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«TOMCKH TOCYJIAPCTBEHHBI YVHUBEPCUTET CUCTEM
VIIPABJIEHUS U PAJTMODJIEKTPOHUK
(TYCYP)

HTYOCYR| e sumprncera
‘1" UNIVERSITY JlupexTop nenapraMmeHTa 00pa3oBaHuUs

JosyraesT NOgNHCa 3NEKTIOHMDR NDINHCkLH

Ceprugamar: 1obcfala-5laf-448-aef0-5584d2fd4820
Bragesey: Tpoawm Magen Edmpmosms

LeacTaatengs: ¢ 1001, 2016 no 16092010

PABOYAA [TPOI'PAMMA JIUCHUITVIMHD
HanodekTpoHuka

VYpoBeHb 00pa3oBaHus: BbIcIee 00pa3oBaHue - fakajgaBpuaT

Hampasnenue noaroroBku / cneruaibHOCTh: 11.03.04 J1eKTPOHMKA U HAHOYJIEKTPOHHKA
HanpasnenHocts (po¢uis) / cienpanu3anus: IIpoMplieHHAst 31eKTPOHUKA

®dopma 00ydeHHs: 3a09HAS

QaxynbreT: 3uB®, 3a04Hblil 1 BeuepHuil paxkyabTeT

Kadenpa: [Ip3, Kadeapa npomMbinieHHOH JIEKTPOHUKH

Kypc: 4

Cemectp: 7, 8

Y4eOusiii mnan Habopa 2018 rona

PaCHpe,Z[CJ'IeHI/IC paGoqero BpEMCHU

Ne Buapl yueOHO A€SITEIBHOCTH 7 cemecTp 8 cemectp Bcero J2B107080%000
1 | JIexuun 4 0 4 JacoB
2 |IIpakTHueckue 3aHATHS 2 4 6 4acoB
3 | JlaGopaTopHbie pabOTHI 0 4 4 JacoB
4 | Bcero aymuTOpHBIX 3aHATHH 6 8 14 4acoB
5 |CamocTosTenbHas paboTa 66 55 121 4acoB
6 | Bcero (6e3 ax3amena) 72 63 135 4acoB
7 |IloaroroBka M cava HK3aMeHa 0 9 9 4acoB
8 | OO6mas TpyI0eMKOCTh 72 72 144 JacoB
4.0 3.E.

KonTponbHbie paboThl: 8 cemecTp - 1
Ox3ameH: 8 cemecTp

Tomck 2018
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Paccmotpena u omoOpeHa Ha 3aceJaHuu Kadeapsl
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 (crermanbHocTH) 11.03.04 DnekTpoHMKa M HAHOZJIEKTPOHUKA, yTBepkaeHHoro 12.03.2015 rona,

paccMoTpeHa u omoOpeHa Ha 3acemaHuu kKadeapbel @D« » 20 roma, mMpOTOKOI
Ne .

PazpaboTuuk:

HouenT xag. @O 1O. B. Caxapos

3aBenyronmii o0ecnieunBaromeii kad.
O5) I1. E. Tposin

Pabouast mporpamMmMa IUCIMITIIMHBI COIIACOBaHa ¢ (DaKyIbTETOM U BBINTycKaroueil kadeapoii:

Jexan 3uB® . B. Ocurmos
3aBeAyIOIHi BRITYCKAIOIICH Kad.

IIp> C. I'. Muxaib4eHKO
OKCIIepTHI:

Jomuent kadeaps! GpU3NIECKON IJIeK-
TpoHuku (D) N. A. Yucroenosa

[Ipodeccop xadeapb TPOMBIIILIIECH-
Hoit snekTponuku (I1p2) H. C. Jlerocraes
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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
Juctummnaa «Hanosnexkrponuka» (b1.6.15) otHOCcHTCs K O1oky 1 (6a3oBast 4acTs).
[TpenmecTBYIOUMMEI AUCUUILTHHAME, (JOPMHUPYIOIIMMH HadallbHBIE 3HAHUSA, SBIAIOTCA: KBaHTO-
Basl M ONTHYECKAs AJEKTPOHUKA, MaTtemaTuka, Marepualibl 3JIEKTPOHHOW TEXHUKU, MUKPO3JIEKTPOHHKA,
TBepaorenbHas 3neKkTpoHrKa, Ousnka, Gu3rka KOHIEHCUPOBAHHOTO COCTOSTHUS, XUMHUS.
[Tocnenyromumu AMCUUIUIMHAMU ABIstOTCA: [IpoekTHpOBaHNE KITIOYEBBIX YCTPOMCTB.

3. TpeOGoBaHus K pe3yJbTATAM OCBOCHUS JUCHUIIMHBI

[Tpouecc n3yueHus: AMCUUILIMHBI HApaBjieH Ha (POPMUPOBAHUE CIEAYIOIUX KOMIIETEHIUH:

—  OIIK-2 criocoGHOCTBIO BBISBIATh €CTECTBEHHOHAYYHYIO CYIIHOCTh MPOOJIEM, BO3ZHUKAIOIINX
B X0Jle Mpo(ecCHOHATbHON AEATENbHOCTH, NPUBJIEKATh A MX PELICHHUs COOTBETCTBYIOLIMM (pU3HKO-
MaTeMaTHYECKUH arapar;

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

— IIK-1 criocoOHOCTBIO CTPOUTH MpocTelIne pUu3nueckrue U MaTeMaTHUYeCKHe MOJIEIH Mpuoo-
POB, CX€M, YCTPONCTB M YCTAHOBOK 3JIEKTPOHUKHU U HAHORJIEKTPOHUKH Pa3IMYHOrO (hYHKIIMOHAJIHHOTO
Ha3HA4Y€HUs, a TAK)KE MCIOJIb30BaTh CTaHAAPTHHIE MPOTPAMMHBIE CPEACTBA UX KOMIIBIOTEPHOTO MOJIENIHN -
pOBaHUS;

B pesynpTare u3ydeHus: IMCIUIIIMHBI 00YyJatOIUNACS TO0JIKEH:

— 3HATh COBPEMEHHOE COCTOSHHE M TEHJCHILNHU Pa3BUTUS HAHODJIEKTPOHUKH U U3MEPUTEIBLHON
TE€XHUKH; OCHOBHOM (PU3MKO-MATEeMAaTHUECKUI ammapat, IPUMEHSIEMBbI NMPU PELIeHUH 3a/1a4 HaHOJIEK-
TPOHUKH; OCHOBHbIE (PM3UKO-MaTeMaTHYeCKue MOJIEIH MPUOOPOB U YCTPOMCTB HAHOAJIEKTPOHUKH, a TaK-
7K€ OCHOBHBIE ITPOIPaMMHBIE CPENICTBA AJIS UX MOJIEITMPOBAHMS.

— yMeTb IIPOBOJUTH MOUCK HAYYHO-TEXHUYECKOW JUTEpaTypbl B 00JaCTH MUKPO- U HAHOAJIEK-
TPOHUKH C UCIOJIb30BaHNEM NH(POPMALMOHHBIX TEXHOJIOTUI; POBOAUTH U3MEPEHNSI OCHOBHBIX ITapaMeT-
pPOB NMPHOOPOB U YCTPOUCTB HAHOAIEKTPOHUKH PA3TUYHOTO (PYHKIIMOHAIBHOTO HAa3HAYEHUS; UCIIOJIb30-
BaTh (DPU3MKO-MaTeMaTU4EeCKUH anmapar JJis pelleHUs 3afad HAaHOIJIEKTPOHUKHU; CTPOUTh IPOCTEHIINE
du3nueckre 1 MaTeMaTH4eCKHe MOJIENIM MPUOOPOB U YCTPOHCTB HAHODICKTPOHUKU PA3IMYHOTO (PYHKIIH-
OHAJILHOTO HAa3HAYEHHUS C UCIIOJIb30BaHUEM IIPOTPAMMHBIX CPEICTB MOJCIUPOBAHHS.

—  BJAJeTh METOAMKOW aHaln3a HaydYHO-TEXHHUYECKOHM JINTEpaTyphl B 00JaCTH MHUKpPO- U HAHO-
AJIEKTPOHHUKH; OCHOBHBIMH METOIMKAMH M3MEPEHUsI OCHOBHBIX NapaMeTpOB MPUOOPOB M YCTPOUCTB Ha-
HOAJIEKTPOHUKHU PA3TUYHOTO (PYHKIIMOHATFHOTO HA3HAUCHHUS; METOAMKON pacyeTa OCHOBHBIX apfmMeTpoB
HHU3KOPAa3MEPHBIX CTPYKTYP; OCHOBHBIMH METOAMKAMH NOCTPOECHUS (HU3NUYECKUX U MAaTEMAaTUYECKUX MO-
neneit mpubOpOB U YCTPOUCTB HAHOAJIEKTPOHUKH PA3TUYHOrO (PYHKIIMOHATBFHOTO Ha3HAUCHHMS, & TAKXKe
MX MOJEIMPOBAHMs C HCIOJIB30BaHUEM NIPOTPAMMHBIX CPENICTB.

4. O0beM QUCHHUILIMHBI U BUABI Y4eOHOI padoThl
OO01mast TpyI0eMKOCTh AUCIUILTHHBI COCTaBIIsAeT 4.0 3a4eTHBIX IMHUIIBI U MIPEJICTABICHA B Ta0JIH -
ne 4.1.
Tabmuma 4.1 — TpyA0eMKOCTh TUCIUILTHHBI

Bunbl yueOHOI nesTebHOCTH Bcero gacos CemecTpsl
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7 cemecTp 8 cemectp
AynuTtopHble 3aHATUSA (BCETO) 14 6 8
Jlexknuu 4 4 0
[IpakTnueckue 3aHATHS 2 4
JlaboparopHbie pabOTHI 4 0 4
CamocrosTenbHas paboTa (BCero) 121 66 55
[TonroroBka Kk KOHTPOJILHEIM paboTam 31 20 11
OdopmieHre oT4eTOoB 110 Ja00paTOPHBIM 8 0 8
pabotam
[ToaroroBka k 1aboparopHbeIM paboTam 8 0
[TpopaboTka JICKIIMOHHOTO MaTepHraia 12 12 0
CamocTosTenpHOe H3ydeHne TeM (BOIpOCoB) 36 20 16
TEOPETUYECKOM YacTu Kypca
[ToaroroBka K NpakTUYECKUM 3aHATHUSAM, 22 10 12
ceMuHapam
BrImotHeHHE KOHTPOJIBHBIX padoT 4 4 0
Bcero (6e3 sx3amena) 135 72 63
IToaroroBka 1 caya sK3amMeHa 9 0 9
OO6miast TpyI0€MKOCTb, 4 144 72 72
3aueTHnie EquHuIibe 4.0

5. Coneprxxanue IMCUMILTHHBI

5.1. Pa3gennl AMCHUILIAHBI K BUALI 3AaHATHNA
Paziensl TUCIUIUTMHEI ¥ BUBI 3aHATUN PUBEICHBI B Ta0muiie 5.1.
Tab6muma 5.1 — Pa3gensl AUCHUIUIMHEL U BUABI 3aHSITHH

= o o 2 6 =
2 = < g | 83 5 2
? S s s S 2 0
Hazpanus pa3aenoB 1UCHUIUINHBI i ® o, o, o 2 &5
= 5 = s 5 o S =
S, < < 09 % g
7 cemecTp
1 ®u3nueckre OCHOBBI HAHOAIEKTPOHHU- 2 2 0 38 42 | OIIK-2, OIIK-
KH 7, IIK-1
2 Cnoco6sl (hopMUpOBaHUsI KBAHTOBO- 2 0 0 28 30 | OIIK-2, OIIK-
pa3MEpPHBIX HAHOCTPYKTYP 7, 1IK-1
HWroro 3a cemectp 4 2 0 66 72
8 cemectp
3 KBanToBbIC 3P hEKTHI 0 2 0 20 22 | OIIK-2, OIIK-
7, ITIK-1
4 DneMeHTHI U TPUOOPHI HAHOAJIEKTPOHH- 0 2 4 35 41 OIIK-2, OIIK-
KU 7, TIK-1
Hroro 3a cemectp 4 55 63
Hroro 4 121 135
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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)

o L=
= 2 E
s | i
= > O
HaszBanus pasznenos Copeprkanue pa3aesnoB JUCHUILTUHBI (110 JIEKIUSM) 5 ) &5
= i:
a o 2
= S
7 cemecTp
1 duznyueckue 0OCHOBBI Bounnst Jle bpoiina. KBantoBoe orpannuenue. Kean- 2 OIIK-2,
HAHO3JIEKTPOHUKH TOBO-pa3MepHbIe 00BEKTHI M UX Kiaccudukanus. [To- OIIK-7,
JIYITPOBOTHUKOBBIE HAHOTETEPOCTYKTYPbI. DHEPreTH - IK-1
YeCcKHe JUarpaMMbl HAHOT€TPOCTPYKTYp. TpeboBa-
HUS, IPEAbABIIEMBIE K HAHOT€TEPOCTPYKTYPaM.
JBoiinble rerepocTpykTypsl (JI'C). CBepxpeeTku.
[TonynpoBoHUKOBBIE CBEpXpELIETKU. Buabl cBepxpe-
LIETOK. DHEPreTUUECKHE TUarpaMMbl CBEPXPELIETOK.
MUHU30HBI. DHEPTeTUYECKHUI CIIEKTP JEKTPOHOB B
cBepxpemeTkax. CBONCTBA 3JIEKTPOHHOIO ra3a B
cBepXpelleTkax. BiusHue KBaHTOBOpa3MEpHBIX (-
(hekTOB Ha CBOMCTBA BellecTBa. bammucTuaeckuit
TPaHCIOPT.
Hroro 2
2 Crioco6sl OO0ure npuHIUIBI POPMUPOBAHHS KBAHTOBO-pa3Mep- 2 OIIK-2,
(dbopmupoBaHuUs HBIX CTPYKTYp. Dnurtakcus. DopMUpOBaHUE KBaH- OIIK-7,
KBAaHTOBO-PAa3MEPHBIX TOBO-Pa3MEPHBIX CTPYKTYP METOIOM MOJIEKYJISIPHO- IK-1
HaHOCTPYKTYP mydeBoil anutakcuu (MJID). ®opmupoBaHue KBaH-
TOBO-Pa3MEPHBIX CTPYKTYP METOIOM XMMHUYECKOTO
OCKICHUS M3 Ta30BOH (ha3bl METAIUIOOPTAHUIECKHUX
coequnenuit (MOCVD). dopmupoBaHre KBaHTOBBIX
siM. @OpMHUPOBAHUE KBAHTOBBIX ITPOBOJIOK (HUTEMH)
Te€OMETPUUYECKUM U AIEKTPOHHBIM criocoooMm. Dop-
MHpPOBaHUE KBAHTOBBIX ToueK. MexaHu3M mpoiiecca
caMOOpraHu3aluy Mpu GOpPMUPOBAHUN KBAHTOBBIX
Toyek. Pasmep u popma octpoBkoB. BeprukanbHbie
MacCHUBBI KBAHTOBBIX TOYEK.
Hroro 2
Hroro 3a cemectp 4
Hroro 4

5.3. Pa3neJsibl AMCUMILVIMHBI M MEKIUCHUILUINHAPHBIE CBS3M € 00ecneYrBaloMMH (MpeablIyHMH)
u o0ecreynBaeMbIMHU (ITOC/IEYIOIMMHA) THCHUIIIHHAMHA
Paznenbl qUCHUMIIIMHBL U MEXIUCUUIUIMHAPHBIE CBSI3U C 00€CTEeUMBAIOIIUMU (MIPEAbIAYIIUMU) U
o0ecrieyrBaeMbIMH (TIOCJIEAYIOIIMMHI) TUCIMIIMHAMU NIPe/ICTaBlIeHb! B Tabmuie 5.3.
Tabmuua 5.3 — Pazfenbl AUCHUIUIMHBI M MEXAUCIUIIIMHAPHBIE CBSI3U

No pasznenoB JaHHOW TUCIUIUIUHBL, 1JISI KOTOPBIX
HE00XOMMO H3ydeHHE 00ECTICUNBAIOIITNX U
00€eCIIeYnBaEeMbIX JUCIIATLUINH

1 2 3 4

[IpenmmecTByroue AUCIUTUTHHBI

HauMmeHoBaHUE TUCIUIIINH

CornacoeaHa Ha noprane Ne 40318 5




1 KBanToBas u onruueckas QJICKTPOHHKA

2 Maremartuka

3 Marepuainsl 3JIEKTPOHHON TEXHUKHU

4 MuUKpO3JIEKTPOHUKA

5 TBeproTenbHast JIEKTPOHUKA

6 dusnka

|+ |+ |+ + ]+
I S e T R

7 ®u3nKa KOHIEHCUPOBAHHOTO COCTOSHUSA

+ ]+ +

8 Xumus

[Tocaenyromuye TUCITUTITUHBI

1 IIpoexTrpoBaHME KIIIOYEBBIX YCTPONUCTB + + + +

5.4. CooTBeTCcTBHE KOMIIETEeHUM I, JopMUPyeMbIX IPH M3YYEHUH TUCHUILIUHBI, 1 BUI0B 3aHATHI
CootBercTBHE KOMIETEHLUH, (HOPMUPYEMBIX MpPHU H3YyYEHUM AMCLUUIUIMHBI, W BHUJIOB 3aHATUN
npezcTaBiIeHo B Tabmuie 5.4.
Tabmuma 5.4 — CoOTBETCTBHUE KOMITETCHIINMA, (POPMUPYEMBIX MTPU W3YYCHUU NHUCHIUILIAHBI, U BUIAOB 3aHS -

TUH

§ Bunnl zansatuit

= = -
=) o

% y S 8 g DopMbI KOHTPOJIS

S = = O

4 =

OIIK-2 + + + + Kontponsnas pabota, Jk3a-

meH, OtyeT o Jadoparop-
HoW pabote, Tect

OIIK-7 + + + + Kontponsnas padora, Jk3a-
MeH, OTueT 1o nadoparop-
HoM paborte, Tect

IK-1 + + + + KontpomasHnas pabota, Jk3a-
MeH, OtueT mo 1abopatop-
HoO¥ padoTe, Tect

6. UHTepakTUBHBIEC MeTOAbI U (JOPMBI OPraHu3anMU 00yUeHUs
He npenycmorpeno PVYIIL.

7. JlabopaTtopHbie padoThl
HaunmenoBanue naboparopHbIx padoT npuBeaeHo B Tadbaune 7.1.
Tabmuna 7.1 — HammeHoBaHue 1a00OpaTOPHBIX padoT

8 Y =
= g
3 = =5
Z 25
]
HaszBanus pasznenos HaumenoBanue 1abopaTtopHbIX padboT 5 - S
5 X
= g 2
a e g
= S
8 cemecTp
4 DnemeHTsI U IpuOOpsl | MicciieoBaHme SIIEKTPUIECKUX U ONTHYECKUX XapaK- 2 OIlK-2,
HAHOAJIEKTPOHUKHU TEPUCTUK CBETOJIMOJIOB HA OCHOBE T€TEPOCTPYKTYPHI C OIIK-7,
KBAHTOBBIMH SIMaMHU ITK-1
HccenenoBanne XxapakTepUCTUK TPAH3UCTOPA C BBICO- 2
KOM MOJBMXKHOCTHIO 371eKTpoHOB (HEMT)
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Htoro

Hroro 3a cemectp

Hroro

8. IIpakTHyeckue 3aHATUSA (CEMUHAPBI)
HaumeHoBaHMe NpakTHUECKUX 3aHATUH (CEMUHAPOB) MpuBeieHo B Tabnue 8.1.
Tabmuua 8.1 — HaumeHoBaHKE MPAaKTUYECKUX 3aHATUH (CEMHUHAPOB)

A v
= 2 E
3 = =5
Z > 5
Ha3Banus paznenos HaumeHoBaHNE IPAaKTUYECKHUX 3aHATHH (CEMUHApOB) | = & &5
: 2 S
> o =
a B>
= o
7 cemecTp
1 ®usnueckue ocHoBbl | Bonnsl Jle bpoiia. KBanToBO€E orpannueHue. 1 OIIK-2,
HaH KTPOHHUKHU ITK-
AHOSIICKTPO [TomynpoBOJHUKOBBIE HAHOTETEPOCTYKTYPBI 1 IQIK i 7,
Hroro 2
Hroro 3a cemectp 2
8 cemecTp
3 KBanToBbie 3¢ ekt | 2D-37eKTpOHHBIH ra3 B MArHUTHOM TIOJIE 1 OIlK-2,
TyHHETBHBIN U PE30HAHCHO-TYHHEIBHBIN 2 heKT. 1 1(_)[}1_<H<1_7’
Hroro 2
4 DnemeHThl U TpuOOpHl | CBETOIMOIBI U J1a3ephl Ha reTepocTpyKTypax. Kan- 1 OIIK-2,
HAHOXJIEKTPOHHUKHU TOBBIE KACKaIHBIE Ja3€phl. OIIK-7,
Wudpakpacubie poTonpueMHUKH Ha OCHOBE HAaHOTE- 1 TK-1
TEPOCTPYKTYP
Hroro
Hroro 3a cemectp
Hroro

9. CamocTrosiTesqibHasi padoTa

Bunbl camocTosTenbHO#M paboThI, TPYAOEMKOCTh U POpMHpyEeMbIe KOMITETEHITUH TPEICTABICHbI B
Tabimite 9.1.

Tabmuua 9.1 — Buasl caMOCTOSATENBHON pabOThI, TPYIOEMKOCTh M JOPMHUPYEMbIE KOMIIETCHIIUU

3 =
s 3%
Bunel camocTosTeIbHON & > 0
HasBanus paznenos 57 = @DopMBbI KOHTPOJISA
paboThI g s 2
=S 2 2
al o g
= S
7 cemecTp
1 dusnyeckre OCHOBBI BrinosiHeHNE KOHTPOJIBHBIX 2 |OIIK-2, | KoutponsHas paborta,
HaHOMJIEKTPOHUKU pabot OIIK-7, |Tect, Ox3ameH
[ToaroroBka K mpakTHe- 10 TIK-1
CKUM 3aHATHUSAM, CEMUHA-
pam
CamocTosTenbHOE U3yye- 10
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HHE TeM (BOIPOCOB) TEOpe-
TUYECKOM YacTH Kypca

[TpopaboTka JIEKITMOHHOTO 6
Martepuaia
[ToaroroBka Kk KOHTPOJIb- 10
HBIM paboTam
Hroro 38
2 CrtocoObl BrinosiHeHre KOHTPOJIBHBIX 2 |OIIK-2, | KouTpoawsHas paborta,
(hopMupOBaHUs KBAHTOBO- | pabOT OIIK-7, |Tecr, Dx3amMeH
Pa3MCPHBIX HAHOCTPYKTYP | Camocrosrenbroe u3yye- 10 IIK-1
HHE TeM (BOIPOCOB) TEOpE-
TUYECKOHN 4acTu Kypca
[IpopaboTka J1eKIIHOHHOTO 6
MaTepuana
[ToaroroBka Kk KOHTPOJIb- 10
HBIM paboTam
Hroro 28
Uroro 3a cemectp 66
8 cemecTp
3 KBanroBbie 3(hexTbl [ToaroroBka K npaxkTuye- 6 |OIIK-2, |KoutponbHas paboTa,
CKHUM 3aHSATHSAM, CEMHUHA- OIIK-7, |Tect, Ok3ameH
pam [IK-1
CamocTosiTenbHOE H3yue- 8
HHE TeM (BOIIPOCOB) TEOpe-
TUYECKOM 4acTH Kypca
[ToaroroBka Kk KOHTPOJIb- 6
HBIM paboTam
Hroro 20
4 DnemenTsl 1 npubopsl | IloaroroBka k mpaxkTuye- 6 |OIIK-2, |KoutponbHas pabota, Ot-
HaHORJIEKTPOHUKH CKHMM 3aHSTUSAM, CEMHUHA- OIIK-7, |4et no mabopaTopHO# pa-
pam ITK-1 oore, Tect, Dx3ameH
CamocrosiTenbHOe H3yde- 8
HHE TeM (BOIIPOCOB) TEOpe-
TUYECKOM YacTH Kypca
[ToaroroBka k 1aboparop- 8
HBIM paboTam
OdopmieHre 0TYETOB 0 8
nabopaToOpHBIM paboTam
IToaroroBka K KOHTPOJIb- 5
HBIM paboTam
Uroro 35
Hroro 3a cemectp 55
IToxroroBka m cimada dK3a- 9 OK3aMeH
MEHa
Hroro 130
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10. KypcoBoii npoekrt / kypcoBasi padota
He npenycmotrpeno PVYII.

11. PeiiTuHroBasi cucreMa JJisi OLlEHKHU YCIIeBAeMOCTH 00y4aroumuxcst
PeittuHroBas cucrema He UCHIOIB3YETCA.

12. YueOHO-MeTOAM4YecKOe M HHGOPMALMOHHOE o0ecrieyeHre JUCHMIITIHHbI

12.1. OcHoBHas JuTEpaTypa
1. bopucenko B. E. Hanoanekrponuka: yuebHoe nocobue s By3oB / B. E. bopucenko, A. .
Bopo6neBa, E. A. Ytkuna. - M. : BUHOM. Jlab6oparopus 3nanuii, 2012. - 224 c. (Hanuyue B OUOGIMoTeKe
TYCVYP - 81 3k3.)
2. Hanonnextponuka [DnekTpoHHbIH pecypc]: Yuebnoe mocodue / Caxapos 1O. B., Tposn II. E.
- 2010. 88 c. - Pesxxum moctyna: https://edu.tusur.ru/publications/537 (nata obpamienus: 24.07.2018).

12.2. lonoiHuTEIbHAS JIUTEpaTypa
1. Yamaerun FO.A. Hanotexnonoruu B anektponuke: Monorpadwus / H. 1. boprapar [u ap.] ;
pen. 0. A. Yarubirus ; MOCKOBCKUI rocylapCTBEHHBIM MHCTUTYT 3JIEKTPOHHOM TeXHUKHU. - M. : TexHo-
chepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nanuune B oubnroreke TYCVYP - 20 5k3.)
2. JlparynoB B.I1. OcHOBBI HAHOAIEKTPOHHKH: YaecOHOEe mocobue s By3oB / B. I1. [IparyHos,
N. I'. HeusBecthoiid, B. A. I'punuun. - M. : ®usmatkuaura ; M. : Jloroc ; M. : YHUBepcUTETCKas KHUTA,
2006. - 494 c. (manmnuue B oudmoreke TYCVYP - 32 7k3.)

12.3. YueOHO-MeTOAHYECKHE MTOCOOUSH

12.3.1. O6s3aTe/IbHbIE Y4eOHO-MeTOANYEeCKHE MOCOOUs

1. Tposu IL.LE. HanosnexkrpoHuka [DnekTpoHHbIH pecype]: YueOHo-MeToauyeckoe nocodue mo
AyMTOPHBIM MPAKTUIECKUM 3aHATHAM U camocTosTenbHol padore / [LE. TposH, FO.B. Caxapos. u3n-Bo
Tomckuii TOCyIapCTBEHHBIM YHUBEPCUTET CUCTEM YIIPABIEHUS M paano3aekTpoHuku, 2016. — 31 c. - Pe-
KUM JoCTyTa: http://miel.tusur.ru/images/files/Uchebno-metodicheskii _kompleks
%?20disciplin/Sakharov/Nanoelectronics_Practics.pdf (nara o6pamenus: 24.07.2018).

2. Tposn I1.E. HanosnexkrpoHuka [DaeKTpoHHBINA pecypc]: YueOHO-MeToAnYecKoe Mocooue mo
naboparopHbiM paboram / IL.E. Tposn, F0.B. Caxapos. — Tomck M3a-Bo ToMcK. roc. yH-Ta CUCTEM yIIp. U
paguoanektpornku, 2016. — 30 c. - Pexum pocryma: http:/miel.tusur.ru/images/files/Uchebno-
metodicheskii_kompleks%20disciplin/Sakharov/Nanoelectronics lab.pdf (nara o6pamenus: 24.07.2018).

12.3.2. YuyeOHO-MeTOAMYECKHE IOCOOUS [IJIsI JIUI] C OTPAHUYEHHBIMH BO3MOKHOCTSIMU 310POBbS U
HHBAJINI0B

Y4eOHO-METOIMYECKIE MaTepUaIbl IJIsi CAMOCTOSATEIFHOU M ayTUTOPHON pabOThl 00YJarOITUXCS
U3 YHCIa JIUI ¢ OTPAHMYEHHBIMA BO3MOYKHOCTSIMH 3JIOPOBBSI U WHBAIHJIOB MPEAOCTABISAIOTCS B PopMax,
aJlaNTUPOBAHHBIX K OTPAHUYCHHAM UX 3JI0POBBS U BOCIIPHUATHUS HH(DOPMAITHH.

Jliist I ¢ HApYIIeHUSIMU 3PeHusI:

- B (hopMe IIEKTPOHHOTO JIOKYMEHTA;

- B IIeYaTHOW (hopMe YBEITMUCHHBIM HIPHUPTOM.

JLJis1 U1 ¢ HAPYIIEHUSIMHU CJIyXa:

- B (hopMe DIIEKTPOHHOTO IOKYMEHTA;

- B Ie4yaTHoOU hopme.

Jlais1 I ¢ HAPYIIeHUSIMU OTIOPHO-ABUIaTeIbLHOTO aNnapara:

- B (hopMe AIIEKTPOHHOTO TIOKYMEHTA;

- B Ie4aTHOU hopme.

12.4. IlpodeccuonaibHbie 6a3bl JAHHBIX U HH(POPMAIIMOHHBIE CTIPABOYHBIE CHCTEMBI
1. Hayuno-o6pa3zoBarenbhblii moptain TYCVYP - https://edu.tusur.ru/

2. DnexTtpoHHas 6ubmmoreka - www.elibrary.ru

3. CnpaBo4HHMK IO HAHOMaTepuaiiaM - https://nano.nature.com/
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13. MaTtepuaibHO-TEXHMYECKOE 00ecneyeHre JTUCIUILJIMHBI U TPpedyeMoe MPorpaMMHoOe
ob0ecneueHue

13.1. O0uue TpeOOBaAHUA K MATEPUAIBLHO-TEXHUYECKOMY U IIPOrPAMMHOMY 00ecrie4eHnIo
AUCHHUILIMHBI

13.1.1. MaTepuaJibHO-TeXHHUYECKOEe U IPOrPAMMHOe o0ecnevyeHue sl JIEKIIMOHHbIX 3aHATHH
Jlist mpoBeieHus 3aHATUH JIEKIIMOHHOTO TUIIA, TPYIIIOBBIX M MHIAWBUYaTbHBIX KOHCYJABTALIUH, T€-
KYIIETO KOHTPOJIS M MIPOMEKYTOYHOU aTTECTAIlUU MCIOIB3YeTCs yIeOHast ayquTOPHs ¢ KOJTUIECTBOM I10-
CaZIoYHBIX MeCT He MeHee 22-24, 00opynoBaHHAs JOCKOM M CTaHAApTHOH yueOHOIl mebenbro. MeroTes
JIEMOHCTPAIIMOHHOE 000pYIOBAaHUE U YU4€OHO-HATIIAIHBIE TTOCOOMsI, 00€CTICUNBAIOIINE TEMATHUECCKUE WJI-
JIOCTPALIMHU 0 JIEKIIMOHHBIM pa3ielaM TUCIUIUINHEI.

13.1.2. MaTepuabHO-TEXHHYECKOE U MPOrpaMMHoOe ofecrieyeHne A1 NPAKTUYEeCKUX 3aHATHI

VYuebHas aymuTopus

yqe6Ha;1 ayauTopus Jis IpOBCACHUA 3aHATHI JICKITMOHHOI'O THIIA, yqe6Ha51 ayauTopus 1JIs IMpOBE-
JICHMS 3aHATUN MPAKTUYEeCKOro Tuma, yueOHasi ayquTOpHsl s NPOBEICHHs 3aHATUH CEMUHAPCKOTo THIIA,
NMOMCHICHUC JJId MMPOBCACHUS I'PYHIIIOBBIX U MHAWBHUAYAJIbHBIX KOHC}’HI)TaIlI/If/'I, NMOMCEIICHUE I ITPOBEAC-
HUSI TEKYILLET0 KOHTPOJIA U MPOMEXYTOUHON aTTecTaluu

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

Onucanue uMeroierocs 000pya0BaHuUsA:

- Kommutekt crienmanusupoBanHoi yueOHOW Mebenu;

- PaGouee mecTo mpemnoaBares.

[IporpamMmmHoe obecnieueHue He TpedyeTcs.

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

JlaGoparopusi HAHOANEKTPOHUKH U MUKPOCUCTEMHON TEXHUKU

yueOHasi ayJuTOpHs I IPOBEIEHUS 3aHATUH TaOOPaTOPHOTO THIA

634034, Tomckast obmactb, . Tomck, Bepmmauna ynuna, a. 74, 115a ayz.

Onwucanue uMeronierocs 000pya0BaHuUs:

- Ocmmmnorpad ACK 1021;

- I'enepatop 3-34;

- BometmeTp B7-21;

- Boastmerp B7-26;

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

- biok nuranusg b5-10;

- Muxkpockorn MBC — 9 (2 mT.);

- Ucrounmk mutanus HY 3003 (2 mt.);

- Uctounnk mutanus UTS003ED (2 mt.);

- 3mepuTtenb MomHOCTH cBeTOBOro noroka TES-133;

- JJabopatopHble CTeH bl: «DIEMEHThl HAHOAJIEKTPOHUKH: ONTO3JIEKTPOHHBIE PUOOPHI U YCTPOH -
CTBa», «DJIEMEHTBI HAHOZJIEKTPOHUKHU: JUOJBD», « IIIEMEHTHl HAHOJIEKTPOHUKH: TTOJIEBBIE TPAH3UCTOPBDY;

- Ucrounuk mutanus GPS 3030 DD;

- Kommutekt cnienmanusupoBanHoi yueOHoM Mebenu;

- PaGouee mecto npenoaBares.

[TporpamMHoe obecrieueHne He TpeOyeTcsl.

13.1.4. MaTrepuajibHO-TEXHMYECKOE M IPOrPaMMHOe o0ecredeHue J1JIs CAMOCTOATEIbHOI padoThI
Jnst camocTosTeNnbHOM paboThl HCMONB3YIOTCA yueOHbIE ayAUTOPUU (KOMIIBIOTEPHBIE KJIacchl),
PacCIOIOKEHHBIE TI0 aipecam:
- 634050, Tomckast o6macTb, T. Tomck, Jlennna mpocmnexr, 1. 40, 233 ayx.;
- 634045, Tomckast obmacts, I. Tomck, yn. Kpacnoapmeiickas, 1. 146, 201 ayn.;
- 634034, Tomckast obnacTb, . Tomck, Bepummauna ynuna, 1. 47, 126 ayz.;
- 634034, Tomckast obmacTs, r. Tomck, Bepmmnanna ynmuua, 1. 74, 207 aya.
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CocTtaB 000pyIOBaHUS:

- yueOHasi MmeOerb;

- komnetotepsl kinacca He Hike [IDBM INTEL Celeron D336 2.81T. - 5 miT.;

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

[Tepedens mporpaMMHOTO 00ECIICUEHUS:

- Microsoft Windows;

- OpenOftice;

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

- Google Chrome.

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

OcBO€HHE NUCLHUIUIMHBI JIMIIAMU C OTPAHUYEHHBIMM BO3MOXKHOCTSMH 370POBbS U MHBAJIHMJIAMHU
OCYILECTBIIAETCS C UCIIOIB30BAHUEM CPEICTB 00ydeHHs OOIIETO U CHEIMAIbHOI0 Ha3HAUYCHHUS.

[Tpu 3aHATHAX ¢ 0OYUYAIOLIUMUCS ¢ HAPYUIEHHSIMH CJIyXa [PEeIyCMOTPEHO UCIOIb30BaHHUE 3BYKO-
YCUJIMBAIOIIEH anmapaTypbl, MyJIbTUMEIUHHBIX CPECTB U JPYTUX TEXHUUYECKHUX CPEACTB MpueMa/mepena-
i yueOHOM nH(pOpMaIMU B TOCTYMHBIX (hOpMax, MOOUILHOM CUCTEMBI IIPENoiaBaHus 11 00y4JaroIXcs
C MHBAJIMIHOCTHIO, TOPTATUBHON MHIYKIIMOHHOW CUCTEMBI. YdeOHas aylTUTOPHsl, B KOTOPOU 3aHUMAIOTCS
oOyyaromyecsi ¢ HapylleHUEeM cllyxa, 000py/loBaHa KOMITBIOTEPHON TEXHHKOH, ayIMOTEXHHUKOH, BHUJEO-
TEXHUKOU, SJIEKTPOHHOMU JOCKOW, MYJIbTUMEAUMHON CUCTEMOM.

[Tpu 3aHATHAX C OOYYAIOUIUMUCS ¢ HAPYIIEHUSIMU 3PEHUSAMHM [IPETyCMOTPEHO UCIIOJIb30BaHUE B
JICKIIMOHHBIX U y4eOHBIX ayAUTOPHUAX BO3MOKHOCTH IPOCMOTPA YAAICHHBIX 00OBEKTOB (HaIIpUMep, TEKCTa
HAa JIOCKE WM CJIaif/la Ha 3KpaHe) MPpU MOMOIIY BUCOYBETUUHUTENCH 7151 KOM(GOPTHOTO IPOCMOTpA.

[Tpu 3aHATHAX C 0O0y4YaIOLIMMUCS ¢ HAPYLIEHHUSIMH OIIOPHO-ABUIaTeJIbHOIO alnapara HCIOJb-
3YIOTCS aJIbTepHATHUBHBIEC YCTPOICTBA BBOAA HH(OPMAIIUU U IpYrHe TEXHUUECKHE CPe/ICTBA IprueMa/miepe-
naun yuyeOHOM MHPOpPMaIUK B JOCTYIHBIX (popMax, MOOMIIBHOW CHCTEMbI OOYUEHUs UIs JIIOJCH ¢ UHBA-
JUAHOCTBIO.

14. OIIeHO‘lHLIe MaTepuajJabl  METOAUYECCKUE PEKOMEHIAUHU MO OPraHu3alluv U3yYCHUA
AUCHHUITINHBbI

14.1. Coaep:xaHue OLEHOYHBIX MATEPUAJIOB U METOANYECKUE PEKOMEH AU
I[JISI OIICHKU CTCIICHU C(i)OpMI/IpOBaHHOCTI/I n ypOBHS[ OCBOCHHA SaerﬂJIeHHI)IX 3a HHCHHHHHHOﬁ
KOMIICTCHITUI MCTIOJIB3YIOTCS OIIEHOYHBIE MaTepHalibl B COCTABE:

14.1.1. TecToBbIe 3a7aHUA
1. ITo kakuM HaInpaBJICHUSM OTPAHUYEHO JBIKEHHE 3apsDKEHHBIX YaCTHI] B KBAHTOBBIX TOYKAX:
a) TOJIBKO 110 HAIPaBJICHUIO X
0) TOJIBKO MO HAIMpPaBIEHUIO Y
B) TOJIBKO 11O HAINPaBICHUIO Z
T) [0 HarpaByeHusIM XYZ

2. 1o xakuM HampaBJICHUSM OTPAHUYEHO JIBIYKEHHE 3apsyKEHHBIX YACTHI] B KBAHTOBBIX IICHKAX:
a) 1o HanpasiIeHusIM X U Y

0) TOJIBKO MO HAIMpPaBIEHUIO Y

B) TOJIBKO 110 HAINPaBICHUIO Z

T) [0 HarpaBJIeHUusIM X U Z

3. Ilo xakuM HampaBJICHUSM OTPAHWYCHO JIBWKCHUE 3apsHKCHHBIX YaCTHI[ B KBAHTOBBIX HUTSIX
(mHypax):

a) o HarpaBjIeHusM X U Y

6) no HanpasieHuo Y u Z
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B) TOJIBKO 110 HalpaBJIEHUIO Z
T') 110 HAIMPaBJICHUSIM X U Z

4. Kakoe MUHUMaJIbHOE KOJIMYECTBO HYHEPTreTUUYECKUX YPOBHEH JODKHO OBITH B KBAHTOBOW sIME
JIBOMHOW 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) JUIMHY KOT€PEHTHOCTH

r) 10 am

6. MakcuManbHOE pa3IUdre MOCTOSHHBIX PEIICTOK ISl MAaTePHAIOB BXOSIIUX B TETEPOCTPYKTY-
Py HE JOJDKHO TPEBBIIIATh:

a) 1%

6) 0,1 %

B) 5 %

r) 8 %

7. B KakyIo U3 CBEpXpeIIeTOK BXOIAT MOIYITPOBOJAHUKH C OTUHAKOBBIM XUMUYECKUM COCTABOM:
a) KOMITO3UIIHOHHYIO

0) IerupoBaHHYIO

B) MOJYJIMPOBAHO —JIETUPOBAHHYIO

T') BO BCE MEPEUYHCIICHHBIC.

8. Kakoil U3 METO0B 3MUTAKCHM, MO3BOJSET MOIy4aTh KAUECTBEHHYIO I'€TEpOrpaHUIly B IeTpo-
CTYKTypax:

a) MOJIEKYJISIPHO — JTy4deBast

0) XUMHUYECKOe OCaKJCHHE U3 Ta30BOH (ha3bl MeTayuIoopranudeckux coenunennii (MOCVD)

B) JKHJIKOCTHAsI

T) ra3oBas

9. Ilpn KakOM W3 TUNOB HAYaJIbHOM CTAaJUHM POCTA, BOZHUKAIOIIUX MPHU OCAXKICHUHM aTOMOB Ha
MOJUTOXKKY U3 Ta30BOM (ha3bl, MPOUCXOAUT (OPMUPOBAHUE KBAHTOBBIX TOUYCK:

a) ®panka- Ban nep Mepsge (cmoeBoii pocT)

6) Ctpanckoro — KpactanoBa (IIpoMeKyTOYHBIH THIT)

B) ®onbMepa — Bebepa (0CTpOBKOBBIH POCT)

r) [Ipu Bcex nepedyncieHHbIX.

10. Kak Oynet uameHaTbest ko3duuumeHt npospaunoctu 6apbepa D, npu yBenuueHUN Macchl 4a-
CTHIIBI, €CJIH €€ SHEPI sl OCTAETCS IPU 3TOM IIOCTOSHHON

a) YMEHBILUTCS

0) yBeTUIHTCS

B) OCTAHETCS MOCTOSHHBIM

') MOXET YMEHBIIUTHCS WIH YBEIUUUTHCS, B 3aBUCUMOCTH OT 3apsi/ia 4YaCTHILIbI.

11. B kakux mIOCKOCTSAX OyayT CyliecTBOBaTh YpoBHU JlaHmay, €Clii BEKTOP MarHUTHOW MHIYK-

1uu B HanpasieH BIOab OcH Z, IEPIEHAUKYIIPHON I10cKocTH 2D-ra3a:
a) B TUIOCKOCTH Z
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0) B tutocKoCTAX X U Y
B) B IJIOCKOCTSIX Y U Z
') B TUNIOCKOCTAX X U Z

12. OT uero 3aBHCUT CONPOTUBIICHNE OATITUCTUYECKOI KBAHTOBOM MPOBOJIOKH
a) OT CEYCHHS

0) OT JJIMHBI

B) HE 3aBUCHUT OT T€OMETPUUYECKUX Pa3MEPOB U

paBHO HYJIIO

I') OT CEYCHHUS U JUTMHBI

13. Kak u3MEHHTHCS JUTMHA BOJHBI M3JIYYCHHUS! CBETOAMO/A, U3TOTOBJICHHOTO HA OCHOBE TeTEpO-
CTPYKTYPHI C KBAHTOBBIMU SIMAMU, TIPU YMEHBIIICHUH UX TOJIIHHBIL:

a) YMCHBIIIUTCS

0) yBeIMYUTCS

B) OCTAHETCS IMOCTOSTHHOM

T') MOXKET YMEHBIIIUTHCS UM YBEITHUUTHCS B 3aBUCUMOCTH OT MaTEPHATIOB T€TEPOCTPYKTYPHI.

14. IIpakTrdyeckoe NpUMEHEHHE LEeIoUUCIeHHOTo 3 dexra Xomna
a) DTAJIOH CUJIBI TOKA

0) ATaJIOH COMPOTHBIICHUS

B) DTAJIOH HaIPSKECHUE

T') 3TaJIOH 3apsiaa

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

a) YBEIMUYUTCS

0) YMEHBITUTCS

B) OCTaHETCS MOCTOSTHHOM

') MOXKET YMEHBIIUTHCS WM YBEIHUYUTHCS B 3aBUCHMOCTH OT OCaXKAa€MbIX MaTepHajoB.

16. Kakoit kBaHTOBBIH 2P HEKT JEKUT B OCHOBE pabOTHl ONTHYECKUX MOTYJISTOPOB
a) a¢dexr Llrapka

0) apdexr Jxozedcona

B) o ekt Xomna

r) apdexr 3eemana

17. Kakoit kBaHTOBBIN A(h(PEKT JICKUT B OCHOBE pabOTHI CBEPXIPOBOSIIECTO KBAHTOBOTO HHTEP(dE-
penumonHoro natanka (CKBU/I)

a) a¢pdexr LlTapka

0) addekr Ixo3edcona

B) addexT Xomra

r) a3pdexr AaporoBa — boma

18. YeM MOXHO OOBSICHUTH CYIIECTBOBAHUE LIEJI0UYMCICHHOTO 3 dext Xomna
a) KBAHTOBBIM OTPAaHUYECHUEM

0) ypoBHsimu Jlannay

B) TYHHEJIbHBIM 3 (HeKTOM

') pa3MEPHBIMHU YPOBHSIMHU

19. Ot yero 3aBUCUT YUCIIO YPOBHEW B MUHU30HAX CBEPXPEIIECTKH
a) OT TOJILIMHBI KBAHTOBBIX M

0) OT uncIia KBAaHTOBBIX SIM

B) OT TOJIITUHBI 0APHEPOB
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T) SIBJISIETCS] TOCTOSIHHOM BETUYMHON

20. Kakoif 13 METOIOB SMUTAKCUU MOXKET OBITh MCIOJIB30BAH MPHU U3TOTOBICHUH TPAaH3UCTOPOB C
BBICOKOH ITOABMKHOCTEI0O HEMT

a) MOJIEKYJISIDHO — JIyueBast

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

B) JKUJIKOCTHAs

T') ra3oBas

14.1.2. Jx3amMeHallMOHHbIE BONPOCHI

1. Bonna Jle bpoiuia. KBantoBoe orpannuenue. KBaHTOBBIE IIJIEHKU.

2. Bonna Jle bpoiina. KBantoBoe orpannyeHue. KBaHTOBBIE TOUKHU.

3. Bosna Jle bpoiuia. KBantoBoe orpannuenue. KBaHTOBbIE LIHYPHI.

4. T'erepocTpyktypbl. DHepreTrdeckas quarpamma JII'C. OcHoBHBIE TpeOOBaHUS, IPEABSIBISICMbIC
K F€TepOCTPYKTYpaM. MeTOobI U3rOTOBJIEHUS FE€TEPOCTPYKTYD.

5. CBepxpenieTk. DHepreTuyeckue AuarpaMMbl CBEpXpenieTok. MUHU3OHBI.

6. CBepxpeleTky. DHEPreTHYeCKUe JuarpaMmel cBepXpeleTok. CBOWCTBO 2JIEKTPOHOB B CBEPX-
pelIeTKax.

7. bamumncrtudeckuit Tpancnopt. KBanT conporusnenus. KBaHT npoBoAUMOCTH.

8. CriocoOr! (hopMHUpOBaHKS KBAHTOBOPA3MEPHBIX CTPYKTYp. POpMHUpPOBaHHE KBAHTOBBIX TOYEK.

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

10. CnocoObl (opMupoBaHHS KBaHTOBOPAa3MEPHBIX CTPYKTyp. DopMupoBaHHME KBAHTOBBIX
IUICHOK.

11. JIByMEpPHBII 27€KTPOHHBIN I'a3 B MAarHUTHOM T1oJie. YpoBHHU Jlannay.

12. Llenouncnenusiii U ApoOHBIN 3P dexT Xoma.

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

14. Tynnenbnblil 3¢ dext. Koapunuent npospaunoctu 6aprepa. Pe3oHaHCHBIN TyHHEIbHBIN (-
(exT.

15. Dddexr dxo3zedcona. [Ipaktnueckoe mpumenenue ¢ dexra Jxozedcona.

16. Kynonosckas Onokana. KynonoBckast 6:10kaia ¢ OTHUM TYHHEIbHBIM MIEPEXOJIOM.

17. KynonoBckasi 6iokana. KynoHosckast Onokaza ¢ 1ByMs TyHHEJIbHBIMU MEPEXOAAMU OJIMHAKO-
BO NPO3PAaYHOCTH.

18. KynonoBckas Onokazna. KynonoBckas 650kaza ¢ 1ByMs TYHHEJIbHBIMU NIEPEXOJAMH PA3TUYHON
IIPO3PAYHOCTH.

19. Coryunenuposanue. [ e Habmogaercs. [Ipuanner.

20. Pe3zonancHO TyHHebHBIN auon. Konctpykuus. DHeprerudeckas nuarpamma. [Ipunnun pabo-
Tel. BAX.

21. Pe3onaHcHO TyHHeNbHBIN TpaH3ucTop. Konctpykuus. [punmun padorsl. BAX.

22. OgHosnekTpoHHbIN Tpan3uctop. KoncTpykuus. Dueprerudeckas auarpamma. [punmun pado-
Thl. [lepeiaTounble U BEIXOJHBIE XapAaKTEPUCTUKH.

23. HEMT Ttpansuctopsl. Koncrpykiuun pHEMT tpansucropos. [Ipunuun pabotsl. [lepenatou-
HBIE U BBIXOJHbIE XapakTepucTuku. Ilpumenenue.

24. HEMT tpan3zucropsl. Konctpykiun mHEMT tpansuctopos. Ilpunnun padotsl. Ilepenatou-
HBIE U BBIXOJHbIE XapakTepucTuku. Ilpumenenue.

25. Ceronuonp! u na3epsl Ha ocHoBe [II'C. Konctpykius. DHepretuueckas nuarpamma. [pun-
un padotel. OCHOBHBIE XapakTepucTuku. [Ipumenenue.

26. Ceeronuonpl u nazepbl Ha ocHoBe JI'C 1 kBanTOBBIX Touek. Koncrpykuuu. [Ipunimn paboTst.
JlocTonHCTBa U HEAOCTATKHU.

27. KBaHTOBBIE KackagHbie Jazepbl. KoHCTpyKkums. DHepreTudeckas auarpamma. [IpuHiun pabo-
Thl. [Ipumenenue.

28. UK-dporonpuemuuku. Konctpykuus. DHepreruyeckas auarpamma. [lpunnun padotsl. ITpu-
MEHEHHE.

29. OnTtuueckue mMonynsaropbl. KoncTpykuusa. DHepreruyeckas nuarpamma. IlpunHnun paboThl.
IIpumeHenue.
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30. JlaBunnble ¢poroauonasl. Koncrpykuus. Jueprerndeckas nuarpamma. [Tpunmun padotst. [Tpu-
MEHEHHE.

14.1.3. TeMmbl KOHTPOJILHBIX PadoT

Tema xouTponsHOU pa®oTel Ne 2: KBanTOBBIE 3(h(ekThl. YeTpoiicTBa HaHO3IEKTpOoHUKHU (Paznensl
4-5 paboueit nporpammsl). [Ipumep KonTpoasHoro 3aganus:

BapuanTtNel

1. Haiitu BeposTHOCTB npoxoxkaeHus D u orpaxkenus R i anextpona c sHeprueit 2,3 3B, naxa-
IOIIET0 Ha NOTEHIHMATIbHYIO CTEHKY BbIcOTOH 2,0 3B. DddexTuBHYyI0 Maccy NpUHATH paBHOW Macce 3JeK-
TPOHA B COCTOSTHUU TTOKOS.

2. Haiitu BepossTHOCTD npoxoxaeHust D u orpaxkenus R s anexrpoHna ¢ sHeprueit 3 3B, npoxo-
nsmiero yepes 6aprep BbicoTol 3,35B u npotskeHHOCThI0 4 HM. DPPEKTUBHYIO MacCy MPUHATh PaBHOM
Macce 3JIEKTPOHA B COCTOSIHUU MTOKOSI.

3. OnpenenuTh JUIMHY BOJIHBI, IPU KOTOPOW OyAeT MAaKCUMyM ONTHYECKOIO MOIJIOLIEHUS IS
cBepxpernieTkd Ha ocHOBe AlAs/GaAs/AlAs. Ecnu TonmyHa KBaHTOBBIX SIM COCTaBIIAET 5 HM, OapbepoB
15 Hm.

4. OnpenenuTh MaKCUMaJIbHYIO €MKOCTB JUIS TYHHEJIBHOTO IIepexoia MpH KOTOPOH BO3MOXKEH (-
ekt ogHoaNeKTpoHHOTO TyHHenupoBanus uig T=300 K u T=1 K

[Tpumeps! 3a7a4 17151 KOHTPOJILHOW pabOThl NPUBEAEHBI B y4eOHO-METOANYECKOM oco0u (1. 2.5
- 1m.2.12). BapuaHTbl KOHTPOJbHOM pabOThl NMPUBEACHBI B Y4eOHO-MeTOoAMYecKoM mocoduu (m. 3).
Y4eOHO-MeToaruecKoe Mocodue coepKar BapuaHThl 3aaHUi JJ11 KOHTPOJIBHBIX paObOT ¥ MHIUBHLYasb-
HBIX 33JaHud. [ caMOCTOSATENbHOIO M3YYEHMsI PEKOMEHAYETCSI CIIMCOK JIUTepaTypbl M MPHUBOISATCS
CIIPABOYHBIE MATEPHUAIIBL.

Tema xoHTponbHON paboThl Ne 1: dusnyeckue OCHOBBI HaHO3IeKTpoHUKH (Pasmen 1 paboueit
nporpammsl). [Ipumep KonTposisHoro 3aganus:

BapuanT Nel

1. Onpenenuts nuHy BoHbI [le bpoiust nms anekTpona ¢ sHeprueit 2 5B.

2. Ilporon obnanaet kunetTnueckoi sueprueit T = 1 k3B. Onpeaenuts JONOTHUTENBHYIO SHEPTHIO
0T, koTopyr0 HEOOXOAUMO €My COOOLIUTH JIJIsl TOrO, YTOOBI AJIMHA BOJH A ¢ bpoiins yMeHbpLIMIach B TpU
pasa.

3. Umeetcs JII'C na ocHoBe AlAs/AlxGal-xAs/AlAs. TonmmHa KBaHTOBOW SIMBI COCTaBIsieT 4,5
HM. OnpenenuTb MaKCUMaJIbHBIN X IIPU KOTOPOM B KBAaHTOBOU siMe OyZIeT OIMH 3HEPreTUYECKUIl YPOBEHb.
CrnpaBouHble JaHHbBIE JJI MaTepHalioB B3STh U3 CIpaBOYHUKA. D((HEKTUBHBIE MAacChl CUUTATh MMOCTOSH -
HBIMU U IPUPABHATH K CPEIHUM 3HAUEHUSIM

4. Umeercsa JII'C na ocaoBe AlAs/InAs/AlAs. Onpenenuts MUHUMAJIBHYIO U MAKCUMAIBHYIO TOJI-
LIMHY KBaHTOBOM siIMbl. CIIpaBOYHBIE JAHHBIE ISl MATEPUAJIOB B3ATh U3 CIIPABOYHHKA.

[Tpumeps! 3a1a4 1151 KOHTPOJIBHON PaOOTHI NPUBEAEHBI B yueOHO-METOAMUECKOM nocoduu (1. 2.1-
2.4). BapuaHTbel KOHTPOJBbHON pabOTHl MpPUBEACHBI B y4yeOHO-MeToandeckoM mnocoduu (1m.3). YuebHo-
METOAMUYECKOe T0co0Ue coliepKaT BapUaHThI 3aJaHUH JIJIs1 KOHTPOJIbHBIX pabOT U MHIUBUAYAIbHbBIX 3a/1a-
Hui. /{11 caMOCTOATENBHOIO U3YyYEHHSI PEKOMEHAYETCS CIIMCOK JIMTEPATyphl U MIPUBOISTCS CIIPaBOYHbBIE
MaTepHuabl.

14.1.4. Tembl 1a00paTOpHBIX padoT
HccnenoBanne 3MEKTPUUYECKUX UM ONTHYECKUX XAPAKTEPUCTUK CBETOIMOJIOB HA OCHOBE TE€TEPO-
CTPYKTYpPBI C KBAHTOBBIMU SIMAMH
HccnenoBanne xapakTepUCTUK TPAH3UCTOPA C BHICOKOW MOABMKHOCTHIO 31eKTpoHOB (HEMT)

14.1.5. MeTonnyeckue peKoMeH AU
Jlns gomycka K 9K3aMeHY JOJDKHBI OBITh BHIITOJHEHBI Bce Ta0OpPaTOpPHBIE M KOHTPOJIBHBIE PAOOTHI
NPEIYCMOTPEHHBIE TUIAHOM.

14.2. TpeOoBaHUA K OLIEHOYHBIM MATEPHUAJIAM JJIsl JIUI] C OTPAHNYEHHBIMHA BO3MOKHOCTAMMU
310pOBbS1 1 UHBAJH/I0B
s aui ¢ orpaHMYEHHBIMUA BO3MOKHOCTSIMU 3/I0POBBSI M MHBAIUIOB MPEIyCMOTPEHBI TOMOTHH -
TEJIbHBIE OLIEHOYHbIE MaTepUalIbl, IEPEYCHb KOTOPBIX yKa3aH B Tabmuie 14.
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Ta6mx1ua 14 — I[OHOJIHI/ITGJIBHLIG MaTCpuajibl OLUCHUBAHUSA IJId JIUL C OrPpaHUYCHHBIMU BO3MOXKHOCTAMU

3JI0pPOBbsI 1 HHBAJIHJIOB

Kareropuu
00y4arommxcs

Bup! JONOTHATEBHBIX OIEHOYHBIX
MaTepuaioB

@®opMBI KOHTPOJISL U OI[CHKH
pe3yabTaTOB 00yUCHUS

C napyueHusMu
ciyxa

TecTbl, MUCEMEHHBIE CAMOCTOSITEIIEHBIC
paboThI, BOTIPOCHI K 3a4eTy,
KOHTPOJIbHBIE pabOThI

[IpenMy111eCTBEHHO MMChMEHHAs
IIPOBEPKa

C HapymeHHIMHU
3peHus

CobecenoBanue 1Mo BOIpOcaM K 3a4eTy,
OIIPOC 0 TEPMHHAM

[TpenMyIIeCTBEHHO yCTHAs IPOBEPKa
(MHIUBUYaTbHO)

C napyueHusmMu
OIIOPHO-
JIBUTATEITLHOTO
armapara

Perienue qucTaHIIMOHHBIX TECTOB,
KOHTPOJIbHBIE PA0OTHI, MUCbMEHHbIE
CaMOCTOSITeNIbHbIE PabOThI, BOIIPOCHI K
3a4eTy

HpeI/IMyIJ_[eCTBCHHO JAUCTaHIIMOHHBbIMHA
METOAAMU

C orpaHUYEHUSIMH I10
00LIEMETUIIMHCKUM
MOKA3aHUSIM

TecTbl, MICEMEHHBIE CAMOCTOSTENTLHBIE
paboThl, BOIIPOCHI K 3a4ETY,
KOHTPOJIbHBIE PAOOTHI, YCTHBIE OTBETHI

[IpenmyriecTBEHHO TPOBEPKA
METOJIaMU UCXOs U3 COCTOSIHUS
o0ydJaromierocst HA MOMEHT ITPOBEPKHU

14.3. MeTroauyeckue peKOMEHIAUMHU 110 OLEHOYHBIM MATEPHAIaM JIsl JIML C OTPAHUYEHHBIMH
BO3MOKHOCTSIMH 3/10POBbSI 1 HHBAJIN/I0B

Jnis M ¢ orpaHUYEeHHBIMH BO3MOXKHOCTSIMHU 37I0POBBSI M MHBAJTUIOB TPEAYCMAaTPHUBACTCS JI0-
cTynHas (hopMma MpeaoCTaBICHUS 3aJaHUI OLIEHOUHBIX CPEJICTB, @ UMEHHO:

- B IeyaTHou (opme;

- B IIeyaTHO! (hopMe ¢ YBETHMUYEHHBIM IPUPTOM;

- B (hopMe INIEKTPOHHOTO TIOKYMEHTA;

- METO/IOM YTEHUS ACCUCTEHTOM 3a/1aHUs BCIYX;

- IIPEJOCTABIICHUE 3a/laHUs C UCTIOJIb30BAaHUEM CYPJIOTIEPEBO/IA.

Jlunam ¢ OrpaHWYEeHHBIMH BO3MOXXKHOCTSIMU 3/I0POBbSI M MHBAIHIAM YBEIHMYUBACTCS BpeMs Ha
HOJrOTOBKY OTBETOB Ha KOHTPOJIbHBIE BOIPOCHL. [l TaKUX 00y4aroIuXcs peycMaTpuBaeTCsl JOCTYII -
Has popmMa mpeoCTaBICHHS OTBETOB HA 3a/1aHUs, @ IMEHHO:

- IUCbMEHHO Ha Oymare;

- Ha0Op OTBETOB Ha KOMIIBIOTEPE;

- HabOp OTBETOB C UCIOJIb30BAaHUEM YCIIYT ACCUCTEHTA;

- MIPEJICTABICHUE OTBETOB YCTHO.

[Tponienypa ornieHHBaHUs pe3yIbTAaTOB OOYYEHMs JIMIl C OTPAaHUYEHHBIMU BO3MOKHOCTSIMH 3/10pO-
Bbsl M1 MHBAIHJIOB IO JUCUUIUIMHE TPEIyCMaTPUBACT MPEAoCTaBIeHne HHpopManuy B popMax, aaarnTH -
POBaHHBIX K OTPAHUYECHHUSAM HX 3A0POBbS M BOCIPUATHS HH(POpMALIUK:

JL1s1 i1 ¢ HApYIIEHUSIMH 3PeHust:

- B (hopMe 3NIEKTPOHHOI'O TIOKYMEHTA;

- B IIeYaTHO! (hopMe yBEIMUEHHBIM HIPUPTOM.

JList JiM1 ¢ HapyLIeHUusIMH CJIyXa:

- B (hopMe INIEKTPOHHOIO IOKYMEHTA;

- B Me4aTHOU (opme.

JLst M1 ¢ HapyLIeHUsIMY OIIOPHO-ABUTaTeJILHOIO0 annapara:

- B (hopMe INIEKTPOHHOTO IOKYMEHTA;

- B Ie4aTHOU hopme.

ITpu HEoOXomUMOCTH /TS JIUL] C OTPAaHUYEHHBIMHU BO3MOXHOCTSIMU 3/I0POBbs U MHBAJIUIOB IpOILIE-
Jypa OILICHUBAHUSI PE3yIbTaTOB 00yUEHUsI MOXKET MPOBOAUTHCS B HECKOIBKO ITAIOB.
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