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«TOMCKH TOCYJIAPCTBEHHBI YVHUBEPCUTET CUCTEM
VIIPABJIEHUS U PAJTMODJIEKTPOHUK
(TYCYP)
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LeacTaatengs: ¢ 1001, 2016 no 16092010

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

YuebOnsrit man Habopa 2016 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 10 10 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.

DK3aMeH: 5 cemecTp
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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

CornacosaHa Ha noprane Ne 27787 3



[IpakTuyeckue 3aHATUS 18 18
JlaboparopHbie pabOTHI 16 16
W3 HuX B MHTEpaKTUBHOMN (hopme 10 10
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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Jlex
[Ipak. 3aH.

JIa6. pao.
Cawm. pa0.

o

Eq Kommerenmmn

+
_|_

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 +

KontponpHnas pabora, 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 IPU pa3HbIX popMax 3aHATUI

NutepaktuBHbIE TpakTHueckue | HTepakTUBH
MeTtonap! Bcero, u
3aHATHS, U bI€ JICKIINH, Y
5 cemectp

[Ipe3eHTanuu ¢ UCMoOab30BaHUEM 2 2
MYJbTUMENNA C O0CYXKICHUEM
Case-study (MeTOJ KOHKPETHBIX 2 2
CUTYaIHi1)
Pabora B xomanie 2
Mo3sroso# mrypm 2 2
[lonckoBbIN METO 2
Hroro 3a cemecTp: 6 10
Uroro 6 10

HaumeHnoBanue nabopaTopHbIXx paboT npuBeaeHo B Tabmuie 7.1.

7. JIaGopaTtopHbie padoThI
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Tabmuua 7.1 — HaumeHoBaHue 1a00paTOpHBIX padboT

3 z§
Q P=a=1
Qo O T
= > O
HasBanus paznenos HaumeHnoBaHnue 1a00paTopHBIX padoT zF &5
o) S E
= o, =
a o 2
~ S}
5 cemecTp
4 KBanrtoBbie 3¢dektl | TyHHenpHBIN D deKT 4 OIIK-5,
Hroro 4 OIIK-7,
[IK-1,
[ICK-1
5 YcerpoiictBa HccnenoBanue 3MeKTPUYECKUX U ONTHYECKUX XapaK- 4 OIIK-5,
HAHO3JIEKTPOHUKH TEPUCTUK CBETOJIMOJI0B HA OCHOBE I'€TEPOCTPYKTYPHI C OIIK-7,
KBAaHTOBBIMH SIMaMU TIK-1,
" IICK-1
CCJIEIOBAHNE XaPAKTEPUCTUK TPAH3UCTOPA C BBICO- 4
KOM MoABMWKHOCTHIO 3nekTpoHoB (HEMT)
HccnenoBanue TeMeparypHOil 3aBUCUMOCTH JICK- 4
TPUYECKUX U ONTHUYECKUX XapaKTEPUCTUK CBETOIHUO-
JIOB Ha OCHOBE I'€TEPOCTPYKTYpP C KBAHTOBBIMU SIMaMU
Hroro 12
Hroro 3a cemectp 16
8. [IpakTHYeckue 3aHATHSA (CEMHUHAPBHI)
HaumeHnoBaHMe NpakTHUECKUX 3aHATUH (CEMUHAPOB) NpuBeneHo B Tabiuue 8.1.
Tabmuua 8.1 — HaumeHoBaHME NPAaKTUYECKUX 3aHATUHN (CEMHUHAPOB)
A ¥ =
= 2 E
Q S 5
g o =
o ]
HasBanus pasnenon HaumeHoBaHue MpakTUUECKUX 3aHATUHN (CEMHHAPOB) zF &5
o) S B
X g =
2 o 2
= S
5 cemecTp
2 ®usnueckue ocHoBbl | Bonnel Jle bpoiins. KBantoBoe orpannuenue. Ilomy- 6 IIK-1,
HaHODJICKTPOHUKHU IIPOBOJTHUKOBBIE HAHOTETEPOCTYKTYpHI. [lomynpoBon- [ICK-1
HUKOBBIE CBEPXPELIETKU. bammcTuieckuil TpaHc-
OPT.
Uroro 6
4 KBanrtoBbie 3¢ ekl | 2D-371eKTpOHHBIN a3 B MAarHUTHOM mojie. TyHHeb- 6 [IK-1,
HbIH 3 dekT. PezonancHo-TyHHETBHBIH 3 dexT.Kyno- [ICK-1
HOBCKas OJ0Kaja.
Hroro
5 YerporicTtBa OnHOo37eKTpOHHBIN TpaH3ucTop. MHppakpacHbie IIK-1,
HaHODJIEKTPOHUKHU ¢dotonprueMHuku. KBaHTOBbIE KacKaHbIE J1a3ephbl. [ICK-1
CBeronuo/ipl U J1a3epbl Ha FETEPOCTPYKTYPAX.
Hroro 6
Hroro 3a cemectp 18

9. CamocrosiTesibHasi padoTa

Bunsl camocTosiTenbHOM paboThI, TPYAOEMKOCTh U (hOpMUpPYEMbIe KOMIIETCHIIUU MTPEICTABICHEI B
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Tabimue 9.1.

Tabmura 9.1 — Buasl caMoCTOSTEIBHON pabOThI, TPYAOEMKOCTh U (DOPMHUPYEMBbIE KOMIIETEHITUN

aJbHBIX 3aJaHUI

3 =
S i
Bunabr camocTosTensHOM & > 0O
Hassanus paznenon z " = ®opMbI KOHTPOJIS
paboTEI L s 2
X g8 =
al o g
= S
5 cemecTp
1 BBenenue ITpopaOoTKa JIEKIIMOHHOIO 2 OIIK-7 KonTpomnbHas padora
9
Marepuaa Omnpoc Ha 3ansTusx, Tecr,
Hroro 2 DK3aMeH
2 ®u3nYeCcKue OCHOBBI IToaroroBka K mpaxkTuye- 2 |OIIK-7, |KontponbHas paboTa,
HAHODJIEKTPOHUKHU CKMM 3aHSITUSM, CCMHHA- TIK-1, Ompoc Ha 3ansTusx, Tecr,
pam IICK-1 OK3aMeH
[IpopaboTka JIeKIIMOHHOTO 4
MaTepuana
[ToaroroBka Kk KOHTPOJIb- 2
HBIM paboTam
Hroro
3 CrocoObl [TpopaboTka JIEKIIMOHHOTO 4 OIIK-7, |Omnpoc Ha 3aHsATHSX, TecT,
(hopMHpOBaHUS KBAaHTOBO- | MaTepHasa IIK-1, OK3aMeH
Pa3MEPHBIX HAHOCTPYKTYD | 1p- 4 [ICK-1
4 KBanrtoBble 3 HeKTbI [ToaroroBka k mpakTuue- IK-1 3amura oT4era
b 2
CKHM 3aHATHSAM, CEMHHA- [ICK-1, |KouTpomnbHas pabora,
pam OIIK-7 Ompoc Ha 3ausTusax, OT-
[TpopaboTka JIEKIIMOHHOTO 4 4eT 110 J1abopaTopHOH pa-
Mareprana 6ote, Tect, Dx3ameH
[TonrotoBka k maboparop- 1
HBIM paboTam
OdopmiieHre 0TIETOB TIO 4
JabopaToOpHBIM paboTam
IToaroroBka K KOHTPOJIb- 2
HBIM paboTam
Hroro 14
CTpolicTBa OJITOTOBKA K MPaKTH4e- - aluTa oT4eTa
5V I1 [IK-1, 3 ,
HAHOAJIEKTPOHUKHU CKUM 3aHSTHSIM, CEMUHA- OIIK-5, |KoutponbHas pabora,
pam OIIK-7, |Omnpoc Ha 3aHiTHX, OT-
[IpopaboTka JIeKIIMOHHOTO 4 IICK-1 Her o HHIgIBHHyam’H%My
MaTepuaa 3afanmio, OT4eT 1o 1ado-
paTtopHoii pabore, TecT,
[TonroroBka k maboparop- 3 JK3aMeH
HBIM paboTam
OdopmiteHre 0TIETOB TIO 6
nabopaTopHbIM paboTam
BrinonHeHne nHIUBUAY- 9
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[ToaroroBka K KOHTPOJIb- 2
HBIM paboTam
Htoro 28

Hroro 3a cemectp 56
IloaroToBka u caada »K3a- 36 DK3aMeH
Me€EHa

Hroro 92

10. KypcoBasi paGora (mpoexr)
He mpenycmotpeno PVYII

11. PeiiTuHroBasi cucremMa JJisi OEHKH yCIIeBAeMOCTH 00y4arouXcst

11.1. banjbHbIe OLEHKH AJIs1 3JIEMEHTOB KOHTPOJIA
Ta6mura 11.1 — banpHbIE OIEHKH IS SJIEMEHTOB KOHTPOJISI

. . MaxkcuManbHbIN
. MakcumanbHbIN MaxkcumanbHbIN
OneMeHTHl yueOHOH 6asu1 3a mepuoa Bceero 3a
6amn Ha 1-yto KT ¢ | Gamr 3a mepuon
NESITEIbHOCTH mexay 2KT u na cemMecTp
Hauyana cemectpa | mexay 1KT u 2KT
KOHEIl ceMecTpa
5 cemectp
KonTponbhas pabota 5 5 5 15
Omnpoc Ha 3aHATHAX 5 5 10
OTyer no MHIUBUAYATb- 5 10 15
HOMY 3aJJaHUIO0
Otuet o naboparopHoii 20 20
pabore
Tect 10 10
Hrtoro makcumyM 3a nepu- 10 15 45 70
on
OK3aMeH 30
Hapacraromum utorom 10 25 70 100
11.2. IlepecyeT 0a/1710B B OLIECHKH 32 KOHTPOJIbHbIE TOYKH
[TepecueT OaIOB B OIIEHKH 32 KOHTPOJILHBIC TOUKH MIPEICTaBICH B Tadmuie 11.2.
Ta6muma 11.2 — IlepecueT 0anioB B OLIEHKU 332 KOHTPOJIbHbBIE TOUKU
bannel Ha 1aTy KOHTPOJIBHOM TOUKH Onenka
> 90% ot MakcuManbHON cyMMbI OamsioB Ha naty KT 5
Ot 70% no 89% ot makcumasibHON cymMbl OaiioB Ha aaty KT 4
Ot 60% 10 69% OT MakcUMaIbHOM cyMMbI OaisioB Ha naty KT 3
< 60% oT MakcuMaIbHOU cyMMBbI OasuioB Ha naty KT 2

11.3. IlepecueT cyMMbI 6A/UI0B B TPAAMIMOHHYI0O U MEKIYHAPOIHYIO OLIEHKY
[TepecueT cymmbl 6aIOB B TPAAULIMOHHYIO U MEXIYHAPOIHYIO OLEHKY MPEACTaBICH B TaONuUIe
11.3.
Tabmuua 11.3 — [lepecueT cymmbl OaJIJIOB B TPAAUIIMOHHYIO H MEXKAYHAPOAHYIO OLICHKY

HtoroBas cymma 0aos,
YUYHUTBHIBACT YCIICIIHO CTAaHHBINA
9K3aMEH

Onenka (I'OC) Onenka (ECTS)
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5 (OTIMYHO) (3a4TEHO) 90 -100 A (0TIIMYHO)

4 (xopo1110) (3a4TEHO) 85-89 B (ouens xoporiiio)
75 - 84 C (xoporo)
70 - 74
65 - 69 D (ynoBneTrBoputeiabHO)
3 (yZIOBJIIETBOPUTENHHO) (3aYTEHO) 60 - 64 E (HocpeicTaentio)
2 (HEYROBIIETBOPHTENLHO) (e Huxe 60 6ammon F (HeynoBneTBOpUTENHHO)

3a4TEHO)

12. YueOHO-MeTOAM4YecKOEe M HHGOPMALMOHHOE o0ecneyeHne JUCHMIITTHHbI

12.1. OcHoBHas1 JIMTEpaTypa
1. bopucenko B. E. Hanoanektponuka: yuebnoe nmocoodue mist By3oB / B. E. Bopucenko, A. U.
BopoObeBa, E. A. YTkuna. - M. : BUHOM. Jla6oparopust 3nanuii, 2012. - 224 c. - ISBN 978-5-94774-
914-4 (nannuue B 6ubmnorexke TYCVYP - 81 3k3.)
2. Hanosnektponnka: YuebHoe nmocobue / Caxapos FO. B., Tposn II. E. - 2010. 88 c. [Dnek-
TPOHHBIN pecypc]| - Pexxum moctyna: https://edu.tusur.ru/publications/537, nara oopamenus: 29.05.2018.

12.2. lonoiHuTEIbHAS JIUTEpPaTypa
1. Yamusirun FO.A. Hanorexnosnoruu B snektponuke: Monorpadus / H. U. boprapar [u ap.] ;
pen. YO. A. Yamnbirud ; MOCKOBCKMI TOCYIapCTBEHHBIN HHCTUTYT JIEKTPOHHON TeXHUKH. - M. : TexHo-
coepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nanuuue B 6ubmorexke TYCVYP - 20 3k3.)
2. JlparynoB B.I1. OcHOBBI HAHOAIEKTPOHHKH: YacOHOEe mocobue s By3oB / B. I1. [IparyHoB,
. I'. Heuspecthsiii, B. A. I'puauun. - M. : @usmarkuaura ; M. : Jloroc ; M. : YHuBepcurerckas KHUra,
2006. - 494 c. - ISBN 5-98704-054-X. - ISBN 5-89155-149-7 (nanuuue B 6undmoreke TYCVYP - 32 3k3.)

12.3. YueOHO-MeTOAHYIECKHE ITOCOOUS

12.3.1. O6s3aTe/IbHbIE Y4€OHO-METOAMYECKHE MOCOOUSs

1. Tposu ILE. HanosnekrpoHnuka: YueOHO-METOAUYECKOE MTOCOOUE 10 ayAUTOPHBIM MpaKTUYe-
CKHM 3aHITHSIM U camocTtositenbHoi padote / [1LLE. Tposa, FO.B. CaxapoB // uzn-Bo Tomckuit rocynap-
CTBEHHBII YHUBEPCHUTET CUCTEM YIPABICHUS U PaguodaeKTpoHukH, 2015. — 31 ¢ — [OnexTpoHHBIH pe-
cypc] [Dnextponnbii  pecypc] - Pexum  goctyma:  http://miel.tusur.ru/images/files/Uchebno-
metodicheskii_kompleks%?20disciplin/Sakharov/Nanoelectronics Practics.pdf, nara oOpalieHus:
29.05.2018.

2. Tposu ILE. HanosnekrpoHnuka: Y4eOHO-METOIMUECKOE IOCOOMe MO0 JabopaTOpHBIM
pabotam / ILE. TposH, }O.B. Caxapos. — Tomck: U3n-Bo ToMCK. roc. yH-Ta CUCTEM YIP. U PaIUO3IEKTPO -
Huku, 2010. — 52 c. — [DnekTpoHHBIH pecypc]. [DneKkTpoHHBIM pecypc| - Pexum nocryna:
http://miel.tusur.ru/images/files/Uchebno-metodicheskii_kompleks
%?20disciplin/Sakharov/Nanoelectronics_lab.pdf, nara o6pamenus: 29.05.2018.

12.3.2. YueOHO-MeTOAMYeCKHE MIOCOOMS JIs1 JIMI € OTPAHMYECHHBIMH BO3MOKHOCTSIMH 3/10POBbS H
HHBAJIM/I0B

Y4eOHO-MEeTOqMUECKNE MaTepUalbl ISl CAMOCTOSTEIBHON M ayTUTOPHOW paboThl 00ydaromumxcs
U3 YHCiIa JIUI C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMU 3/10POBbSl U MHBAIMIOB MIPEAOCTABISIOTCS B (OopMaXx,
a/IalITUPOBAHHBIX K OTPAaHMYCHHUSIM UX 3JI0POBbS U BOCIIPUATHUS HH(DOPMAITHH.

JJ1s1 JIMI ¢ HAPYIIEeHUSIMH 3PeHust:

- B (hopMe IIEKTPOHHOTO IOKYMEHTA;

- B IIeYaTHOW (hopMe YBETMYECHHBIM HIPHUPTOM.

JIJ1s1 JIMI ¢ HAPYIIEHUSIMH CJIyXa:

- B (hopMe IIEKTPOHHOTO IOKYMEHTA;

- B Ie"yaTHOU hopme.

JI71s1 JIMI ¢ HAPYIIEHHSIMH OTIOPHO-IBHIaTeJILHOTO anmapara:

- B (hopMe IIIEKTPOHHOTO IOKYMEHTA;

- B reyaTHou (opme.
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12.4. IIpopeccunonaibHbie 0a3bl JaHHBIX H HH(GOPMALMOHHBIE CIPABOYHBIE CHCTEMbI
1. Hayuno-o6pa3zoBarenbshblii moptain TYCVYP - https://edu.tusur.ru/

2. DnexTtpoHHas 6ubmmoreka - www.elibrary.ru

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

13. MaTtepuajibHO-TEXHUYECKOe o0ecnedyeHue TMCIUIINHBI U TPpedyeMoe MporpaMMHoe
o0ecneueHmne

13.1. O01ue TpeOOBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IIPOrPAMMHOMY 00ecrie4eHnI0
AUCHHUILIMHBI

13.1.1. MaTepuaJbHO-TEXHHYECKOE H IPOrPaMMHoOe o0ecnedyeHne ISl JICKIIMOHHbIX 3aHATHH
Jlns mpoBeneHus 3aHATUH JIEKIIMOHHOTO TUIIA, TPYIIIOBBIX M MHIAWBUYaJIbHBIX KOHCYJIbTALIUH, TE-
KYILEr0 KOHTPOJISL U MPOMEXKYTOUHON aTTECTALMU UCTIONb3YyeTcs yueOHasi ayTUTOpUs ¢ KOTUUECTBOM I10-
CaJIOuYHBIX MeCT He MeHee 22-24, 000pyAoBaHHAs TOCKOM W CTaHAApTHOW ydeOHO# mebenbro. Mmerores
JIEMOHCTpaIlMOHHOE 000pyA0BaHNUE U yUeOHO-HAITBIIHBIE TOCOOMs, 00ecIeunBaroIIie TeMaTHIeCKUEe Uil -
JIOCTPALIMHU 10 JIEKIMOHHBIM pa3jieiaM JTUCIUIUINHBI.

13.1.2. MaTepuaabHO-TEXHHYECKOE U MPOrpaMMHoOe ofecrevyeHne A1 NPAKTUYEeCKUX 3aHATHI

VYuebHas aymuTopus

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

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

Onucanue uMerouierocs 000pya0BaHuUsA:

- Kommutekt crienmanusupoBanHoi yueOHOW Mebenu;

- PaGouee mecTo mpermnoaBares.

[IporpamMmmHoe obecnieueHue He TpedyeTcs.

13.1.3. MaTepua/ibHO-TeXHUYECKOE U IPOrPaMMHoOe o0ecrnedyeHue sl JIadoOpaTOpHbIX padoT

JlaGopatopusi HAaHOZJIEKTPOHUKHA U MUKPOCHUCTEMHON TEXHUKU

yueOHas ayMuTopus Ui IPOBEACHUS 3aHATHI 1TaOOpaToOpHOTO TUIIA

634034, Tomckast o6macts, 1. Tomck, Bepmmauna ynuna, a. 74, 115a aya.

Ornucanue UMerIerocs 000pyI0BaHUS:

- Ocmutorpag ACK 1021;

- 'eneparop 3-34;

- Boastmerp B7-21;

- BonstmeTp B7-26;

- brnok nuranus b5-47 (2 wrt.);

- baok muranus b5-10;

- Muxkpockorn MBC — 9 (2 wr.);

- Uctounnk mutanus HY 3003 (2 mt.);

- Uctounuk nutanuss UTS5003ED (2 mit.);

- U3meputens momHocTu cBeToBoro noroka TES-133;

- JJabopaTopHbIe CTeHIbI: «DIEMEHTHl HAHOJIEKTPOHUKH: ONTO3IEKTPOHHBIC MPUOOPHI U YCTPOH -
CTBa», «JIEMEHThI HAHOZJIEKTPOHUKHU: JUObD», « ITE€MEHThI HAHOJIEKTPOHUKHU: TTOJIEBBIE TPAH3UCTOPBDY;

- Ucrounuk mutanus GPS 3030 DD;

- KommuiekT cnenuann3upoBaHHON yueOHOM MeOen;

- PaGouee mecto mpenogaBarens.

[IporpammHuoe obGecrieueHue He TpeOyeTcs.

13.1.4. MaTepuabHO-TEXHHYeCKOE U POrpaMMHOe odecriedeHue I CAaMOCTOATETbHOI padoThI
Jis caMocToATENbHON pabOThl UCHONIB3YIOTCS Yy4eOHbIE ayAUTOPUM (KOMITBIOTEpHBIE KIJIACCHhI),
PacCTIOJIOKEHHBIE TT0 aJpecaMm:
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- 634050, Tomckast o6macTb, T. Tomck, Jleanna mpocrexr, 1. 40, 233 ayn.;

- 634045, Tomckas obmacts, T. Tomck, yin. KpacHoapmeiickas, a. 146, 201 ayn.;
- 634034, Tomckast obnacTb, . Tomck, Bepmmauna ynuna, 1. 47, 126 ayn.;

- 634034, Tomckast obmacTs, T. Tomck, Bepmmanna ymuma, 1. 74, 207 aya.

CocTtaB 000py/IOBaHUS:

- yueOHasi MmeOerb;

- komneroTepsl kinacca He Hike [I9BM INTEL Celeron D336 2.8['T. - 5 miT,;

- KOMOBIOTEPHI MOJIKIIOUYECHBI K ceTu «/HTepHeT» U 00eCreYnBaroT JAOCTYI B AJIEKTPOHHYIO HH-
(dhopManmOHHO-00pa30BaTEIbHYIO Cpely YHUBEPCUTETA.

[Tepedens mporpaMMHOTO 0OECIICUEHUS:

- Microsoft Windows;

- OpenOftice;

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

- Google Chrome.

13.2. MaTepuajibHO-TeXHHYECKOe oOecredeHne TUCUMIIIMHBI JIS JIMI C OTPAHMYEHHbIMU
BO3MOKHOCTSIMH 310POBbSI 1 HHBAJIN/10B

OcBO€HHE NUCLUIUIMHBI JIMIIAMU C OTPAHUYEHHBIMH BO3MOXKHOCTSMH 370POBbS U MHBAJIHMIAMHU
OCYILECTBIIETCS C UCIIOIB30BAHUEM CPEICTB 00ydeHHs OOIIETO U CHEIMAIbHOIO Ha3HAUYCHHUS.

[Tpu 3aHATHAX ¢ 0OYYAIOLIUMUCS ¢ HAPYUIEHHSIMH CJIyXa [IPEeIyCMOTPEHO UCIOIb30BaHHUE 3BYKO-
YCUJIMBAIOIIEH anmapaTypbl, MyJIbTUMEIUHHBIX CPECTB U JPYTUX TEXHUUYECKHUX CPEACTB MpueMa/mepena-
i yueOHOM nH(pOpMaIuU B JOCTYMHBIX (hopMax, MOOUILHOM CUCTEMBI IIPENOIaBaHus 11 00yJaroIXcs
C MHBAJIHMIHOCTHIO, MOPTATUBHON MHIYKIIMOHHOW CUCTEMBI. YdeOHas ayIuTOPHsl, B KOTOPOU 3aHUMAIOTCS
oOyyaromyecsi ¢ HapylleHUEM cllyxXa, 000py/oBaHa KOMIIBIOTEPHON TEXHHUKOH, ayIMOTEXHHUKOH, BHUJEO-
TEXHUKOU, SJIEKTPOHHOMU JOCKOW, MYJIbTUMEAUMHON CUCTEMOM.

[Tpu 3aHATHAX C OOYYAIOUIUMUCS ¢ HAPYIIEHUSIMU 3PEHUSAMH [IPEyCMOTPEHO UCIIOJIb30BaHUE B
JICKIIMOHHBIX U y4EOHBIX ayAUTOPHUAX BO3MOKHOCTH IPOCMOTPA YAAICHHBIX 00OBEKTOB (HaIIpUMep, TEKCTa
HAa JIOCKE WM CJaif/la Ha 3KpaHe) MPU MOMOIIY BUACOYBETUUHUTENCH 1151 KOM(GOPTHOTO IPOCMOTpA.

[Tpu 3aHATHAX C 0O0y4YaIOLIMMUCS ¢ HAPYLIEHHUSIMH OIIOPHO-ABUIaTeIbHOIO almapara HCIOJb-
3YIOTCS aJIbTepHATHUBHBIEC YCTPOICTBA BBOAA HH(OPMAIIMU U IpYrHe TEXHUUECKHE CPe/ICTBA IprueMa/mepe-
naun yuyeOHOM MHPOpPMa B JOCTYIHBIX (hopMax, MOOMIIBHOW CHCTEMbI OOYUEHUs UIs JIIOJCH ¢ UHBA-
JUAHOCTBIO.

14. OIIeHO‘lHLIe MaTepHuajJabl  METOAUYECCKUE PEKOMEHIAUHU MO OPraHu3alluv U3yYCHUA
AUCHHUITINHbI

14.1. Coaep:xaHue OLEHOYHBIX MATEPUAJIOB U METOANYECKUE PEKOMEH AU
I[JISI OIICHKU CTCIICHU C(i)OpMI/IpOBaHHOCTI/I n ypOBHSI OCBOCHHA SaerﬂJIeHHBIX 3a HHCHHHHHHOﬁ
KOMIIETCHITUI MCTIONB3YIOTCS OIIEHOYHBIE MaTepUalibl B COCTABE:

14.1.1. TecToBbIe 3a1aHUA
1. ITo kakuM HanpaBJICHUSM OTPAHUYEHO JBIKEHHE 3apsKEHHBIX YaCTHI] B KBAHTOBBIX TOYKAX:
a) TOJIBKO 110 HAIPaBJICHUIO X
0) TOJIBKO MO HAIMpPaBIEHUIO Y
B) TOJIBKO 110 HAINIPaBICHUIO Z
T) [0 HarpaByeHusIM XYZ
2. Ilo xakuM HaIpaBJICHUAM OTPAHUYEHO JBIKEHHE 3apsDKEHHBIX YaCTUI] B KBAHTOBBIX TJICHKAX:
a) o HarpaBjIeHusM X U Y
0) TOJIBKO IO HANpaBJIEHUIO Y
B) TOJIBKO 110 HaNpaBJeHUIO Z
I') IO HampaBieHusIM X U Z
3. Ilo xakuM HampaBJICHUSIM OTPAHWYCHO JIBKCHUE 3apsHKCHHBIX YaCTHI[ B KBAHTOBBIX HUTSIX

(mrHypax):
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a) 1o HanpasieHusIM X U Y

0) 1Mo HampaByeHUIO Y U Z

B) TOJIBKO 110 HalpaBJIEHUIO Z

T') 110 HAIMPaBJICHUSIM X U Z

4. Kakoe MUHMMaJbHOE KOJMYECTBO PHEPreTUYECKUX YPOBHEH JOIKHO OBITh B KBAaHTOBOW sIME
JIBOMHOM reTepOCTPYKTYPHI:

a)0

0) 1

B) 4

r)9

5. MakcumaiibHast TONIIMHA KBAHTOBOU SIMBI JJIBOMHOM I€TEPOCTPYKTYPBI HE TOJKHA IIPEBBIIIATH:

a) 100 am

0) nnmuny BosiHbI [le Bpoiins ni1st anekTpoHa B KBAHTOBOM siMe

B) IJIMHY KOT€PEHTHOCTH

r) 10 am

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

a) 1%

6) 0,1 %

B)5 %

r) 8 %

7. B KakyIo U3 cBepXpeIIeToK BXOIAT MOTYITPOBOJAHUKH C OTUHAKOBBIM XUMUYECKUM COCTABOM:

a) KOMITO3UIIHOHHYIO

0) TerupoBaHHYIO

B) MOAYJIUPOBAHO —JIETUPOBAHHYIO

T') BO BCE MEPEUYHCIICHHBIC

8. Kakoil n3 METOA0B 3MUTAKCUH, MTO3BOJIAET MOIY4aTh KAUECTBEHHYIO I'€T€pPOIpaHUIly B Ie€TpoO-
CTYKTypax:

a) MOJIEKYJISIDHO — JIyueBast

0) XUMHUYECKOE OCAXKICHHE M3 Ta30BOM (a3bl MeTauioopranndeckux coeauHenuii (MOCVD)

B) JKUJIKOCTHAs

T') ra3oBas

9. Ilpu KakoM W3 TUIIOB HAYaJbHOM CTaJuM POCTAa, BOHUKAIOIIMX NPU OCAKICHUM aTOMOB Ha
MOJUIOXKKY U3 Ta30BOM (ha3bl, MPOUCXOAUT GOPMUPOBAHUE KBAHTOBBIX TOYEK:

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

6) Ctpanckoro — KpactanoBa (mpoMeKyTOYHBIHN THIT)

B) ®onbmepa — Bebepa (0cTpOBKOBBII pocT)

r) [Ipu Bcex nepeyncieHHbIX

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

a) YMEHBILIUTCS

0) yBeTUIHTCS

B) OCTAHETCS MOCTOSHHBIM

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

11. B xakux MmIOCKOCTSAX OYyIyT CyIIEeCTBOBAaTh YPOBHU JlaHnay, €cii BEKTOp MarHUTHOM MHIYK-
uuu B HampaBiieH BAOIb OCU Z, IEPIICHAUKYISIPHOM MII0cKocTH 2D-ra3a:

a) B INIOCKOCTU Z

0) B utockocTsaX X 1 Y

B) B IUIOCKOCTSIX Y U Z

T') B TUIOCKOCTSX X U Z

12. OT uero 3aBHCUT CONPOTUBIICHNE OATITUCTUYECKOI KBAHTOBOM MPOBOJIOKH

a) OT CEYCHHS

0) OT JJIMHBI

B) HE 3aBUCUT OT FT€OMETPUUECKHUX Pa3MEPOB U PABHO HYIIIO
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T') OT CEUCHHUS U JJIMHBI

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

a) YMCHBIIIUTCSA

0) yBeIMYUTCS

B) OCTAHETCS IMOCTOSTHHOM

T') MOXKET YMEHBIIUTHCS WK YBEIHYUTHCS B 3aBUCUMOCTH OT MaTEPHUAJIOB TETEPOCTPYKTYPHI

14. TIpakTyeckoe MpUMEHEHHE TIeI0UUCIIeHHOTO ¢ dekra Xormna

a) ATAJIOH CUJIbI TOKA

0) 9TaJI0OH CONMPOTHBIICHUS

B) 3TAJIOH HAIIPSDKEHUE

T') 3TaJIOH 3apsia

15. Kak u3MeHUTCS MOBEPXHOCTHASI TUIOTHOCTh KBAHTOBBIX TOYEK MPH YBEIWYCHUH TEMIIEPATYpPhI
MOJUTOKKH B TMPOLIECCE OCAXKIACHUS

a) YBEIMUYUTCS

0) YMEHBITUTCS

B) OCTAHETCS MOCTOSTHHOM

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

16. Kakoii KBaHTOBBIH APPEKT JEKUT B OCHOBE pabOTHI ONTHYECKUX MOIYISATOPOB

a) a¢pdexr LlTapka

0) addekr Ixo3edcona

B) ad ekt Xomra

r) apdexT 3eemana

17. Kakoit kBaHTOBBIN A(h(PEKT JICKUT B OCHOBE pabOTHI CBEPXIPOBOSIIETO KBAHTOBOTO HHTEP(DE-
penumonHoro natanka (CKBUJ)

a) a¢pdexr LlTapka

0) addekr Ixo3edcona

B) 3¢ ekt Xomra

r) apdexr AaporoBa — boma

18. YeM MOXHO OOBSICHUTD CYIIECTBOBAHUE IeI0YMCICHHOTO dhdexT Xomna

a) KBAaHTOBBIM OTPaHUYCHHEM

0) ypoBHsamu Jlanmay

B) TYHHEJIBHBIM 3 PEeKTOM

T') pa3MEepHBIMHU YPOBHIMHU

19. Ot yero 3aBUCUT YUCIIO YPOBHEW B MUHU30HAX CBEPXPEIIECTKU

a) OT TOJIIIMHBI KBAHTOBBIX SIM

0) OT yKclia KBAHTOBBIX SIM

B) OT TOJIIITUHBI 0APHEPOB

T) SIBJISIETCS] TOCTOSIHHOM BETUYMHON

20. Kakoit u3 METOZIOB SMUTAKCHH MOXET OBITh UCIIONBH30BaH MPHU W3TOTOBJICHUU 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 orpanndeHne. KBaHTOBBIE TOUKH.

3. Bonna [le bporinsa. KBantoBoe orpanndenue. KBaHTOBbIE HIHYPBL.

4. I'erepocTpykTypbl. DHepreruueckas nuarpamma JI'C. OcHoBHbIe TpeOOBaHuUs, PEAbSIBIIEMbIE
K FeTepOCTPYKTYpaM. MeTo/bl U3rOTOBJIEHUS FE€TEPOCTPYKTYD.

5. CBepxpemeTki. DHepreTu4ecKue AuarpaMMbl CBEpXpeleTOK. MUHU3OHBI.

6. CBepxpelieTki. JHepreTHueckue quarpaMmsel cBepxpeieTok. CBOWCTBO 3JEKTPOHOB B CBEPX-
pelIeTKax.
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7. bamnctuyeckuit Tpancnopt. KBaHnT conporuBiennsa. KBaHT npoBOAMMOCTH.

8. CriocoOrl (hopMHUpOBaHUS KBAHTOBOPA3MEPHBIX CTPYKTYp. POpMHUpOBaHHE KBAHTOBBIX TOYEK.

9. Crioco6b!1 (hopMHPOBaHUST KBAHTOBOPA3MEPHBIX CTPYKTYp. DopMupoBaHrHEe KBAaHTOBBIX MPOBO-
JIOK.

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

11. JIByMEpHBII 37E€KTPOHHBIN I'a3 B MAarHUTHOM ToJie. YpoBHHU Jlannay.

12. llenouncnennslii ¥ ApoOHBIHN 3P dexT Xoma.

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

14. Tynnenbnbiit 3gdext. Koaddurment npospaunoctu 6apbepa. Pe3oHaHCHBIN TyHHEIBbHBIN 3(]-
(exT.

15. Dddexr Ixozedcona. [Ipakrnueckoe mpumenenne ¢ dexra Jxozedcona.

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

17. KynonoBckast 6mokana. KymoHoBckast 6yiokana ¢ AByMs TYHHEIBHBIMH TIEPEXOAaMH OJMHAKO-
BOM IIPO3PAYHOCTH.

18. Kynonosckas 6mokana. KymoHnoBckas 610kana ¢ IByMsi TYHHEIBHBIMH TIEPEXOAaMH PA3TMIHON
IIPO3PAYHOCTH.

19. Corynnenuposanue. [ ne Habmogaercs. [IpuanHebl.

20. Pe3onancHO TyHHebHBIN auon. Konctpykuus. DHeprerudeckas nuarpamma. [Ipunnun pabo-
Tbl. BAX.

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

22. OHOAIEKTPOHHBIN TpaH3ucTop. KoHcTpykius. DHepreTndeckas auarpamma. [Ipuniumn pabo-
Thl. [lepenaTounbie U BEIXOIHbBIE XaPAKTEPUCTUKH.

23. HEMT tpanzuctopsl. Koncrpykiiuu pHEMT Ttpansuctopos. [lpuamun padotsr. Ilepenatou-
HbI€ Y BBIXOJHBIC XapakTepucTuku. [Ipumenenue.

24. HEMT Ttpan3uctopsl. Konctpykiun mHEMT tpansuctopoB. [Ipunnun pa6otsl. [lepenatou-
HbI€ Y BBIXOJHBIC XapakTepucTuku. [Ipumenenue.

25. Ceeroguonbl u na3epsl Ha ocHoBe [II'C. KoHcTpykuus. DHepretudeckas auarpamma. [Ipun-
un padotel. OCHOBHBIE XapakTepucTuku. [IpuMenenue.

26. Ceroauossl 1 1azepbl Ha ocHOBE JII'C u kBaHTOBBIX Touek. Koncrpykiuu. [TpuHiun paboTsl.
JloCTOMHCTBA M HETOCTATKH.

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

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

29. Ontrueckue MomysTopel. KoHCTpykius. DHeprernyeckas auarpamma. [IpuHmum paboTsl.
IIpumeHeHue.

30. JlaBunnbie ¢poromaunoapl. Konctpykmus. DHepreTudeckas auarpamma. [Ipunnun padotsr. [pu-
MEHEHHE.

14.1.3. Tembl KOHTPOJILHBIX pPadoT
TeMbl KOHTPOJIbHBIX PaloT:
. Onpenienenue BosHbI e bpoiins
. OnpesienieHre SHEPTETHUECKUX COCTOSTHUN B KBAHTOBOU SIME
. 2D-371eKTpOHHBIN T'a3 B MATHUTHOM I10JIE.
. HenouncneHHslit 1 1poOHBINA KBaHTOBBIN 3¢ ekt Xoia.
. TyHHenbHBIH 3D exT.
. Ontuueckue moxynsatopsl. Dddext lTapka.
. CBeTonoipl Ha OCHOBE I'€TEPOCTPYKTYP ¢ KBAHTOBBIMU SIMAMHU.
. Uadpaxpacusie GpoTonprueMHHUKH.
. KBaHTOBBIE KacKaHBIE Ja3€ePHI.
10. OgHO27EKTPOHHOE TYHHEIMPOBAHUE.
Bapuant Nel (temsr 1 - 3)
1. Onpenenuts nuHy BoHbI e bpoitst nis anekTpona ¢ sHepruei 2 5B.
2. IIpoton oGnanaer kunetnueckoi sHepruedt T = 1 k3B. OnpenenuTs TOMOIHUTENBHYIO SHEP-

O 01N DN B W~
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THI0, KOTOPYIO HEOOXOAMMO €My COOOIIUTH JIJIsi TOTO, YTOOBI AJTMHA BOJH J¢ bpoiiis yMeHbIINIach B TPU
pasa.

3. Nmeerca JII'C Ha ocHoBe AlAs/AlxGal-xAs/AlAs. TonmmHa KBaHTOBOW SIMBI COCTaBIsieT 4,5
HM. OnpeaenuTh MaKCUMaIbHBIA X TTPH KOTOPOM B KBAHTOBOU siME OyJIET OJMH YHEPTEeTHYECKUNA YPOBEHbD.
CrpaBouHbIe JaHHBIE I MAaTEPUANIOB B3SITh U3 CIPaBOYHUKA. D((HEKTUBHBIE MACCHI CUUTATH MOCTOSH -
HBIMU U IPUPABHSATH K CPETHUM 3HAUCHUSIM

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

Bapuant 2 (temsr 4-7)

1. Haittu BeposiTHOCTH mipoxoxaeHust D u otpaxkenust R s anektpona ¢ snepruent 3,2 3B, npo-
JIETAIOLIETO HaJ MOTEHIHMAIBHBIM OaphepoM BHICOTOH 2,5 3B u npotskeHHOCThIO 8§ HM. D(PPeKTuBHYIO
Maccy IPUHATH PaBHOW Macce 3JeKTPOHA B COCTOSIHUU MOKOSI.

2. OnpenenuTh TOMIIMHY KBAaHTOBOM sIMBI 17151 cBepxpelieTku Ha ocHoBe GaAs/GalnAs/GaAs npu
KOTOPOW OHA MOKET OBITh MCIONBb30BaHa s Moxyisiiuu u3nydeHus Nd:YAG nazepa ¢ JIMHOM BOJTHBI
1,064 mMxmM.

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

4. Omnpenenuts NIUHY BOJHBI M3IYYCHHS IS CBETOAMONA HAa OCHOBE TETEPOCTPYKTYPHI
GaN/InxGal-xN/GaN (x=0.25). Tommuna 6apbepoB cocTtaBisieT 10 HM, TONIMHA KBAaHTOBOW SIMBI CO-
cTaBisieT 4 HM.

BapuanTt 3 (Temsr 8-10)

1. OnpenenuTh MAKCUMATbHYIO M MUHIUMAIILHYIO JJIMHY BOJHBI peructpupyemoro MK-uznydenus
IU1s cBepxpenieTku Ha ocHOBe AlGaAs/GaAs

2. Onpenenuth MaKCUMAIBHYI0 1 MHHUMATBHYIO JUTHHY BOJHBI U3TYYEHUS NIl KBAHTOBOTO Kac-
KaJIHOTO Ja3epa Ha ocHOBe cBepxpemeTkn AllnAs/InGaAs/AllnAs. Hlupuny 3anpemierHoi 30861 AllnAs
npuHATH 1,5 3B

3. OnpeneauTh MaKCUMaIbHYIO €MKOCTh JJII TYHHEIBHOTO Mepexo/ia Mpu KOTOPO BO3MOXKEH (-
dexT onHoanekTpoHHoro TyHHeupoBanus st T=300 K u T=1 K

4. OnpenenuTh MaKCUMaIBHYIO TEMITEpaTypy, MPU KOTOPO BO3MOKHA paboTa OTHODIIEKTPOHHOTO
TPaH3UCTOpPa C TOMOJOrHYecKUMH pazmepamMu 100 HM, BBINOJTHEHHOTO MO TEXHOJOTHH H3OJSIIHH HM-
IJIAaHTUPOBAHHBIM KucIopoaoM (SIMOX) u umeromiero mumpuHy 3a3opa 35 HM.

14.1.4. Tembl 0IPOCOB HA 3aHATHAX

[TpenmeT aucuuniauHbl U ee 3aa4d. OCHOBHBIE 3Tallbl HCTOPUUYECKOTO Pa3BUTHs HAHOMIEKTPOHHU -
KU U HaHOTeXHOoJIOTUU. CBA3b C IPYTMMHU JUCUMILIMHAMU. 3a/1a41 Kypca.

Bonner Jle bpoitisa. KBantoBoe orpannyenue. KBaHToBO-pa3MepHble 0OBEKTHI M UX KIacCUpUKa-
1usi. [loaynpoBOIHUKOBBIE HAHOT€TEPOCTYKTYPhl. DHEPreTHUeCKHe IuarpaMMbl HAaHOTETPOCTPYKTYP.
TpeOoBaHusi, npeabsBIsieMble K HaHOreTepocTpykTypaM. J(BoitHbie rerepocTpykTypsl (AI'C). Cepxpe-
nietkd. [loaynmpoBOoAHMKOBBIE CBEpXpEIIeTKH. Buibl CBepXpemeTok. DHEpPreTU4YecKue auarpammbl
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 Mpu (OPMUPOBAHUU KBAHTOBBIX ToueK. Pasmep um ¢opma octpoBkoB. Bepru-
KaJIbHbIE MAaCCHBBI KBAHTOBBIX TOYEK.

2D-3neKTpOHHBIHM Ta3 B MarHUTHOM 1osie. Llenouncnenusiii u 1poOHbIi KBaHTOBBIN 3¢ dekt Xoim-
na. O¢ddexr AaponoBa-boma. Dddekr lllrapka. KBanroBo-pazmepnsiii a¢dexr Llltapka B rereponano-
CTPYKTypax ¢ KBaHTOBBIMH siMaMH. TyHHenbHbINH 3 dext. Dpdext [xo3edcona. Kynonosckas 6mokana.
KynoHnosckast 6;10kafa ¢ OAHUM TYHHEJIbHBIM mepexoaoM. KynoHoBckast 010kaga ¢ AByMsI TYHHEJIbHBIMU
nepexonaMu. COTyHHEIMPOBAHUE.
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[TpuGops! Ha Pe30HAHCHOM TYHHEIMPOBaHUH. [[MO/IbI HA PE30HAHCHOM TYHHEJIUpOBaHUU. TpaH3u-
CTOpBI Ha PE30HAHCHOM TYHHENIUpOBaHUU. Jlormueckue >MeMEHThl Ha PEe30HAHCHO-TYHHENIbHBIX MpUbo-
pax. IIpuGopbl Ha OAHOZIEKTPOHHOM TyHHEIUPOBAaHUU. OIHOAIEKTPOHHBIN TpaH3uCcTOp. OIHOINEKTPOH-
HBI Hacoc. OHO3EKTPOHHAS MaMsTh. YCTPOMCTBAa Ha OCHOBE cBepxpemeTok. MubpakpacHbsie ¢oTo-
npueMHHUKH. CBEepXpeuIeTKH B JIa3epHbIX CTpYKTypaXx. KBaHTOBBIE KacKaaHble Ja3epsl. JlaBuHHbBIE (HOTO-
nuonabl. OnTHYeCKHe MOAYISATOPHI. TpaH3ucTOpH! ¢ BhicokoW moaBmkHOCThI0 HEMT. O630p mporpamm-
HBIX CPEJICTB I MOJCITUPOBAHUS IPUOOPOB M YCTPOUCTB HAHODIIEKTPOHUKH.

14.1.5. Tembl HHANBHUAYAJTBbHBIX 321aHUI
Tembl THAMBHUIYaTbHBIX 33IAHUN:
1. CBeToanoibl HA OCHOBE FETEPOCTPYKTYP C KBAHTOBBIMU SIMAMU.
2. UK — poTonpueMHUKN Ha MHOTOCIOWHBIX T€TEPOCTPYKTYpax.
3. KBaHTOBBIE KaCKaJHbIE JA3€PHI.
Tema TUIIOBOTO MHAMBUYATIBHOTO 3a1aHUS:
CBeTOaMO/IbI CUHETO CIIEKTPA.
ConeprkaHre WHIUBUIYAIBHOTO 3a/1aHUS:
1. Beibop maTepuanioB Kpucraiia.
2. Pacuer napameTpoB Marepuaia KpucTauia.
3. [locTpoeHune TEXHOIOIrMYECKOro MapuIpyTa U3rOTOBJICHHS KpUCTALIA.
Ncxonnple ganHbIE U1 pacyera:
OCHOBHAsl JUIMHA BOJHBI U3nydeHus — 450 HM.

14.1.6. Tembl 1a00paTOpHBIX padoT
TynuenpHbIN Qe
HccnenoBanue aIEKTPUYECKUX U ONTUYECKHUX XapaKTEPUCTUK CBETOJMOJOB HA OCHOBE I'€TEpO-
CTPYKTYpPBI C KBAHTOBBIMU SIMAMH
HccnenoBanne xapakTepUCTUK TPAH3UCTOPA C BHICOKOW MOABMKHOCTHIO 31eKTpoHOB (HEMT)
HccnenoBanue TeMrepaTypHO 3aBUCUMOCTH 3JIEKTPUUECKUX M ONTUYECKHUX XapaKTEPUCTHK CBe-
TOJMOJIOB HA OCHOBE T'€TEPOCTPYKTYP C KBAHTOBBIMU SIMAMH

14.1.7. MeTonn4eckue peKoMeHAalNU
KoHncniektnpoBanue neKkuid siBisieTcsi 00s3aTenbHbIM. [ Torycka K 9K3aMeHY JOJDKHBI OBITh
BBITIOJIHEHBI BCE JTa0OpaTOpHBIE M KOHTPOJIBbHBIE Pa0OThI IPETYCMOTPEHHBIE TNIAHOM.

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

KaTeropI/m BI/I)II)I JOIIOJIHUTCIIBHBIX OIICHOYHBIX q)OpMBI KOHTPOJIA U OUCHKH
o6yqa}01u1/1x051 MaTcpualioB PE3YJIbTATOB O6yquH${

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 ONpoC M0 TEPMUHAM (MHIUBUYaJIbHO)
C HapylieHUs MU Pemenue qucTaHIIMOHHBIX TECTOB,
OIIOpHO- KOHTPOJIbHBIE Pa0OThI, MUCbMeHHbIe | [IpenMyliecTBeHHO AUCTaHIMOHHBIMU
JIBUTATEJILHOTO CaMOCTOSITeNIbHBIE PabOTHI, BOIIPOCHI K METOIaMU
anmnapara 3a4eTy
C orpannuenusiMu 1o | TecTbl, MUCbMEHHBIE CAMOCTOATEIbHBIE [IpenmyniecTBEHHO IPOBEPKa
00IIeMeTUITTHCKIM paloThl, BOIIPOCHI K 3a4eTy, METOJIaMU UCXOMS U3 COCTOSHUS
MOKa3aHUsM KOHTPOJIbHbIE Pa0O0ThI, YCTHBIE OTBETHI | OOYYalOIErocsi Ha MOMEHT NPOBEPKU
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14.3. MeToanueckue peKOMeH/IALMH 110 OLIeHOYHBIM MaTepuajaM AJs JUL ¢ OTPAHUYEHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

Jis M1l ¢ orpaHUYEeHHBIMH BO3MOXKHOCTSIMHU 37I0POBBS M MHBAJIUIOB HPEAYyCMAaTPUBACTCS J10-
CTymnHas (hopMa IpeJO0CTaBICHUS 3aJaHNI OLIEHOYHBIX CPEJICTB, & UMEHHO:

- B IleyaTtHoi (opme;

- B IIeYaTHO (hopMe ¢ YBETHUEHHBIM MIPUPTOM;

- B (hopMe 3NIEKTPOHHOI'O IOKYMEHTA;

- METO/IOM YTE€HUS ACCUCTEHTOM 3a/1aHUs BCIYX;

- IIPEIOCTaBJICHNE 3aJJaHUsl C UCIIOJIb30BaHUEM CYpPJIOTIEPEBOIA.

Jlumam ¢ OrpaHWYEHHBIMH BO3MOXKHOCTSIMH 3JIOPOBBSI M MHBAIHIAM YBEIHMYUBACTCS BpeMs Ha
HOJI'OTOBKY OTBETOB Ha KOHTPOJIbHBIE BONPOCHL. [l TaKUX 00ydaromuxcs MpeycMaTpuBaeTcsl JOCTYII -
Hast popmMa mpeToCTaBICHHS OTBETOB HA 3a/IaHUs, @ IMEHHO:

- MUCbMEHHO Ha Oymare;

- HabOp OTBETOB Ha KOMIIBIOTEPE;

- Ha0Op OTBETOB C MCITOJIH30BAHNUEM YCIIYT aCCUCTEHTA;

- IIPEJICTaBJICHUE OTBETOB YCTHO.

[Tponienypa orieHUBaHUS PE3yIbTATOB OOYYEHHS JIMIl C OTPAaHUUYEHHBIMH BO3MOKHOCTSIMH 3/10pO-
BbsI M1 MHBAIHJIOB IO JMCIUIUIMHE TPEITyCMaTPUBACT MPEIOCTaBIeHne HHpopManuy B popmax, aaarnTH -
POBaHHBIX K OTPAHUYECHHUSAM HX 370POBBS M BOCIPUATHS HH(POpMALIUK:

JL1s1 I ¢ HAPYIIEHUSIMH 3PeHust:

- B (hopMe INIEKTPOHHOTO IOKYMEHTA;

- B [e4aTHOU (hopMe yBETMYEHHBIM HIPUPTOM.

J1s1 1M1 ¢ HAapyIIeHUsIMH CJIyXa:

- B (hopMe INIEKTPOHHOTO TIOKYMEHTA;

- B IeyaTHou (opme.

J1s1 1M1 ¢ HAapyIIeHUsIMM ONIOPHO-ABUIaTe/IbHOI0 annapara:

- B (hopMe IIEKTPOHHOTO IOKYMEHTA;

- B IeyaTHoOU (opme.

ITpu HEOOXOMUMOCTH /TS JIUI] C OTPAaHUYEHHBIMHU BO3MOXHOCTSIMU 3/I0POBbs U MHBAJIUI0B IpOILIE-
Jypa OIICHWBAHUSI PE3yIbTaTOB 00yIEHHUsI MOXKET MPOBOUTHCS B HECKOIBKO ITAIOB.
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