20
pabote
Tect 10 10
Wroro makcumym 3a nepu- 10 15 45 70
on
DK3aMeH 30
Hapacratomum urorom 10 25 70 100
11.2. IlepecyeT 0a/1710B B OLIEHKHU 32 KOHTPOJIbHbIE TOYKHU
[Tepecuer OanoB B OIIEHKH 32 KOHTPOJIbHBIE TOUKHU MpeAcTaBiIeH B Tabmue 11.2.
Tabmuua 11.2 — [1epecueT 6aIOB B OLIEHKH 32 KOHTPOJIbHBIE TOUKH
Banibl Ha 1aTy KOHTPOJIBHON TOYKH OneHka
> 90% ot MakcuManbHOU cyMMBbl OamioB Ha gaty KT 5
Ot 70% 1o 89% oT MakcuMaIbHOM cyMMbl OaisioB Ha naty KT 4
Ot 60% 10 69% ot MmakcuManbHOM cymMbl OanioB Ha Aaty KT 3
< 60% oT MakcuMaabHOU cCyMMBbI OauioB Ha naty KT 2

11.3. IlepecyeTr cyMMbI 02/1710B B TPAAULHOHHYIO M MEKITYHAPOIHYIO OLEHKY

[TepecueT cymmbl 6a/IOB B TPAAULIMOHHYIO U MEXIYHAPOIHYIO OLEHKY MpEACTaBIeH B TaOiuLe
11.3.
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Ta6muma 11.3 — IlepecueT cyMMbl 0aJIJI0B B TPAAMLIMOHHYIO U MEXKTYHAPOIHYIO OIICHKY

Hrorosas cymma 0asios,

Onenka (I'OC) YYHUTBIBACT YCTEIIHO CAaHHBIN Onenka (ECTS)

9K3aMeH

5 (OTIMYHO) (3a4TEHO) 90 -100 A (oTIIMYHO)
85 -89 B (o4enp xoporio)

4 (xopor1o) (3a4TeHO) 75 - 84 C (xoporo)
70 - 74
65 - 69 D (ynoBneTBOpHUTENIBHO)

3 (YZIOBJIETBOPUTEIHHO) (3aYTEHO) 60 - 64 E (HocpereTaerio)
2 (seynOBICTBOPHTENSHO) (HE Hwxe 60 6ainos F (HeynoBIETBOPUTENBHO)

3a4TEHO)

12. YueOHO-MeTOAUYecKOe U MHGOPMANIMOHHOE 00ecTieYeHrue TUCIHIIINHBI

12.1. OcHoBHas1 JIMTEpaTypa
1. bopucenko B. E. Hanoanexktponuka: yueonoe nocoodue mist By3os / B. E. Bopucenko, A. U.
BopoObeBa, E. A. Ytkuna. - M. : BUHOM. Jla6oparopust 3nanuii, 2012. - 224 c¢. - ISBN 978-5-94774-
914-4 (nanuuue B 6ubmuorexe TYCVYP - 81 3k3.)
2. Hanosnekrponuka: Yuebnoe nocobue / Caxapos lO. B., Tposn II. E. - 2010. 88 c. [Dnek-
TPOHHBIN pecypc]| - Pexxum noctyna: https://edu.tusur.ru/publications/537, nara oo6pamenus: 29.05.2018.

12.2. lonosiHUTEIbHAS JIUTEPATYpPa
1. Yamnerua FO.A. HanorexHonoruu B anekrponuke: Monorpadus / H. U. boprapar [u ap.] ;
pen. 10. A. Yamibirus ; MOCKOBCKHM TOCYAapCTBEHHBIA MHCTUTYT 3JIEKTPOHHOU TEXHUKH. - M. : TexHo-
ctepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nanuuue B 6ubmmotexke TYCYP - 20 3k3.)
2. Jparysos B.I1. OcHOBBI HaHOANEKTPOHUKH: yueOHOEe mocobue s By30B / B. I1. JIparyHos,
. T'. Heuspectusiii, B. A. I'puauun. - M. : @usmarkuaura ; M. : Jloroc ; M. : YHuBepcuTeTCKasi KHUTA,
2006. - 494 c. - ISBN 5-98704-054-X. - ISBN 5-89155-149-7 (nanuuue B 6nomuorexke TYCVYP - 32 2k3.)

12.3. YueOHO-MeTOAUYECKHE MTOCOOUH

12.3.1. O6s3aTesibHbIE YUeOHO-MeTOAHuYEeCKH e MOCO0Uus

1. Tposu ILE. Hanosnexkrponnka: YueOHO-METOAMYECKOE MTOCOOUE MO ayAUTOPHBIM MpaKTHYe-
CKHMM 3aHITHAM U camocTtositenbHoi padote / I1LE. Tposa, FO.B. Caxapos // uzn-Bo Tomckuii rocynap-
CTBEHHBI YHUBEPCHUTET CHUCTEM YIPABICHUS U Paano3JaeKTpoHuku, 2015. — 31 ¢ — [DnexkTpoHHBIH pe-
cypc] [DnextponHsiii pecypc] - Pexum moctyma:  http://miel.tusur.ru/images/files/Uchebno-
metodicheskii_kompleks%?20disciplin/Sakharov/Nanoelectronics Practics.pdf, nara oOpareHus:
29.05.2018.

2. Tposn ILE. Hano3nexTpoHuka: VYueOHO-METOAMYECKOE T0cOOME M0 J1abOpaTOpPHBIM
pa6otam / I1.LE. TposH, }FO.B. CaxapoB. — Tomck: M3a-Bo TOMCK. TOC. YH-Ta CHCTEM YIIP. B PaTHODJIEKTPO -
Huku, 2010. — 52 c. — [DnekTpoHHBIH pecypc|. [DnekTpoHHBIM pecypc| - Pexum nocryma:
http://miel.tusur.ru/images/files/Uchebno-metodicheskii_kompleks
%20disciplin/Sakharov/Nanoelectronics lab.pdf, nara obpamenus: 29.05.2018.

12.3.2. YueOHO-MeTOAMYECKHE MIOCOOMS 1JIs1 JIMI € OTPAHMYECHHBIMH BO3MOKHOCTSIMH 3/10POBbSI H
HHBAJIMI0B

Y4eOHO-MeTOqMUECKe MaTeprabl sl CAMOCTOSTEIBHON U ayTUTOpHOM paboThl 0Oydaromumxcs
U3 YHCia JIUI ¢ OTPAaHNYCHHBIMU BO3MOXKHOCTSIMU 3/10POBbSl U MHBAINAOB MIPEAOCTABISIOTCS B (OpMaXx,
aIalITUPOBAHHBIX K OTPAaHMYCHUSIM UX 3/J0POBbS U BOCIIPUATHUS HH(DOPMAITHH.

JI1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHusI:

- B (hopMe INIEKTPOHHOTO TOKYMEHTA;

- B Ie4aTHON (hopMe YBEITMUEHHBIM MIPUGTOM.

JIJ1s1 JIMI ¢ HAPYIIEeHUSIMH cJIyXa:
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— B (hOpMeE IIIEKTPOHHOTO TIOKYMCHTA;

- B IIe4aTHOU hopme.

J1J1s1 JIMI ¢ HAPYIIEHUSIMH OTIOPHO-IBHIaTeJILHOTO anmapara:
- B ()OpME IJIEKTPOHHOTO JIOKYMEHTA;

- B Ie4aTHoOU hopme.

12.4. IIpo¢peccunonaibHbie 0a3bl JaHHBIX H HH(GOPMALIMOHHBIE CIPABOYHBIE CHCTEMbI
1. Hayuno-o6pa3zoBarenbhblii moptan TYCVYP - https://edu.tusur.ru/

2. DnexTtpoHHas 6ubmmoreka - www.elibrary.ru

3. CnpaBo4HHK IO HAHOMaTepuaiaM - https://nano.nature.com/

13. MaTtepuaibHO-TEXHMYECKOE 00ecneyeHue TUCIUILJIMHBI U TPpedyeMoe MPorpaMMHoOe
o0ecneueHue

13.1. O0uue TpeOOBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IIPOrPAMMHOMY 00ecre4eHnIo
AUCHHUILIMHBI

13.1.1. MaTepuaJibHO-TeXHHUYECKOEe U IPOrPAMMHOe o0ecrnevyeHue sl JIEKIIMOHHbIX 3aHATHH
Jlst mpoBeieHus 3aHATUH JIEKIIMOHHOTO TUIIA, TPYIIIOBBIX U MHIWBUYaTbHBIX KOHCYJABTALIUH, T€-
KYIIETO KOHTPOJIS M MIPOMEKYTOYHOU aTTECTAIlUU MCIOIB3YeTCs yIeOHast ayquTOPHs ¢ KOJTUIECTBOM I10-
CaZIoYHBIX MeCT He MeHee 22-24, 00opyIoBaHHAs JOCKOM M CTaHAApTHOH yueOHOIl mebenbro. MMeroTes
JIEMOHCTPAIIMOHHOE 000pYIOBAaHUE U Y4eOHO-HATIIAIHBIE TTOCOOMsI, 00€CTIEYNBAOIINE TEMATHUECCKUE HJI-
JIOCTPALIMHU 0 JIEKIIMOHHBIM pa3ielaM JUCIUILINHBI.

13.1.2. MaTepuaIbHO-TEXHHYECKOE U MPOrpaMMHoOe odecriedyeHne A1 NPAKTUYEeCKUX 3aHATHI

VYuebHas aymMTopus

yqe6Ha;1 ayauTopus Jis IpOBCACHUA 3aHATHI JICKITMOHHOI'O THIIA, yqe6Ha51 ayauTopus JJIs MpOBE-
JICHMS 3aHATUN MPAKTUYECKOro Tuma, yueOHasi ayquTOpHsl s NPOBEICHHs 3aHATUH CEMUHAPCKOTo THIIA,
NMOMCHICHUC JId MMPOBCACHUS I'PYHIIOBBIX U MHAUWBHIYAJIbHBIX KOHC}’HI)TaIlI/If/'I, NMOMCEIICHUE JId ITPOBEAC-
HUSI TEKYILLEr0 KOHTPOJIA U MPOMEXKYTOUHON aTTecTaluu

634034, Tomckast obnacts, . Tomck, Bepumnuna ynuia, 1. 74, 224 ayn.

Onucanue uMerouierocs 000pya0BaHuUsA:

- Kommutekt crienmanusupoBanHoi yueOHOW Mebenu;

- PaGouee mecTo mpermnoaBares.

[IporpammHoe obecnieueHue He TpedyeTcs.

13.1.3. MaTepuaJbHO-TEXHHYECKOE M IPOrPaMMHoOe odecredeHne 1JIs J1adopaTopHbIX padoT

JlaGoparopusi HAHOANEKTPOHUKH U MUKPOCUCTEMHON TEXHUKU

yueOHasi ayJuTOpHs I IPOBEICHUS 3aHATUH TaOOPaTOPHOTO THIA

634034, Tomckast o6mactb, . Tomck, Bepmununa ynuna, a. 74, 115a ayz.

Onwucanue uMeromierocs 000pya0BaHuUs:

- Ocmmmnorpad ACK 1021;

- I'enepatop 3-34;

- BometmeTp B7-21;

- Boastmerp B7-26;

- brox nuranus b5-47 (2 wr.);

- biok uranusg b5-10;

- Muxkpockorn MBC — 9 (2 miT.);

- Ucrounmk mutanus HY 3003 (2 mt.);

- Uctounnk mutanus UTS003ED (2 mt.);

- 3mepuTtens MomHOCTH cBeTOBOro noroka TES-133;

- JJaBopatopHble CTeH Ibl: «DIEMEHThl HAHOAJIEKTPOHUKH: ONTO3JIEKTPOHHBIE PUOOPHI U YCTPOH -
CTBa», «JIEMEHTBI HAHOZJIEKTPOHUKHU: JUOJBD», « IIIEMEHTHl HAHOJIEKTPOHUKH: TTOJIEBBIE TPAH3UCTOPBDY;

- Ucroununk mutanus GPS 3030 DD;

- Kommuiekt cnienmanuzupoBanHoi yueOHoN Mebenu;

- PaGouee mecto npenoaBarens.
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IIporpammHoe oOecrieueHne He TpedyeTcs.

13.1.4. MaTrepuajibHO-TEXHMYECKOE U IPOrPaMMHOe odecreyeHue JJIs CAMOCTOATEIbHOI padoThI
Jnist caMoCTOsTeNbHOM paboThl HCMONB3YIOTCA y4eOHbIE ayAUTOPUU (KOMITBIOTEPHBIC KJIacchl),
PacCIOJIOKEHHBIE TIO aJIpecaM:
- 634050, Tomckast o6nacTb, T. Tomck, Jlennna mpocmnexkr, 1. 40, 233 ayx.;
- 634045, Tomckast obmacts, T. Tomck, yin. Kpacnoapmeiickas, 1. 146, 201 ayn.;
- 634034, Tomckast obnacTb, . Tomck, Bepmmmnauna ynuna, 1. 47, 126 ayn.;
- 634034, Tomckast obmacts, T. Tomck, Bepmmanna ymuma, 1. 74, 207 aya.

CoctaB 000pyIOBaHUSA:

- yueOHasi meOelb;

- komnetoTepsl kinacca He Hwke [I9BM INTEL Celeron D336 2.8['Tw. - 5 miT,;

- KOMOBIOTEPHI MOJKIIOUYEHBI K ceTu «VHTepHeT» U 00ecreynBaroT JAOCTYI B AIIEKTPOHHYIO HH-
(hopManOHHO-00pa30BaTEIbHYIO CPEly YHUBEPCUTETA.

[lepeyeHb MPOrpaMMHOTO 0OCCIICYCHUS:

- Microsoft Windows;

- OpenOftice;

- Kaspersky Endpoint Security 10 s Windows;
- 7-Zip;

- Google Chrome.

13.2. MaTepuabHO-TeXHHYECKOe o0ecriedyeHre JUCIUIITHHBI ISl JIMI C OTPAHHYeHHBIMU
BO3MOKHOCTSIMHM 310POBbSI M HHBAJIU/I0B

OcBocHME NUCUUIUIMHBI JIMLAMU C OTPAHUYEHHBIMU BO3MOYKHOCTSMHU 3JI0pPOBbS U MHBAIMJIAMU
OCYUIECTBIISIETCA C UCIOIb30BAaHUEM CPEJICTB 00YyUEHHsI OOILEro U CIelHaaIbHOTO0 Ha3HAYEHUS.

[Tpu 3aHATHAX ¢ O0YYAIOUIMMHUCS ¢ HAPYIIEHUSAMH CJIyXa [IPelyCMOTPEHO UCIOJIb30BaHUE 3BYKO-
YCUJIMBAIOLLEH anmapaTypbl, MyJIbTUMEIUUHBIX CPEJICTB U APYTUX TEXHUUYECKUX CPEACTB Mpuema/nepesa-
4y yyeOHOM nHpOpMaLIUU B TOCTYNHBIX (hopMax, MOOMIIBHOM CUCTEMBI ITpenoiaBaHus i 00YJaroLIXC s
C MHBAJIMIHOCTHIO, TOPTATUBHON MHIYKIIMOHHON CUCTEMBI. Y4eOHasi aymuTOpUs, B KOTOPOU 3aHUMAIOTCS
oOyyaroliecs: ¢ HapyllIEeHHEM CllyXa, 00OpYy/lI0BaHA KOMIIBIOTEPHOM TEXHMKOM, ayAMOTEXHUKOH, BUIEO-
TEXHUKOM, FJIEKTPOHHOMN JOCKOW, MYJIbTUMEAUMHON CHCTEMOM.

[Tpu 3aHATHAX C OOYYAIOUIMMHUCS ¢ HAPYLIEHUSIMH 3PEHUSIMH IIPEIYCMOTPEHO HCIIOJIb30BAHUE B
JIEKLIMOHHBIX U YU€OHBIX ayJUTOPUAX BO3MOXKHOCTH MIPOCMOTPa yAaJIEHHBIX O0BEKTOB (Hanmpumep, TeKCTa
Ha JIOCKE WJIM CJIaiiia Ha SKpaHe) P MOMOIIM BUACOYBEINIUTENEH A1 KOM(POPTHOTO POCMOTpA.

[Tpu 3aHATHAX C OOYy4YaIOIIUMUCS ¢ HAPYLIEHHUSIMH OIIOPHO-ABUIaTeIbHOIO aNlapara HCIOJb-
3yIOTCS albTepHATUBHBIE YCTPOHCTBA BBOJIA MH(OpMAIIMK U IpYTHE TEXHUUYECKUE CPENICTBA ITpreMa/nepe-
Jauu yueOHo# nHpopMaluu B TOCTYIHBIX (opMax, MOOMIIbHOM cucTeMbl 00ydeHUs! ISl JIr0/Iel ¢ MHBa-
JUAHOCTBIO.

14. OIIGHO‘IHI)IC MaTepuaJabl H METOAUYCCKUE PCKOMEHAAIUHA 110 OPraHu3aluu U3y4cHUus
AUCHHUITINHBbI

14.1. Conep:xaHue OLEHOYHbIX MATEPHAJIOB U MEeTOANYECKHEe PEKOMEHAAIUN
21.]'[5[ OLCHKU CTCIICHU C(bOpMI/IpOBaHHOCTI/I n ypOBHS[ OCBOCHHA 3aerHHeHHBIX 3a )IHCHI/IHJIPIHOﬁ
KOMIETEHIIUI UCIIONIb3YIOTCS OLIEHOYHbBIE MaTepUalibl B COCTABE:

14.1.1. TecToBBIe 3aaHUA
1. ITo xakuM HanpaBJICHUSM OTPAHUYEHO JBIKECHHUE 3apsDKEHHBIX YaCTHI] B KBAHTOBBIX TOYKAX:
a) TOJIBKO 110 HAIPaBJIEHUIO X
0) TOJBKO MO HAINPABIECHUIO Y
B) TOJIBKO T10 HAINIPaBICHUIO Z
T) [0 HarnpaBieHusIM XYZ
2. Ilo xakuM HaIpaBJICHUAM OTPAHUYEHO JBIXKEHHE 3apsDKEHHBIX YaCTHUI] B KBAHTOBBIX IJIEHKAX:
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a) 1o HanpasieHusIM X U Y

0) TOJIbKO TI0 HampaBJeHUIO Y

B) TOJIBKO 110 HalpaBJIEHUIO Z

T') 110 HAIMPaBJICHUSIM X U Z

3. Ilo xakuM HampaBJICHUSIM OIPAHUYEHO IBUKECHHUE 3apSKEHHBIX YACTHI] B KBAHTOBBIX HMTAX
(mHypax):

a) 1o HampasieHusIM X U Y

0) Mo HampaByeHuIO Y U Z

B) TOJIBKO 110 HalpaBJICHUIO Z

T') 110 HAMpaBICHUSIM X U Z

4. Kakoe MUHHMaJIbHOE KOJHMYECTBO PHEPreTUYECKUX YPOBHEH JOIKHO OBITh B KBAaHTOBOU sIME
JIBOMHOM reTepOCTPYKTYPHI:

a)0

0) 1

B) 4

r)9

5. MakcumaiibHast TONIIMHA KBAHTOBOU SIMBI JJBOMHOM I€TEPOCTPYKTYPBI HE TOJKHA IIPEBBIIIATD:

a) 100 am

0) nnmuny BosiHbI [le Bpoiins nist anekTpoHa B KBAHTOBOM siMe

B) IJIUHY KOT€PEHTHOCTH

r) 10 am

6. MakcuManbHOE pazauure MOCTOSHHBIX PEHIETOK ISl MAaTepHaliOB BXOISIIUX B TETEPOCTPYKTY-
Py HE IOJKHO MPEBBILIATD:

a) 1%

6) 0,1 %

B) 5 %

r) 8 %

7. B KakyIo U3 CBEpXpEIIeTOK BXOIAT MOIYITPOBOAHUKH C OTUHAKOBBIM XUMUYECKUM COCTABOM:

a) KOMITO3UIIHOHHYIO

0) IerupoBaHHYIO

B) MOAYJIUPOBAHO —JIETUPOBAHHYIO

T') BO BCE MEPEUYHCIICHHBIC

8. Kakoil n3 METO#0B 3MUTAKCUH, [TO3BOJIAET MOIY4aTh KAYECTBEHHYIO I'€TE€pOrpaHUIly B Ie€TpoO-
CTYKTypax:

a) MOJIEKYJISIPHO — JIyueBast

0) XUMHUYECKOEe OCAXKICHHE U3 Ta30BOM (a3bl MeTauioopranndeckux coeauHenuii (MOCVD)

B) JKHUJIKOCTHAs

T') ra3oBas

9. Ilpu KakoM W3 TUIOB HAYaJIbHOM CTaJuM POCTAa, BOHMUKAIOIIMUX NPU OCAKICHUM aTOMOB Ha
MOJUIOXKKY U3 Ta30BOM (hazbl, MPOUCXOAUT (GOPMUPOBAHUE KBAHTOBBIX TOYEK:

a) ®panka- Ban nep Mepsge (cnoeBoii poct)

6) Ctpanckoro — KpactanoBa (mpoMeKyTOYHBIHN THIT)

B) ®onbmepa — Bebepa (0cTpOBKOBBII pocT)

r) [Ipu Bcex nepeuncieHHbIX

10. Kak Oynet uameHaTbest ko3duuumeHt npospaunoctu 6apbepa D, npu yBenuueHUN Macchl 4a-
CTHIIbI, €CJIA €€ DHEPTUsI OCTAETCS MPU ITOM IMOCTOSHHOM

a) YMEHBILUTCS

0) yBeTUIHTCS

B) OCTAHETCS MOCTOSHHBIM

') MOXKET YMEHBIIUTHCS UM YBEIUYUTHCS, B 3aBUCUMOCTH OT 3aps/ia YaCTHUIIbI

11. B xakux MmIOCKOCTSAX OYyIyT CyIIeCTBOBAaTh YPOBHU JlaHnay, €cii BEKTOp MarHUTHOM MHIYK-
uuu B HampaBiieH BAOJb OCU Z, IEPIICHAUKYISIPHOM MIIocKocTH 2D-ra3a:

a) B INIOCKOCTU Z

0) B utockocTsaX X 1 Y
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B) B IUIOCKOCTSIX Y U Z

T') B TUIOCKOCTSX X U Z

12. OT yero 3aBHCUT CONPOTUBIICHNE OATITUCTUYECKOI KBAHTOBOM MPOBOJIOKH

a) OT CEYCHHS

0) OT JJIMHBI

B) HE 3aBUCUT OT FT€OMETPUUECKHUX Pa3MEPOB U PABHO HYIIIO

T') OT CEUCHHUS U JJIMHBI

13. Kak u3MEeHUTHCS AJIMHA BOJIHBI U3Iy4YEHHsS] CBETOJMOMA, U3TOTOBJIEHHOTO Ha OCHOBE IeTepo-
CTPYKTYPHI C KBAHTOBBIMU SIMAMU, TIPU YMEHBIIICHHH WX TOJIIHHBIL:

a) YMCHBIIIUTCS

0) yBeIMYUTCS

B) OCTAHETCS IMOCTOSTHHOM

T') MOXKET YMEHBIIUTHCS WM YBEIHYUTHCS B 3aBUCUMOCTH OT MaTEePHUAJIOB TETEPOCTPYKTYPHI

14. TIpakTyeckoe MpUMEHEHHE TIeI0UUCIIeHHOTO 3¢ dekra Xormta

a) ATaJIOH CUJIbI TOKA

0) 9TaJI0OH CONMPOTHBIICHUS

B) 3TAJIOH HAIIPSKEHUE

T') 3TaJIOH 3apsia

15. Kak u3MeHUTCS] MOBEPXHOCTHASI TUIOTHOCTh KBAHTOBBIX TOYEK MPH YBEIWYCHUH TEMIIEPATYPhI
MOJUTOKKH B TPOLIECCE OCAXKIACHUS

a) YBEJIMUYUTCS

0) YMEHBITUTCS

B) OCTAHETCS MOCTOSTHHOM

') MOXKET YMEHBIIUTHCS UM YBEIHUUTHCS B 3aBUCUMOCTH OT OCAXKIAEMbIX MaTEepHUaJIOB

16. Kakoii KBaHTOBBIH AP PEKT JSKUT B OCHOBE pabOTHI ONTHUYECKUX MOIYIISTOPOB

a) a¢pdexr LlTapka

0) addekr Ixo3edcona

B) 3¢ ekt Xomra

r) 3¢ dexT 3eemana

17. Kakoit kBaHTOBBIN A(h(PEKT JISKUT B OCHOBE pabOTHI CBEPXIPOBOSIIETO KBAHTOBOTO HHTEP(DE-
penumonHoro natanka (CKBU/I)

a) a¢pdexr LlTapka

0) addekr Ixo3edcona

B) 3¢ ekt Xormra

r) a3pdexr AaporoBa — boma

18. YeM MOXHO OOBSICHUTD CYIIECTBOBAHUE IeI0YMCICHHOTO dhdexT Xomna

a) KBAaHTOBBIM OTPaHUYCHHEM

0) ypoBHsamu Jlanmay

B) TYHHEJIBHBIM 3 PEeKTOM

T') pa3MEpHBIMHU YPOBHSIMHU

19. Ot yero 3aBUCUT YUCIIO YPOBHEW B MUHU30HAX CBEPXPEIIECTKH

a) OT TOJIIIMHBI KBAHTOBBIX SIM

0) OT yKclia KBAHTOBBIX SIM

B) OT TOJIIITUHBI 0APHEPOB

T) SIBJISIETCS] TOCTOSIHHOM BETUYMHON

20. Kakoit u3 METOJIOB SMUTAKCHH MOXET OBITh UCIIONB30BaH MPHU U3TOTOBJICHUU TPAH3UCTOPOB C
BBICOKOHU ITOABMKHOCTEI0O HEMT

a) MOJIEKYJISIPHO — JTy4eBast

0) XUMUYECKOe OCaKJCHHE U3 Ta30BOH (a3l MeTayuIoopranudeckux coenunennii (MOCVD)

B) JKHJIKOCTHAS

T) ra3oBas

14.1.2. Dx3aMeHALIMOHHBbIE BONPOCHI
1. Bonna Jle bpoiinsa. KBantoBoe orpannyenue. KBaHTOBBIE TUICHKH.
2. Bonna Jle bpoiins. KBantoBoe orpannuenne. KBaHTOBbBIE TOUKH.
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3. Bonna Jle bpoitna. KBantoBoe orpannuenue. KBaHTOBbIE IIHYPHI.

4. T'erepocTpykTypbl. DHepreTrdeckas quarpamma JII'C. OcHoBHBIE TpeOOBaHUS, IPEABSIBISICMbIC
K F€TepOCTPYKTYpaM. MeTObI U3rOTOBJIEHUS FETEPOCTPYKTYP.

5. CBepxpenieTki. JHEPreTUYeCKre quarpaMMbl CBEpXpemeTok. MUHU3OHBI.

6. CBepxpeleTki. DHEepreTHYeCKUe quarpaMmsel cBepxpemeTok. CBOWCTBO 3JIEKTPOHOB B CBEPX-
pelieTKax.

7. bamnctudeckuit Tpancnopt. KBaHnT conporuBinennsa. KBaHT npoBoAMMOCTH.

8. CriocoOsl (hopMHUpOBaHUS KBAHTOBOPA3MEPHBIX CTPYKTYp. POopMHUpOBaHHE KBAHTOBBIX TOUYEK.

9. Crioco6b!1 (hopMHPOBaHUS KBAHTOBOPA3MEPHBIX CTPYKTYp. DopMupoBaHrnEe KBaHTOBBIX MPOBO-
JIOK.

10. CnocoObl (opMupoBaHHS KBaHTOBOPAa3MEPHBIX CTPYKTyp. DopMupoBaHHE KBaHTOBBIX
TUICHOK.

11. JIByMEpPHBII 37EKTPOHHBIN I'a3 B MarHUTHOM ToJie. YpoBHHU Jlannay.

12. lenouncnennslii U ApoOHBIHN 3P dexT Xoma.

13. Dddexr HTapka. Ipdext Llltapka B reTepoCTpyKTypax ¢ KBAHTOBBIMU SIMAMHU.

14. Tynnenbnbiit 3gdext. Koadduuent npospaunoctu 6apbepa. Pe3oHaHCHBIN TyHHEIbHBIN (-
(exT.

15. Dddexr Ixozedcona. [Ipakruueckoe mpumenenune r¢dexra Jxozedcona.

16. Kynonosckas Onokana. Kynonosckast 6:10ka1a ¢ OTHUM TYHHEIBHBIM MIEPEXOIOM.

17. Kynonosckast 61okana. KymoHoBckast 0yiokana ¢ AByMs TYHHEIbHBIMH TIEPEXOAaMH OJMHAKO-
BOM IIPO3PAYHOCTH.

18. Kynonosckas 6mokana. KymonoBckas 670kana ¢ AByMsi TYHHEIBHBIMH TIEPEXOAaMH PA3TMIHON
IIPO3PAYHOCTH.

19. Corynnenuposanue. [ ne Habmogaercs. [IpuanHebl.

20. Pe3onancHO TyHHebHBIN auon. Konctpykmus. DHepretudeckas nuarpamma. [Ipunnun pabo-
Tbl. BAX.

21. Pe3onaHcHO TyHHENbHBIN TpaH3ucTop. Konctpykuus. [punmmn padorsl. BAX.

22. OHOANIEKTPOHHBIN TpaH3ucTop. KoHcTpykius. DHepreTudeckas auarpamma. [Ipuniumn pabo-
Thl. [lepenaTouHbie U BEIXOIHBIE XaPAKTEPUCTUKH.

23. HEMT rtpanzuctopsl. Koncrpykiiuu pHEMT Ttpansucropos. [lpuamun padotsr. Ilepenatou-
HBIE U BBIXOJHBIE XapakTepucTuku. IlpuMenenue.

24. HEMT Ttpan3uctopsl. Konctpykiun mHEMT tpansuctopos. [Ipunnun pa6otsl. [lepenatou-
HBIE U BBIXOJHBIE XapakTepucTuku. IlpuMenenue.

25. Cperoauonnl u na3epsl Ha ocHoBe [II'C. KoHctpykuusi. DHepretudeckas auarpamma. [Ipun-
un pabotel. OCHOBHBIE XapakTepucTuku. [IpuMenenue.

26. Ceroauossl u s1azepbl Ha ocHOBE JII'C u kBaHTOBBIX Touek. Koncrpykiuu. [TpuHiun paboTsl.
JloCTOMHCTBA M HETOCTATKH.

27. KBaHTOBBIE KackagHble Jazepbl. KoHCTpyKIms. DHepreTudeckas guarpamma. [IpuHiun pado-
Thl. [Ipumenenue.

28. UK-doronpuemnanku. Koncrpykius. DHepreTudeckas auarpamma. [Ipuniun padotsl. [Ipu-
MEHEHHE.

29. Ontuueckue MomysTopel. KoHCTpykius. DHepreruyeckas auarpamma. [IpuHmwm paboTsl.
IIpumeHeHue.

30. JlaBunnbie ¢oromuoapl. Konctpykmus. DHepreTudeckas auarpamma. [Ipunnun padotst. [pu-
MEHEHHE.

14.1.3. Tembl KOHTPOJILHBIX pPadoT
TeMbl KOHTPOJIbHBIX PaloT:
1. Onpenenenne BonHbl A bpois
2. OnpeneneHne SHEPreTHUECKUX COCTOSTHUN B KBAHTOBOU SIME
3. 2D-31eKTpOHHBIN I'a3 B MATHUTHOM TI0JIE.
4. UenouncneHHblid U ApoOHBIN KBaHTOBBIN 3 dexT Xomna.
5. TynHenbHbIH 3G (DHeKT.
6. Ontuueckue MmoaynsaTopsl. ekt Llrapka.
7. CBeToMoIp HA OCHOBE TeTEPOCTPYKTYP ¢ KBAHTOBBIMU SIMAMH.
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8. ndpakpacHbie HOTONPUEMHUKH.

9. KBaHTOBBIEC KaCKaIHbIC JIa3€PhI.

10. O1HO3EKTPOHHOE TYHHEIMPOBAHUE.

Bapuant Nel (temsr 1 - 3)

1. Onpenenuts qyiuHy BonHbI Jle bpoiins ans anekTpoHa ¢ 3Hepruei 2 3B.

2. Ilporon obnamaer kunernueckon sHepruet T = 1 k3B. Onpenenuth JOMOTHUTEIBHYIO YHEP-
THIO, KOTOPYIO HEOOXOAMMO €My COOOIIMTH AJISt TOTO, YTOOBI AJTMHA BOJIH A€ bpoiinsg ymeHblmmiacs B Tpu
pasa.

3. Umeerca JII'C Ha ocHoBe AlAs/AlxGal-xAs/AlAs. TonmmHa KBaHTOBOW SIMBI COCTaBIsieT 4,5
HM. OnpeaenuTh MaKCUMaIBHBIA X TTPH KOTOPOM B KBAaHTOBOU siME OyIET OJMH YHEPTEeTHYECKUNA YPOBEHbD.
CrpaBouHbIC JaHHBIE /IS MAaTEPHAIIOB B3SITh U3 CIPaBOYHUKA. D(H(HEKTUBHBIE MACCHI CUUTATH MOCTOSH -
HBIMU U IPUPABHSATH K CPETHUM 3HAUCHUSIM

4. Nmeetcsa JII'C na ocnoBe AlAs/InAs/AlAs. OnpenenuTs MUHUMAJIBHYIO B MAKCUMAIIbHYIO TOJ -
IIMHY KBaHTOBOH siMbl. CripaBOYHbIE JAHHBIE /711 MATEPHAJIOB B3ATh U3 CIIPABOYHHKA.

Bapuant 2 (temsr 4-7)

1. Haittu BeposiTHOCTH TipoxoxaeHust D u otpaxkenust R s anektpoHa ¢ snepruent 3,2 3B, npo-
JIETAIOLIETO HaJ MOTEHIMATBHBIM OaphepoM BHICOTOH 2,5 3B u npotskeHHOCThIO 8§ HM. DPPeKTuBHYIO
Maccy IPUHATH PaBHOW Macce 3JeKTPOHA B COCTOSIHUU MOKOSI.

2. OnpenenuTh TOJMIIMHY KBAaHTOBOH sIMBI 1Sl cBepxpelieTku Ha ocHoBe GaAs/GalnAs/GaAs npu
KOTOPOW OHA MOKET OBITh MCIONBb30BaHa st Moayisiiuu u3nydeHus Nd:YAG nazepa ¢ JIMHOM BOJTHBI
1,064 mMxmM.

3. OnpenenuTh UIMHY BOJIHBI, IPU KOTOPOW OyAeT MAaKCUMyM ONTHYECKOrO MOTJIOIIEHUS IS
cBepxpenieTkd Ha ocHOBe AlAs/GaAs/AlAs. Ecnu TonmmuHa KBaHTOBBIX SIM COCTaBIIAET 5 HM, OapbepoB
15 Hm.

4. OmpenenuTh JIMHY BOJIHBI M3JIyUY€HHUS IS CBETOAMOJAa HAa OCHOBE TI€TEPOCTPYKTYPHI
GaN/InxGal-xN/GaN (x=0.25). Tommuna 6apbepoB cocTaBisieT 10 HM, TONIMHA KBAaHTOBOW SIMBI CO-
cTaBisieT 4 HM.

BapuanTt 3 (Temsr 8-10)

1. OnpenenuTh MAKCUMATbHYIO M1 MUHIUMAJILHYIO JJIMHY BOJHBI peructpupyemoro MK-uznydenus
IU1s cBepxpenieTku Ha ocHoBe AlGaAs/GaAs

2. Onpenenuth MaKCUMAIBHYI0 1 MHHUMATBHYIO JUTHHY BOJHBI U3TY4YEHUS NIl KBAHTOBOTO Kac-
KaJIHOTO Ja3epa Ha ocHOBe cBepxpemeTku AllnAs/InGaAs/AllnAs. Hlupuny 3anpemierHoi 30861 AllnAs
npuHATH 1,5 3B

3. OnpeneauTh MaKCUMaIbHYIO €MKOCTb JJII TYHHEJIBLHOTO Mepexo/ia Mpu KOTOPO BO3MOXKEH (-
ekt onHoanekTponHoro TyHHeuposanus st T=300 K u T=1 K

4. OnpenenuTh MAaKCUMAIBHYIO TEMITepaTypy, MPU KOTOPO BO3MOKHA paboTa OHOSIIEKTPOHHOTO
TPaH3UCTOpPa C TOMOJOrHYecKUMH paszmepamMu 100 HM, BBINOTHEHHOTO MO TEXHOJOTHH H3OJSIIHH HM-
TJIAaHTUPOBAHHBIM KucIopoaoM (SIMOX) u umeromiero mumpuHy 3a3opa 35 HM.

14.1.4. Tembl 0IPOCOB HA 3aHATHAX

[TpenmeT aucuunianHbl U ee 3aa4d. OCHOBHBIE 3Tallbl HCTOPUUYECKOIO Pa3BUTHs HAHOAIEKTPOHHU -
KU U HaHOTeXHOoJIOTUU. CBA3b C IPYTMMHU JUCUMILIMHAMU. 3a/1a41 Kypca.

Bonner [le bpoitis. KBantoBoe orpannyenue. KBaHToBO-pa3MepHble 0OBEKTHI U UX KIacCUpUKa-
1usi. [loaynpoBOIHUKOBBIE HAHOT€TEPOCTYKTYPhl. DHEPreTHUeCKHe IuarpaMMbl HAaHOTETPOCTPYKTYP.
TpeOoBaHusi, npeabsBIsieMble K HaHOreTepocTpykTypaM. J(BoitHbie rerepoctpykTypsl (AI'C). Cepxpe-
mietkd. [lodaynmpoBOAHMKOBBIE CBEpXpEIIETKH. Buibl CBEpXpemeToK. DHEpPreTH4ecKue Jauarpammbl
CBEpXpeleTOK. MUHM30HBI. DHEPreTUYeCKUil CIEKTp 3JEKTPOHOB B cBepxpelmierkax. CBOMCTBa 3ileK-
TPOHHOTO T'a3a B cBepxpeuleTkax. BiusHue kBaHTOBOpa3MepHbIX 3P (PEeKTOB Ha CBOICTBa BellecTna. bai-
JUCTUYECKUM TPaHCIOPT.

OO61ure npuHUUIBEL GOPMUPOBAHMS KBAHTOBO-Pa3MEPHBIX CTPYKTYp. Dnutakcusi. opmupoBanue
KBAaHTOBO-Pa3MEPHBIX CTPYKTYP METOJOM MOJIEKYsIpHO-Ty4eBoil snutakcun (MJID). ®dopmupoBanue
KBAaHTOBO-Pa3MEPHBIX CTPYKTYpP METOI0M XUMHUYECKOTO OCaXACHUS U3 ra30Boi (a3bl METAJLJIOOpraHuye-
ckux coenuHeHudi (MOCVD). ®@opmupoBanue KBaHTOBBIX M. DoOpMHpOBaHHME KBAaHTOBBIX IPOBOJIOK
(HUTEN) TeOMETPUUECKUM U JIEKTPOHHBIM crioco0oM. @opMHUpoBaHHE KBAaHTOBBIX TOYEK. MexaHU3M IMpo-
1ecca caMOOpraHM3aluu NMpu (OPMUPOBAHUU KBAHTOBBIX Touek. Pasmep um ¢opma octpoBkoB. Bepru-
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KaJIbHbIE MAaCCUBBI KBAHTOBBIX TOYEK.

2D-371eKTpOHHBIN Ta3 B MarHUTHOM moje. Llemouncnenusiii u ApoOHBI KBAaHTOBBINA 3P heKT Xom-
na. Dpdexr Aaponosa-boma. Ipdekr [rapka. KBantoBo-pasmepnsiii agdext IllTapka B rerepoHano-
CTPYKTYypax ¢ KBaHTOBBIMHU siMaMu. TyHHenbHBIN dhdexT. Dddext Jxozedcona. KymoHockas Ookana.
KymnoHoBckas 6110kafa ¢ OAHUM TYHHEIBHBIM TepexonoM. KynmoHoBckast 610kana ¢ IByMsl TYHHEJIbHBIMU
nepexoaaMu. COTyHHeTMpPOBaHUE.

[Tpubopk!l Ha pe30HAHCHOM TYHHEIHPOBAaHHUU. JIMOABI HA PE30HAHCHOM TYHHEIHPOBaHUH. TpaH3u-
CTOpBI Ha PE30HAHCHOM TYHHENIWpOBaHUU. Jlormueckue >MeMEHThl Ha PEe30HAHCHO-TYHHENIbHBIX MpUbo-
pax. [IpuGopsl Ha OTHOZIEKTPOHHOM TYHHETUPOBaHUU. OTHOAIEKTPOHHBIN TpaH3ucTOp. OIHOIIEKTPOH-
HBbI Hacoc. OHO3EKTPOHHAS MaMsTh. YCTPOMCTBAa Ha OCHOBE cBepxpemeTok. MubpakpacHbie ¢oTo-
npueMHUKH. CBEpXpEIIeTKH B JTa3epHBIX CTPYKTypax. KBaHTOBBIC KackagHble Jiazephl. JlapuaHbBIE POTO-
nuonabl. OnTHYEeCKHe MOAYISTOPHI. TpaH3ucTOph! ¢ Bhicokor moaBmkHOCThI0 HEMT. O630p mporpamm-
HBIX CPEJICTB ISl MOACTUPOBAHUS IPUOOPOB M YCTPONCTB HAHOAIIEKTPOHUKH.

14.1.5. Tembl HHANBUAYAJTbHBIX 32/1aHUI
Tembl THAMBHUIYATbHBIX 33TAHUN:
1. CBeToanoibl HA OCHOBE FE€TEPOCTPYKTYP C KBAHTOBBIMU SIMAMU.
2. UK — poTonpueMHUKN Ha MHOTOCIOWHBIX T€TEPOCTPYKTYpax.
3. KBaHTOBBIE KaCKaJHbIE JA3€PHI.
Tema TUIIOBOTO MHAMBUYAIBHOTO 3a1aHUS:
CBeTOaMO/IbI CUHETO CIIEKTPA.
ConeprkaHre WHIUBUIYAIBHOTO 3a/1aHUS:
1. Beibop maTepuanioB Kpucraiia.
2. Pacuer napameTpoB Marepuaia KpucTauia.
3. [locTpoeHne TEXHOIOrMYECKOro MapuIpyTa U3rOTOBJICHHS KpUCTALIA.
Hcxonnble ganHbIe U1 pacyera:
OCHOBHAsl JUIMHA BOJHBI U3nyyeHus — 450 HM.

14.1.6. Tembl 1a00paTOpHBIX padoT
TynuenpHbIN Qe
HccnenoBanue IEKTPUUECKUX U ONTUYECKHUX XapaKTEPUCTUK CBETOJMOIOB HA OCHOBE I'€TEpO-
CTPYKTYpPBI C KBAHTOBBIMU SIMAMH
HccnenoBanne xapakTepUCTUK TPAH3UCTOPA C BHICOKOW MOABMKHOCTHIO 31eKTpoHOB (HEMT)
HccnenoBanue TeMrepaTypHOi 3aBUCUMOCTH 3JIEKTPUUECKUX M ONTUYECKHUX XapaKTEPUCTHUK CBe-
TOJMOJI0B HA OCHOBE I'€TEPOCTPYKTYP C KBAHTOBBIMU SIMAMH

14.1.7. MeTonn4eckue peKoMeH AU
KoncriektupoBanue neKIuid siBisieTcs: 00s3aTenbHbIM. [ ToIycka K 9K3aMeHY JOJDKHBI OBITh
BBITIOJIHEHBI BCE JTa0OpaTOpHBIE M KOHTPOJIBHBIE Pa0OThI IPETYCMOTPEHHBIE TNIAHOM.

14.2. TpeOoBaHuA K OLIEHOYHBIM MATEPHUAJIAM JISl JIMI] C OTPAHNYEHHBIMHA BO3MOKHOCTAMMU
310pOBbS1 1 UHBAJH/I0B
s aui ¢ orpaHMYEHHBIMUA BO3MOKHOCTSIMU 3/I0POBBSI M MHBAIUIOB MPEIyCMOTPEHBI TOTOTHH -
TEJIbHBIE OLIEHOYHbIE MaTepUalIbl, IEPEYCHb KOTOPHIX yKa3aH B Tabmuie 14.
Tabmuua 14 — JlonmonHUTENbHBIE MaTepHallbl OLIEHUBAHUS ISl JIUI[ C OTPAaHUYEHHBIMH BO3MOXXHOCTSIMU
310POBbsI 1 MHBAIUIOB

Kareropuu Buibl 10NOMHUTEIBHBIX OLEHOYHBIX @DopMbI KOHTPOJISI U OLIEHKU
00y4JaroLIIXCs MaTepuaoB pe3ynbTaToB 00y4eHUs

TecTsl, MUCEMEHHBIE CAMOCTOSITEIBHBIC
paboTHI, BOIIPOCH! K 3a4ETY,
KOHTPOJIbHBIE PA0OTHI

[Ipenmy1ieCTBEHHO MUCbMEHHAs
IIpOBEpPKa

C napymeHusMu
ciyxa

C mapymenusmu | CobecenoBaHue o Borpocam K 3auery, | [IpenmyIiecTBeHHO yCTHas IpOBEpKa

3peHus OIIPOC MO TePMUHAM (MHIUBUYaJIbHO)
C HapylieHUs MU Pemenue qucTaHIIMOHHBIX TECTOB, [IpeuMy11eCTBEHHO AUCTAaHIIMOHHBIMU
OTOPHO- KOHTPOJIbHBIE Pa0OThI, MUCbMEHHBIE METOJaMH
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ABUI'aTCIIBHOT'O CaMOCTOATCIIbHBIC pa6OTBI, BOITPOCHI K
arriapara 3a4CTy
C OIrpaHUYCHUSAMMU I10 TCCTI)I, INHUCBbMCHHBIC CaAMOCTOATCIIBHBIC HpeI/IMYH_IeCTBeHHO IIPOBEPKaA
O6H.[€M€I[I/II_[I/IHCKI/IM pa6OTBI, BOIIPOCHI K 3a4€TYy, METOAAMHU UCXOAA N3 COCTOAHUA
IIOKa3aHUAM KOHTPOJIbHBIC pa6OTBI, YCTHBIC OTBEThI o6yqafomeroc;1 Ha MOMCEHT IIPOBEPKU

14.3. MeTtonnyecKkue peKOMeHIAIMH MO OLIEHOYHBIM MaTepHaIaM JUIsl JUI ¢ OTPAHHYEeHHBIMHU
BO3MOKHOCTSIMU 3/10POBbSI 1 HHBAJIN/I0B

Jns muIp ¢ orpaHMYCHHBIMH BO3MOXKHOCTSIMH 37I0POBbSI U MHBAIMIOB IPEIyCMAaTPUBACTCS J0-
cTymnHas (hopMma Mpea0CTaBICHUS 3aJaHUH OIEHOYHBIX CPEJICTB, @ IMEHHO:

— B TIEYaTHOH (hopme;

- B IIeyaTHO! (hopMe ¢ YBEIMUYEHHBIM IPUPTOM;

- B (hopMe AIIEKTPOHHOTO IOKYMEHTA;

- METOJ/IOM YTE€HUS ACCHCTEHTOM 3a/IaHUs BCITYX;

- NPEOCTaBJICHUE 3a/IaHUs C UCTIOIb30BAaHUEM CYpPJIOTIEPEBO/IA.

Jlunam ¢ OrpaHWYEeHHBIMH BO3MOXXHOCTSIMU 3/I0POBbSI M MHBAIHMIAM YBEIMYUBACTCS BpeMs Ha
HOATOTOBKY OTBETOB Ha KOHTPOJIBHBIE BOMPOCHL. [l TakuX 0OyJarommxcs MpeayCcMaTpUBAETCsl TOCTYTI-
Has popmMa MpeoCTaBICHHS OTBETOB Ha 3a/1aHUs, & UIMEHHO:

- NMMCbMEHHO Ha Oymare;

— HabOp OTBETOB Ha KOMITBIOTEPE;

- Ha0Op OTBETOB C MCIIOJIB30BAHMUEM YCIIYT aCCUCTEHTA;

- IPE/ICTaBICHAE OTBETOB YCTHO.

[Ipouienypa oneHUBaHUS PE3YNIBTATOB OOYYEHUS JIMII C OTPAHUYEHHBIMUA BO3MOYKHOCTSIMH 3/10PO-
Bbsl M1 MHBAIMJIOB IO JHCUHUIUIMHE TPeIyCMaTpUBAET MpeaocTaBiIeHne nHpopmManun B Gopmax, aaarnTH-
POBaHHBIX K OTPAaHHYCHUSAM HX 3[J0POBBS U BOCHPUATHS HH()OPMALIIH:

JL1s1 i1 ¢ HApYIIEeHUSIMM 3PeHust:

— B (hOpMe IITEKTPOHHOTO JIOKYMEHTA;

- B IIeYaTHOW (hopMe YBETUYECHHBIM HIPHUPTOM.

JI1s1 M1 ¢ HApYIIEHUSIMH CJIyXa:

— B (hOpME IIIEKTPOHHOTO IOKYMEHTA;

- B ITe"YaTHOU hopme.

JI1s1 1M1 ¢ HAPYIIEHUSIMHM ONIOPHO-ABUTaTeJILHOI0 annapara:

- B (hopMe INIEKTPOHHOT'O IOKYMEHTA;

- B reyaTHou (opme.

[Tpy HEOOXOMUMOCTH /ISt JIUT] C OTPAaHMYCHHBIMHA BO3MOXXHOCTSIMH 3/I0OPOBbS 1 MHBAJTUIOB TIPOIIE-
Jypa OLICHUBAHUsI Pe3yIbTaTOB 00yUEeHHsI MOXKET MPOBOAUTHLCS B HECKOIBKO ITAIOB.
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