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PABOYAS IIPOI' PAMMA VUYEBHOM JJUCLIMITJIMHBI
HaHos/1eKTpOoHNKa

VYpoBeHb 0CHOBHOM 00Opa3oBareabHON Iporpammel: bakanaspuar

Hanpasnenue noarorosku (cneunanbHOCTh): 11.03.04 Di1eKTpOHUKA U HAHOIJIEKTPOHUKA
[Ipoduns: KBanTOBasi 1 onTHYECKAS 3JIeKTPOHUKA

dopma 00yueHUs: OUHAA

@axynpreT: PIT, PakyJabTeT JIEKTPOHHON TEXHUKH

Kadenpa: 11, Kadenpa 3j1eKTpoHHBIX IPUOOPOB

Kypc: 3

Cemectp: 5

VYyeOnniii man Habopa 2013 roga

Pacnipenenenne pabouero BpeMeHu

Ne Bunel yueGHOM nestenbHOCTH 5 cemectp Bcero Enununnet
1 Jlexuyn 20 20 4acoB
2 [IpakTnyeckue 3aHATUS 18 18 4acoB
3 JlaGopartopHsbie 3aHATHS 16 16 4acoB
4 Bcero aynutopHbIX 3aHATHIA 54 54 4acoB
5 W3 HUX B MHTEpaKTUBHOU Qopme 46 46 4acoB
6 CamocTosTensHas paboTa 54 54 4acoB
7 Bcero (6e3 sx3amena) 108 108 4acoB
8 [ToaroroBka u ciada sK3amMeHa 36 36 4acoB
9 OO6mast TpPy10e€MKOCTh 144 144 4acoB

4 4 3.E

DK3aMmeH: 5 cemecTp

Tomck 2016

CornacoBaHa Ha noptane Ne 1781



P'LICC.\I()'I'DCHU 158 ();l()6pCH’d Ha 3aC€IaHuun I\"d(l)C,'_lpr

nporokot Ne 73 or« 8 » 9 2016 1|

JIUCT COIVIACOBAHUM

PabGouass mporpamma cocraBiena ¢ yderom TpeboBanuii denepanbHoro IlocymapcTBEHHOTO
oOpa3oBarenbHOro cranaapra Bbiciiero oOpazoBanus (PI'OC BO) mo HampaBie€HUIO HOJATOTOBKH
11.03.04 DnekTpoHMKa M HAHOAIEKTPOHMKA (kBanudukanus (O6axanaBp), YTBEP)KIEHHBIH MPUKa30M
MunuctepctBa oOpa3oBanus u Hayku Poccuiickoit @enepanuu ot 12.03.2015 . Ne 218.

Pabouas mporpamma y4ueOHOI AMCUHMIUIMHBI PAaCCMOTpPEHAa M YTBEp)KIEHa Ha 3acenaHuu Kadeapbl

(u3MYECKON ANEKTPOHUKHU OT «__ »

PazpaboTunku:
Houent xad. O

3aBenyromuii odecrneunBaromiei kad.

)

2016 r., mpoTokoi Ne

Caxapos 1O. B.

Tposn II. E.

Pabouas nporpamma coriacoBata ¢ ¢pakyinbTeToOM, IpodUINpyIOLe U BhIITycKarouei kapeapamu

HaIpaBJICHUS MOATOTOBKHU (CIIEUATIBLHOCTH).

Jexan ®OT

3aBemyomuii mpodunupyromen kad.

oIl

3aBeAyONIHi BRITYCKArOMIeH Kad.
oIl

DKCIepThl:

[Ipencenarens METOIUYECKOM
xomuccuu kadeapsl 11 TYCYP

[Ipencenarens METOIUYECKOM
komuccuu akynsrera @OT TYCYP

CornacoeaHa Ha noprane Ne 1781

Boponun A. U.

[Tannapos C. M.

[Tannapos C. M.

Opnukos JI. H.

Yuctoemona U. A.



1. Heau v 3aaa4u JMCIUTNIJIMHBI

1.1. Hean aucUNMIMHBI
SBISIETCSl JOPMUPOBAHUE HAYYHON OCHOBBI, HEOOXOIUMOM ISl CO3/IaHUS JIEMEHTOB, MPUOOPOB U
YCTPOMCTB MUKPO- U HAHOIJICKTPOHHUKHU

1.2. 3agaumn JUCIHUIINHBI
— UW3Y4YCHHE 3aKOHOB (U3UKA HAHOPA3MEPHBIX TOJYMPOBOJHUKOBBIX  CTPYKTYp  JJIs
MOCTIEAYIOMIET0 HCIIOJIb30BAaHUSI HMX TpH pa3paboTke M OKCIUTyaTalluk MPUOOPOB H  YCTPOWCTB
MHKPOBOJHOBOM, MU(GPOBOM M ONTHYECKOU IEKTPOHUKH, a TAKXKE MPU MPOCKTHPOBAHUU SJICKTPOHHBIX
CXEM Ha UX OCHOBE;

2. MecTto qucuunmHbl B crpykrype OOII

B cooTBeTCTBHM C OCHOBHO# 00pa30BaTeIbHON IporpaMmMon TUCHMILIMHA « HaHO3IeKTpOHMKaY OTHOCUTCS
K quciuminHaM 6a3oBoii yactu Oj1o0ka 1 (b1.5.18).

[IpemmecTByromuMy  TUCHUIUIMHAMHA, (QOPMHUPYIONIUMU  HadajdbHbIE 3HAHUS, SIBISIOTCA
CJIEYIOIUE UCHIMIUIMHBL: KOMITBIOTEPHOE TMPOEKTUPOBAaHHWE NPUOOPOB KBAHTOBOM M ONTHYECKOH
AJIEKTPOHUKH, (U3UKAa KOHIACHCUPOBAHHOTO COCTOSIHUS, TBEPAOTEIbHAS JJICKTPOHHUKA, MaTepUabl
AIEKTPOHHOW TEXHUKH.

[Tocnenyromumm TUCUUILUIMHAMH SIBIISFOTCS:. TBEPAOTEIbHBIE MPUOOPHI U YCTPONCTBA, KBAHTOBAS
Y ONITUYECKAs ANEKTPOHHUKA, KBAHTOBBIE M ONTOAIEKTPOHHBIE TPUOOPHI U YCTPOMCTBA.

3. TpeGoBanusi K pe3yJibTaTaM OCBOEHUS AUCUHUIIIMHBI

[Ipouecc n3yueHus: JUCUMILIMHBI HaIIpaBiieH Ha (OPMUPOBAHHUE CIAEAYIOIINX KOMIIETEHIUH:

— IIK-2 cnocoGHOCTbIO apryMEHTHPOBAaHHO BbIOMpATh W PEANIM30BbIBATh HA IPAKTHKE
3¢ (GEKTUBHYIO METOAUKY SKCIIEPUMEHTAIBHOIO UCCIIEJOBAHMS apaMETPOB U XapaKTEPUCTHK MPUOOpOB,
CXEM, YCTPOMCTB M YCTAaHOBOK OJJIEKTPOHHUKH U HAHOIEKTPOHUKU PaA3IUYHOIO (PYHKIMOHAIBHOTO
HA3HAYEHUS,

— IIK-4 cnocoOGHOCTHIO MPOBOAMUTH MPEABAPUTENILHOE TEXHUKO-DKOHOMUYECKOE 0OOCHOBaHUE
IIPOEKTOB;

B pesynbrare u3ydeHus IUCHUIUIMHBI CTYIEHT JOJDKEH:

—  3HATh METOJIbl KCIIEPUMEHTAIILHOTO MCCIIEI0BAaHUS [TAPAMETPOB U XapaKTEPUCTUK MPUOOPOB
HAHOXJIEKTPOHUKH  Pa3IMYHOrO (YHKIMOHAJIBHOTO HA3HAYEHHUS; METOJMKY pacyeTa TEeXHHKO-
SKOHOMHMYECKHX IT0Ka3aTesiel mpu pazpaboTke MpruOOpPOB U YCTPOUCTB HAHOAIEKTPOHUKH;

—  YMeTb IIPOBOJIUTH UCCIIEOBAHHUE TAPAMETPOB U XapaKTEPUCTUK MPUOOPOB HAHOIIEKTPOHUKHU
pa3aMYHOrO  (PYHKIMOHAJIBHOTO HA3HAYEHUS;, IPOBOJUTH TEXHHKO-3KOHOMUYECKOE OOOCHOBaHUE
MIPOEKTOB IIpH pa3zpaboTKe MPUOOPOB U YCTPOUCTB HAHOIEKTPOHUKH;

— BJajeTb METOJMKOM MpOBENEHUs HCCIeNOBaHUI IapaMeTpoB U XapaKTEpUCTUK MPUOOpPOB
HAHOXJIEKTPOHUKHU Pa3IMYHOTO (YHKUIHMOHAIBHOIO HAa3HAYCHHs; METOJIUKONW TpPOBEIEHUS TEXHHUKO-
SKOHOMHYECKOE 000CHOBAaHUE IPOEKTOB MPHU pa3padOTKe NPHUOOPOB U YCTPONUCTB HAHOIIEKTPOHUKH;

4. O6beM AUCHMILIMHBI M BUABI Y4eOHOIl padoThl
OO61ast Tpy10E€MKOCTh TUCIHILIAHBI COCTABISET 4 3a4ETHBIX €AMHUIIBI M TIPEJICTABIIEHA B TAOIHUIIE

flf;énnua 4.1 — TpymoeMKOCTh JUCITUTIITUHBI
Ne Bupl yue6HOM ACSITEIBHOCTH 5 cemecTp Bcero Emmauner

1 Jlekuuun 20 20 4acoB
2 [IpakTnyeckue 3aHATUS 18 18 4acoB
3 JlaGopartopHsbie 3aHATHS 16 16 4acoB
4 Bcero aynutopHbIX 3aHATHIA 54 54 4acoB
5 W3 HUX B MHTEpaKTUBHOU Qopme 46 46 4acoB
6 CamocTosTensHas paboTa 54 54 4acoB
7 Bcero (6e3 sx3amena) 108 108 4acoB
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[ToaroroBka u crada sK3ameHa 36 36 4acoB
9 OO6mast TpPy10E€MKOCTh 144 144 4acoB
4 4 3.E
5. Coneprxanue QM CHUIITHHBI
5.1. Pa3zneJibl JMCHUIIMHBI M BU/AbI 3AHATHI
Paznensr qucuuIuiMHBL M BUIBI 3aHATUN TTPUBEACHBI B TabuIe S.1.
Tab6muua 5.1 — Pa3nensl AUCHUIUINHBI U BUABI 3aHATHI
[Ipakr Bcero
Camoc
nyecku | Jlabopa yacoB | Dopmupyemsl
Jlekuun TOSATEN
No HasBanus pasnenoB AUCHUIUIMHBI u e TOpHBIE| (6e3 e
3aHATH | pabOTHI 9K3aMe | KOMIIETCHIINH
pabota
s Ha)
Beenenne 0 0 2 4 I1IK-4
2 | ®u3MYECKHue OCHOBBI HAHOAIEKTPOHUKHU 6 10 20 [1K-2, I[IK-4
CrniocoObI popMUpOBaHUS KBAHTOBO- 0 4 8 [1K-2, I[IK-4
pPa3MEpHBIX HAHOCTPYKTYP
4 | KBanrtoBbie 3G (HeKThI 4 4 14 28 [1K-2, I[IK-4
YcrpolicTBa HAHOIEKTPOHUKHI 12 24 48 [1K-2, I[IK-4
Uroro 20 18 16 54 108
5.2. Conep:xkanue pa3aeioB JUCHUILIHHBI (110 JEKI[UAM)
Coneprxkanue pa3aenoB TUCHUILIMH (TI0 JICKIUSM ) IPUBEACHO B Ta0OmwuIe 5.2.
Tabnuua 5.2 - Conepxanue pa3aenoB AUCUUILINH (10 JIEKLIHSIM)
dopmupye
CopneprxaHue pa3ienoB IUCHUILIUHbI Tpynoe MbIe
No HasBanus pasznenos P p A MKOCTh
IO JICKITUSIM
(dac.) |KOMIIETEeHI]
17071
5 cemectp
1 Beenenne [IpenMer TUCHUIIIIMHBI U €€ 3a7a4u. 2 I1IK-4
OcCHOBHBIE ATaNbl UCTOPHUIECKOTO
Pa3BUTHS HAHOIEKTPOHUKHU 1
HaHOTeXHONOTUHU. CBsI3b ¢ APYTUMHU
JTUCIUTIIMHAMU. 3a/1a49H Kypca.
2 | dusnyecKue OCHOBBI Bonnsr /le bpoinsa. KBantosoe 4 IIK-2, IIK-
HaHOJIEKTPOHHUKHU orpannyeHue. KBaHTOBO-pa3MepHbIe 4
00BEKTHI U UX KJIaCCU(PUKAIIUS.
[TomynpoBOIHUKOBBIE
HaHOTETEPOCTYKTYPhl. DHEPTETUUECKHE
JTUarpaMMbl HAHOTETPOCTPYKTYP.
TpeboBanus, npeabsBIsEMbIE K
HaHOTeTEPOCTPYKTypam. J[BoiHbIE
rerepocTpykTypsl (AI'C).
Ceepxpemietku. [lomynmpoBogHIKOBBIE
cBepxpemeTku. Bupl cBepxpemeTox.
DHepreTu4ecKue 1uarpaMMbl
cBepxXpemeToK. MUHU3O0HBI.
DHEPreTUYEeCKU CIIEKTP MEKTPOHOB B
4
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cBepxpernieTkax. CBolcTBa
AJIEKTPOHHOTIO T'a3a B CBEpXpEIIeTKAX.
Bnusinue kBaHTOBOpa3MepHbBIX

3¢ (}eKTOB Ha CBOMCTBA BEIIECTRA.
banmucrnyeckuii TpaHCIOPT.

3 | Croco6bl popMupoBaHUs KBaHTOBO-
pa3sMEpPHBIX HAHOCTPYKTYP

OO61ue TpuHUHKITBEL POPMHUPOBAHUS
KBAaHTOBO-Pa3MEPHbBIX CTPYKTYP.
Onurtakcusa. PopMHpoOBaHHE KBAHTOBO-
pa3MepHBIX CTPYKTYpP METOJOM
MOJIEKYJIIPHO-TTY4E€BOM AIUTAKCUU
(MJID). ®opmupoBaHie KBAHTOBO-
pa3MepHbBIX CTPYKTYpP METOJIOM
XUMHUYECKOTO OCaXACHUSI U3 ra30BOM
(a3pl METAITIOOPraHUYECKUX
coenuHenuit (MOCVD).
dopMHUpPOBaHUE KBAHTOBBIX SIM.
®opMHUpOBaHUE KBAHTOBBIX ITPOBOJIOK
(HUTEl) TEOMETPUUECKUM U
AJIEKTPOHHBIM CIIOCOOOM.
dopMupoBaHUE KBAHTOBBIX TOYEK.
Mexanu3m mnpouecca
caMOOpraHu3aluy npu GOpMHUPOBAHUU
KBaHTOBBIX TOo4eK. Pazmep u popma
OCTpPOBKOB. BepTukanbHble MacCUBBI
KBAHTOBBIX TOYEK.

TK-2, TTK-

4 | KsanroBbie 3(hexTbl

2D-311eKTPOHHBIN ra3 B MAarHUTHOM
nosie. Llenounciennslil u 1poOHbIN
KBaHTOBBIN 3 ekt Xomna. ekt
AaponoBa-boma. D¢ dexr [lrapka.
KBanToBo-pa3smepnsriii a3 dekr Lllrapka
B F€TEPOHAHOCTPYKTYypax ¢
KBaHTOBBIMU sIMamMH. TyHHEIbHbIN
ahdext. Dpdext Jxo3edcona.
Kynonosckast Onokana. Kynonosckas
070Kazia ¢ OJJHUM TYHHEJIbHBIM
nepexoaoM. Kynonosckas 610kana c
JBYMSI TYHHEJIBHBIMH TTEPEXOJaAMH.
CoTyHHENnMpOBaHUE.

TK-2, TTK-

5 | YeTpoiicTBa HAHOAIEKTPOHUKH

[TpuGops! HA pe30HAHCHOM
TyHHEIUpOBaHuu. J(noipl Ha
PE30HAHCHOM TYHHEJIMPOBAHUH.
TpaH3uCTOpPBI HA PE30HAHCHOM
TyHHEIUpoBaHuu. Jlornyeckue
AJIEMEHTHI Ha PE30HAHCHO-TYHHEIbHBIX
npudopax. [Ipubops! Ha
OJIHOBJICKTPOHHOM TYHHEJIMPOBAHUH.
OnHOZMEKTPOHHBIN TPAH3UCTOP.
OnHOZIEKTPOHHBIN HACOC.
OnHo3NIEeKTpOHHAS TaMATh. YCTPOWCTBa
Ha OCHOBE CBEPXPEILIETOK.
Nudpakpacusie poTonmprueMHUKH.
CBepxpelieTKk B Ja3epHbIX
cTpykTypax. KBaHTOBbIE KackaaHbIE

TK-2, TTK-
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na3epsl. JIaBuHHbBIE (HOTOIUOIBI.
OnTuyeckre MOAYISTOPHI.
TpaH3uCTOPBI C BBICOKOH
noasmxHOCTEIO HEMT. O630p
MIPOrpPaMMHBIX CPEJCTB AJIs
MOJIETMPOBaHUs PUOOPOB U
YCTPOMCTB HAHOAJIEKTPOHUKHU.

HUtoro 20

5.3. Pa3zneJibl AUCHMILIMHBI M MEKIUCUUILUIMHAPHBIE CBSA3HU ¢ 00ecneYHBAIOIMMU (MPeIbIAyIIHMH)
U o0ecrieynBaeMbIMU (MOCJIETYIONIUMH) THCHUIVIMHAMHA
Paznenbl quctummiivHbl 1 MEXIUCIMIUIMHAPHBIE CBA3U C 00ECIEUMBAIOMUMHE (TIPEIBIAYIIUMHI) U
obecreunBaeMbIMH (IT0CIEAYIONMMH ) TUCITUTIIIMHAMY TIPEICTABIICHBI B Ta0uie 5.3.
Tabnuna 5.3 - Paznensl JUCIUTIIIMHBI U MEXKIUCIUATITMHAPHBIC CBSI3U

Ne pasznenoB 1aHHON AMCUUIUIMHBI, 11 KOTOPBIX
HEOOX0AMMO U3ydeHHE 00eCTIeUNBAIOIINX U
o0ecneunBaeMbIX JUCIIUIINH

1 2 3 4 5

Ne HanmMmeHnoBaHMe TUCITUILINH

[IpenmecTByromme qUCUUILIMHBL

1 | KommbroTepHOE MPOEKTUPOBAHUS

MPUOOPOB KBAHTOBOW U ONITHYECKOU + +
AIEKTPOHUKHU

2 | ®usnka KOHAEHCUPOBAHHOTO COCTOSIHUSA + +
TBeproTenbHas 3IEKTPOHUKA + +

4 | Marepuanbl 3I€KTPOHHON TEXHUKU + +

[Tocnenyromue AMCUUATUIMHBI

1 |TBepmoTenbHbBIE IPUOOPHI U YCTPOUCTBA + + + +

2 KBAaHTOBasA U OIITUYCCKAA 3JICKTPOHHKA

KBAHTOBBIE U ONTOAIEKTPOHHBIE TPUOOPHI
U yCTPOWCTBA

5.4. CooTBeTCTBHE KOMIIETEHI, GOPMHUPYEMBIX PH U3YyUYEHUH TUCHUTILINHBL, U BUI0B 3aHATHI
CootBercTBHE KOMMETEHLUUH, (POPMUPYEMBIX MPH W3YYEHUU JUCLUIUIMHBI, U BUIOB 3aHATHI
MpeAcTaBiIeHo B Tabnuie 5.4

Tabmuuma 5. 4 — CooTBETCTBME KOMIIETEHLUMH M BHJIOB 3aHATUH, (OPMHUPYEMBIX IpU HU3y4EHUH
TMCIUTUTAHBI
Bunrnl 3apsatuit
Komnerennu 5
[Ipaktnueckue | JlaboparopHsble
u Jlexuun P patop CamocrosTenpHas padora
3aHATHUS 3aHATHUS
[1K-2 + + +
ITK-4 + + +
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6. UnTepakTUBHBbIE MeTOAbI M (POPMBbI OPraHU3ANNHU 00yYeHHU S
TexHOJIOTruM HMHTEPAKTHUBHOIO OOy4deHHUs MpU pas3HbIX (opMmax 3aHATHI B yacax HpHUBEIEHBI B
Tabnuie 6.1
Tabnuua 6.1 — TexHOJIOruM UHTEPAKTUBHOTO 00y4YEHUS IPU pa3HbIX opMax 3aHATUN B yacax

NHTtepakr
NHTepakTuBHBIE WNHTepakTuBHBIE
Metoabt WBHBIC Bcero
MIPaKTUYECKUE 3aHATHS | J1abOpaTOpHbIE 3aHATHUS
TICKITHH
BelcTymuienne cryneHTa B 4 4
poJin 00y4aroIIeTo
[Ipe3enTanuu ¢ 6 6
HCII0JIb30BaHUEM
BUJICO(UIBMOB C
00CcyXIeHneM
[IpesenTanuu ¢ 8 8
HCII0JIb30BaHUEM
CIIaliIOB C 00CYKIEHUEM
Wccnenosarenbekuit 6 6
METOJ
Pemenne cutyaimOHHBIX 4 4
3azau
Case-study (meTon 8 8
KOHKPETHBIX CHTYaIHil)
Mo3srosoii mTypm 4 4
Pa6ora B komanje 6
Hroro 16 12 18 46
7. JIabopaTopHbIi NPAKTUKYM
Coneprxanne 1abopaTopHbIX paboT mpuBeAeHO B Tadmuie 7.1.
Tabmuna 7. 1 — Conepxanue 1a00paTOpHbIX padboOT
dopmupye
Tpynoe MBbIE
No HazBanus pasnenos Coneprxanne 1ab0paTOpHBIX pabOT | MKOCTH
(dac.) |KOMIIETEeHI]
U
5 cemectp
1 |KBanrtoBbie 3¢ (eKThl TyHHenbHbIN 3P PexT 4 IIK-2, IIK-
4
2 | YeTpoicCTBa HAHOIEKTPOHUKH Hccnenosanne xapakrepuctuk HEMT - 4 IIK-2, IIK-
TpaH3HUCTOpa 4
3 | YcrpoiicTBa HAHORIEKTPOHUKH Hccnenoanue cBETOAMOI0B HA OCHOBE 4 [1K-2, T1K-
JArC 4
4 | YerpoiicTBa HAHOANEKTPOHUKH MonenupoBaHue XapaKTEpUCTHK 4 IIK-2, IIK-
HEMT - Tpan3ucropa 4
Uroro 16
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8. IlpakTHUyeckune 3aHATHS
Coneprxkanue MpakTUYECKUX padboT MpuBeaeHO B Tabmuie 8. 1.
Tab6nuna 8. 1 — ConeprkaHue MpakTUIECKUX padoT

dopmupye
Tpynoe MBbIE

Ne HasBanus pasnenos ConeprkaHue NPaKTUYECKUX 3aHATUN | MKOCTh
(4ac.) |KOMIIETEHI]
U

5 cemectp

1 | ®usnyeckue 0OCHOBBI Bonnsr /le bpoinsa. KBantosoe 6 IIK-2, IIK-
HAHOXJIEKTPOHUKH orpanuueHue. [loaynpoBoaHUKOBBIE 4
HAHOTETEPOCTYKTYphl. DHEPreTUYECKUe
JrarpaMMbl HAHOTETPOCTPYKTYP.
TpeboBanus, NpeabsBIsEMbIE K
HaHOTeTEPOCTPYyKTypam. J[BoiHbIE
rerepocTpykTypsl (AI'C).
[TosrynnpoBOTHUKOBBIE CBEPXPELIETKH.
DHepreTu4ecKue 1uarpaMMbl
cBepxpeneTok. bamucTunueckuii
TPaHCHOPT.

2 | KBanroBbie 3¢hexTnl 2D-311eKTPOHHBIN ra3 B MArHUTHOM 6 IIK-2, IIK-
nosie. Llenounciennslil u 1poOHbIN 4
KBaHTOBBIN 3 ekt Xomna. ekt
[IIrapka. KBaHTOBO-pa3mMepHbIi
addexr lTapka B
reTepPOHAHOCTPYKTYpaxX ¢ KBAHTOBBIMHU
amaMu. TyHHenbHBIN 3 deKT.
Pe3onaHCHO-TyHHENbHBIN AP HEKT.
Dddexr Ixozedcona. KymoHockas
onmokana. KynmonoBckas Oiokasa ¢
OJTHUM TYHHEJIbHBIM TIEPEXOJIOM.
KynonoBckas 6mokana ¢ 1Bymst
TYHHEJIbHBIMH TIEPEXOaMHU.

3 | YcrpoiicTBa HAHORIEKTPOHUKH Jnoapl Ha pe30HAHCHOM 6 [1K-2, T1K-
TyHHEIUpoBaHUU. OJTHOAIEKTPOHHBIH 4
Tpan3zuctop. Mudpakpacusie
¢doronpuemHuku. KBantoBbie
KacKa/IHbI€e Ja3ephl. JIaBuHHbBIE
¢doronuopl. OnTHYECKUE MOIYIATOPHI.
TpaH3uCTOPBI C BBICOKOH
noxasmxkaocteio HEMT.

HUtoro 18

9. CamocrosiTeibHas padoTa
Bunpl camocTosiTenbHON paboThI, TPYAOEMKOCTh M ()OPMHpPYeMble KOMIIETSHIIMU TIPEACTABICHbI B
Tabmuue 9.1.
Tabnuua 9.1 - Buasl camocTosiTennbHOM paboThl, TPYI0EMKOCTh U (POPMHUpPYEMbIE KOMIIETEHIIUN

dopmu
Tpyno pMUpY
. eMbIe
Buapl caMoCTOATENBHOM | EMKOC
Ne HasBanus paznenos @OpMBI KOHTPOJIS
paboThI Th
KOMIIETEH
(qac.)
1007031
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5 cemectp
1 | KBanTOBBIE Y3PPEKTHI [ToaroroBka k [IK-2, Otuer no
MPAKTUICCKUM 3aHATHUSM, [1K-4 WH/IUBHTyaIbHOMY
CeMHUHapaM 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
2 ®du3znyecKrue 0CHOBBI IloaroroBka x IIK-2, OrtueT 1o
HAHODXJIEKTPOHUKH MPAKTUICCKUM 3aHATHUSM, [1K-4 WH/IUBHTyaIbHOMY
CeMHUHapaM 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
3 YerpolictBa IToaroroBka x IIK-2, BrimosHenue u 3ammura
HaHOJIEKTPOHUKHU MIPAKTUYECKUM 3aHATHUAM, [1K-4 n1abopaTtopHbIX padoT,
ceMUHapam Konrponbhas padora,
DK3ameH
4 |BBenenue [IpopaboTka [1K-4 Otuer no
JIEKLIIMOHHOTO MaTepuaa WH/IUBHTyaIbHOMY
3ananuto, KoHTponbHas
pabora, Dxk3amMeH
5 | KBanTtoBbie 3¢ HeKTs [TpopaboTka [1K-2, Otyer mo
JIEKIIMOHHOI'0 Marepuaa [1K-4 WHJUBUYAJIBHOMY
3ananuto, KoHTponbHas
pabora, Dxk3amMeH
6 | YcrpoiicTBa [IpopaboTka IK-2, Otyer mo
HAHOXJIEKTPOHUKH JIEKLIIMOHHOTO MaTepuaa [1K-4 WH/IUBHTyaIbHOMY
3anannto, KoHTponbHas
pabora, Dxk3amMeH
7 | CrocoOst [TpopaboTka IK-2, Otyer mo
(dbopMUpOBaHUS JIEKLIIMOHHOTO MaTepuaa [1K-4 WH/IUBHTyaIbHOMY
KBaHTOBO-Pa3MEPHbBIX 3ananuio, KourponpHas
HAHOCTPYKTYD pabota, DKk3aMeH
8 | DuU3nYECKUE OCHOBBI [TpopaboTka [1K-2, Otyer mo
HAHOXJIEKTPOHUKH JIEKLIIMOHHOTO MaTepuaa [1K-4 WH/IUBHTyaIbHOMY
3ananuto, KoHTponbHas
pabora, Dxk3amMeH
9 | YcrpoiicTtBa OdopmiteHre 0TYETOB 110 [K-2, Otyer mo
HaHOJIEKTPOHUKHU nmabopaTtopHbIM paboTam [1K-4 VWHJMBUIYAIBHOMY
3aJaHnio, BeImtonHenne n
3aIuTa JIabopaTOPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH
10 | YcrpoiictBa OdopmiieHre 0TYETOB 11O IK-2, Otyer mo
HaHOJIEKTPOHUKHU nmabopaTtopHbIM paboTam [1K-4 VWHJMBUIYAIBHOMY
3aJaHnio, BeImtonHenne n
3aIuTa J1abopaToOPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH
11 | YerpoiicTBa OdopmiieHre 0TYETOB 11O [1K-2, Otyer mo
HaHOJIEKTPOHUKHU nmabopaTtopHbIM paboTam [1K-4 VWHJIUBHUIYAIBHOMY
3aJaHuIo, BeITIomHeHne n
3aIuTa JIabopaTOPHbIX
pabot, KonTponbHas
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pabora, Dxk3amMeH

12 |KBaHTOBBIE Y3PPEKTHI OdopmieHre 0T4ETOB 10 4 |IIK-2, Otuer no
nabopaTopHbIM paboTam [1K-4 WHIMBUIYAJIbBHOMY
3aJaHuio, BeITlonHenne n
3aIuTa JIabopaToOPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH

Bcero (6e3 sx3amena) 54
13 |IloaroroBka K SK3aMeHY 36 DKk3ameH
Uroro 90

10. KypcoBas padora
He npenycmorpeno PYII

11. PeiiTuHroBasi cucremMa JJjisi OlleHKH YCIIeBAeMOCTH CTYIEHTOB

11.1. bBajuibHbIEe OLEHKH ISl 3JIEMEHTOB KOHTPOJIS
Tabnuua 11.1 — banbHbIe OLEHKHU U1 3IEMEHTOB KOHTPOJIS

. N MakcuManbHbII
. MaxkcuManbHBIH MaxkcuManbHBIH
DneMeHTbl yueOHOI 0asu1 3a mepuos Bcero 3a
6amn Ha 1-yto KT ¢ | Gayn 3a nepuon
NEeATEIIBHOCTH Mexnay 2KT u na CeMeCTp
Havana ceMectpa | Mexay 1KT u 2KT
KOHEIl ceMecTpa
5 cemectp
Konrponbnas padora 10 10 10 30
Otyer mo 5 5 10 20
WH/IUBHTyaIbHOMY
3aJIaHUIO0
Beinonnenue u 3anura 5 15 20
1a00paTOPHBIX PadboT
Ok3aMeH 30
Hapacratomum ntorom 15 35 70 100

11.2. llepecyeT 0a/1U10B B OLIECHKH 32 KOHTPOJIbHbIE TOUKHU
[Tepecuer OanIoB B OIICHKU 3a KOHTPOJIbHBIE TOUKH MpEACTaBIeH B Tabmuie 11.2.
Tabnuua 11. 2 — [lepecueT 0amioB B OLICHKH 332 KOHTPOJIbHbBIE TOUKH

baynel Ha 1aTy KOHTPOJIBHON TOYKH Onenka

> 90% OoT MakcuMaJIbHOW CyMMBI O0autoB Ha naty KT 5

Ot 70% 1o 89% ot makcumanbHOi cymmbl OaisioB Ha naty KT

4
Ot 60% 10 69% ot makcumanbHOU cymMbl OaiioB Ha naty KT 3
2

< 60% oT MakcuManbHOM cyMMbl OaiuioB Ha aaty KT

11.3. IlepecueT cyMMBbI HAJIJI0B B TPATAUIIHOHHYIO M MEKIYHAPOIHYIO OLIEHKY
[lepecueT cymmbl GaJIJIOB B TPAJUIIMOHHYIO U MEXAYHAPOAHYIO OLIEHKY MPE/CTaBIIEH B TaOIuIe

11.3.
Tabnuua 11. 3 — [lepecueT cymmbl OaJlJIOB B TPAAUIIMOHHYIO U MEXIYHAPOAHYIO OIICHKY
Hrorosas cymma 6aiios,
Onenka (I'OC) YYHUTBIBAECT YCIEUIHO CAAHHBIN Onenka (ECTS)
9K3aMeH
5 (oTM4HO) (3a4TEHO) 90 - 100 A (0TIIMYHO)
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85 -89 B (ouens xoporo)

4 (xopo110) (3a4TeHO) 75 - 84 C (xopor1wo)
70 - 74 D ( )
TIOBJIETBOPUTEIIBHO
y . | 65 - 69 ’ P
OBJICTBOPHUTEIHHO) (3a4TEHO
> P 60 - 64 E (mocpenctenno)
2 (HEYROBNCTBOPHTEHHO) (HE Hwxe 60 6amios F (meynoBneTBopuTEIHHO)

3a4TEHO)

12. YueOHO-MeTOAMYECKOE U HH(POPMALIMOHHOE o0ecTieueHne T CUUTITTUHbI

12.1. OcHoBHas JuTEparypa

1. bopucenko B. E. Hanosnekrponuka: yue6Hoe mocodue mis By30B / B. E. bopucenko, A. U.
BopobbeBa, E. A. YTkuna. - M. : BUHOM. Jlaboparopus 3nanuit, 2012. - 224 ¢. - ISBN 978-5-94774-
914-4 (nanuuue B 6ubanorexe TYCVYP - 81 3k3.)

2. Tposu ILE. Hanosnexkrponuka: ydeOHoe mnocobme / ILE. Tposn, 0.B. Caxapos. -
MunuctepctBo oOpazoBanuss W Hayku Poccuiickoin ®Denepanmu, [ocymapcTBeHHas KOpIIOpAIHs
"Poccuiickas koprnopauusi HaHOTexHosoruil", TOMCKHII TOCyIapCTBEHHBIM YHUBEPCUTET CHCTEM
ynpasieHus u paauouiekTpoHuku. — Tomck: TYCVYP, 2010. — 88 ¢ (nanuuue B 6ubnuorexke TYCVYP - 15
9K3.)

12.2. JlonosiHUTEIbHASA JTUTEPATYPa

1. Yammerun FO0.A. Hanorexnonoruu B anekrponuke: Mounorpadus / H. U. boprapar [u ap.] ;
pen. 0. A. Yamnsirud ; MOCKOBCKHMI TOCYIapCTBEHHBIH HHCTUTYT JIEKTPOHHOM TeXHHKH. - M. :
Texnocdepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nasninuue B Oubnuoreke TYCVYP - 20 3k3.)

2. JparyaoB B.I1. OcHOBbI HaHOAIEKTPOHUKH: yaeOHOe mocooue nms By3oB / B. I1. JlparyHos,
N. T. Heussectnsiil, B. A. I'puguun. - M. : @uszmarknura ; M. : Jloroc ; M. : YHUBepcUTETCKass KHUTA,
2006. - 494 c. - ISBN 5-98704-054-X. - ISBN 5-89155-149-7 (nanuuue B 6udnuorexke TYCVYP - 32 3k3.)

3. HanortexHonmoruum B MOJYNPOBOJHUKOBOM »snekTpoHuke: KosnexktuBHas MoHorpadus /
Poccuiickas Axagemusi Hayk, Cubupckoe otaenenue, MHCTUTYT (GU3UKH MOIYNMPOBOIHUKOB; ped. A.JL.
AceeB. — HoBocubupck: M3marensctBo CO PAH, 2004. — 367 [1] ¢ (nanuuue B 6ubmoreke TYCVYP - 10
9K3.)

4. Dnexrponuka: YuebHoe mocobue mis By30B / A.A. lllyka; pen. A.C. Curos. — CII6.: BXB-
[TeTepOypr, 2006. — 799 ¢ (nanuuue B Oubnuoreke TYCVYP - 3 5k3.)

12.3. Y4eOHO-MeTOIHYECKOE TOCOOHEe U POrPpaMMHOe obecrneyeHue

1. 1. Tposn ILE. HaHnosnekrpoHuka: Y4yeOHO-METOIMYECKOE MOCOOHE IO ayIUTOPHBIM
MIPaKTUYECKUM 3aHATUSM U camocrostenbHoil padote / [LE. TposH, }0.B. Caxapos. u3n-so Tomckuii
TOCYIapCTBEHHBIN YHUBEPCUTET CUCTEM YIIPABICHUS U paauodNieKTpoHukH, 2015. — 31 ¢ — [3neKTpoHHBII
pecypcl]. — [DnexTpoHHbIH pecypc]. [DnexrponHbIi pecypc]. -
http://miel.tusur.ru/index.php?option=com_content&view=article&id=238

2. Tposu I1.E. Hanosnekrponuka: Y4eOHO-MeTOUUYECKOE MTOCOOMe 10 1abopatopHbIM paboTam
/ TLLE. Tposn, }O.B. CaxapoB. — Tomck: U3n-Bo ToMcK. roc. yH-Ta CUCTEM YIIp. U PaJHOIEKTPOHUKH,
2010. — 52 c. — [onexTpoHHBIM pecypc]. [DOnekTpoHHbI pecypc] [DnexkTpoHHbI pecypc]. -
http://miel.tusur.ru/index.php?option=com_content&view=article&id=238

12.4. Ba3bl JaHHBIX, THGOPMALMOHHO CIIPABOYHbIE M TOMCKOBbIE CHCTEMbI
1. Hano Haitxect" - WHTEPHET-)KYypHAII, IO CBSIILICHHBIN HAHOTEXHOJIOT U
http://nanodigest.ru/stati/issledovaniia-i-razrabotki/nanoelektronika-dostizheniia-i-perspektivy

13. MarepuajibHO-TeXHHYECKOe o0ecredeHue TUCUMIITUHbI
B cBs13u ¢ 00bIIMM KOJIMYECTBOM I'pauuecKoro MaTepuana U pUCyHKOB 10 JAHHOUW JUCLUILINHE
JICKOIMOHHBIC 3aHATHA CICAYCT IPOBOJUTH C IPUMCHCHHUEM ITPOCKTOPAa M KOMIIBIOTCPA U oOecrieunBarh
CiTymiatesied pa3gaTovHbIM MarepuaioM. [IpakTudeckue 3aHATHS CIEAyeT MPOBOJIUTH B KOMITBIOTEPHOM
KJIacCe C MCIOJIb30BAHUEM MaTEMaTHUYECKOTO MMaKeTa.
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JlaGopatopHbie pabOTHI TPOBOIATCA MO TPAAWIMOHHOW METOJAMKE B CHEIUATU3UPOBAHHOMN
nabopatopHoit aynutopuu kad. ®D. Jlomyck K BBITIOJHEHHIO JTaO0OPATOPHBIX padOT CTYACHT MOJIy4YaeT
MOCJIE TIOYYSHHSI COOTBETCTBYIOIIETO HHCTPYKTAXKA 110 TEXHUKE O€30MaCHOCTH.

14. ®oHA OLIEHOYHBIX CPEICTB
@OH/1 OLIEHOYHBIX CPEACTB IPUBEACH B IPWIOKEHNH 1.

15. MeTtoauyeckne peKOMEHJAIMHU 110 OPTraHU3AIUH U3yYeHH s TUCHHNIHHBI
KoncrektupoBanue CTyaeHTaMu JIGKIIMOHHOTO Marepuana oOs3arenbHo.  O0s3aTeIbHBIM
YCIIOBHEM JOIYCKa K dK3aMEHY SIBJISCTCS BBIIIOJHEHUE W 3allMTa BCEX JIA0OPATOPHBIX PadoT, a TaKxke
KOHTPOJIbHBIX paboT
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IIpuioxenue 1
MUHUCTEPCTBO OBPA3OBAHUSA U HAYKU P®
®enepanbHOE roCyIapcTBEHHOE 0I0IKeTHOE 00pa30BaTe/IbHOE YUpesKAeHHe BhICIIero 00pa3oBaHus

«TOMCKMI TOCYJAPCTBEHHbIN YHUBEPCUTET CUCTEM
YITPABJIEHUA U PAIIUOSJIEKTPOHUKN

(TYCYP)
YTBEPXIAIO
[IpopekTop no yuebHolt pabote
II. E. Tposin
«_» 20 r

®OH/] OLIEHOYHbBIX CPEJCTB 10 YYEBHOU JUCLAIIIMHE
HaHos/1eKTpOoHNKa

VYpoBeHb 0CHOBHOM 00Opa3oBareabHON Iporpammel: bakanaspuar

Hanpasnenue noarorosku (cneunanbHOCTh): 11.03.04 Di1eKTpOHUKA U HAHOIJIEKTPOHUKA
[Ipoduns: KBanTOBast U onTHYeCKAs 3JIeKTPOHUKA

dopma 00yueHUs: OUHAA

@axynpreT: @IT, DakyJabTeT IEKTPOHHON TEXHUKH

Kadenpa: 11, Kadenpa 3j1eKTpoHHBIX IPUOOPOB

Kypc: 3

Cemectp: 5

VYyeOnsiii mnan Habopa 2013 roga

PazpaboTunku:
— JHouent xad. @3 Caxapos 1O. B.

DKk3ameH: 5 ceMecTp

Tomck 2016
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1. Beenenue

®onp oueHounsix cpeacts (POC) sBisgercs NpUIOKEHUEM K pabodeil nmporpaMme JUCHUILINHbI
(IpakTUKK) U MpencTaBiIsieT cO00N COBOKYIMHOCTh KOHTPOJIbHO-U3MEPUTEIbHBIX MaTepualioB (TUIIOBbIE
3a1a4u (3a7aHus1), KOHTPOJIbHBIE PAaOOTHI, TECTHI U JIP.) ¥ METOJIOB UX MCIIOJIb30BAHUS, IPEAHA3HAYCHHBIX
JUIS U3MEPEHUS YPOBHS IOCTHKEHHUS CTYJIEHTOM YCTaHOBJIEHHBIX PE3YJIbTaTOB 00yUEHUSI.

®OC mno aucuuvHe (MPAaKTUKE) HCHOJIb3YyeTCS MpPU IPOBEIEHUU TEKYILEro KOHTPOJIs
YCIIEBAEMOCTH U MIPOMEXKYTOUHOMN aTTeCTAllMU CTYICHTOB.

[lepeueHb 3aKpeIUICHHBIX 32 TUCLUIUIMHON (ITPaKTUKOM) KOMIIETEHUIUN IpUBeeH B Tabnuie 1.
Tabnuua 1 — [lepeyeHs 3aKperieHHbIX 33 AUCUUIIIMHON KOMIIETEHIUH

TEXHUKO-PKOHOMHYECKOE 0O0CHOBAHUE

MIPOEKTOB

Kon @opMyIMpOBKa KOMIIETEHIIMT Oranbl OopMUPOBAHHS KOMIIETEHIIUN
[IK-2 CHOCOOHOCTHIO apIr'yMEHTHUPOBAHHO BHIOMPATh U | JI0JKEH 3HAaTh METO/IbI
peanu30BbIBATh Ha MPAKTUKE dPPEKTUBHYIO JKCIIEPUMEHTAIBHOTO UCCIIE0BAHMS
METOJIUKY SKCIEPUMEHTAIILHOTO UCCIEIOBaHUS |[1apaMeTPOB U XapaKTEPUCTUK NpHUOOpoB
[apaMeTpoB U XapaKTEPUCTUK MPUOOPOB, CXEM, | HAHOIEKTPOHUKH PA3IUYHOTO
YCTPOMCTB ¥ YCTAHOBOK JIEKTPOHUKU U (YHKIMOHAJIBHOTO Ha3HAYEHHUS; METOJUKY
HaHOJIEKTPOHUKHU PA3IUIHOIO pacueTa TEXHUKO-IKOHOMHUYECKHX
(YHKITMOHAJTLHOTO HA3HAYCHUS ToKazarteliel pu pa3paboTke mpruoOpPoOB 1
TPOWCTB HaH: KTPOHUKH;
[1K-4 CIIOCOOHOCTHIO TTPOBOUTH MIPEIBAPUTEITHHOE yerpouce AHOSJICKTPO ’

JIOJDKeH yMeTh TIPOBOANTH MCCIIEIOBAHNE
apaMeTpoB M XapaKTePUCTUK IPUOOPOB
HAHODJIEKTPOHUKHU Pa3IMIHOTO
(YHKIIMOHATIHHOTO Ha3HAYCHUS;
MIPOBOJIUTH TEXHHUKO-YKOHOMHYECKOE
000CHOBaHME MMPOEKTOB U pa3zpaboTKe
pUOOPOB U YCTPOICTB HAHOIIEKTPOHUKH;
JIOJDKeH BIIaIeTh METOAMKOM MTPOBEICHUS
HCCIIEI0BAHNN NTapaMeTPOB U
XapaKTepUCTUK MPUOOPOB
HAHODJIEKTPOHUKHU Pa3IMIHOTO
(YHKIIMOHATHHOTO Ha3HAYCHUS;
METOAUKOW TTPOBENICHHSI TEXHUKO-
HKOHOMHUYECKOE 000CHOBAHHE IIPOCKTOB
pu pa3paboTKe IPHOOPOB U YCTPOHCTB
HAHODJIEKTPOHUKY; ;

OO01ue XapaKTepUCTHKHU MOKa3aTejell U KpuTepreB

IIpUBE/IEHBI B Tabnuue 2.
Tabnuua 2 — O61re XapakTepuCTHUKU NoKa3aTeaeil 1 KpUTepHeB OLEHUBAaHUS KOMIETEHIIMH 110 3Tanam

OICHUBAaHUA KOMHGTCHIII/II\/’I Ha BCEX I3Tamnax

Tloka3arenu u
KpUTepUu

3HaThb

VYmMmeTn

Bnazers

OTnu4HO (BBICOKHIMA
YpOBEHbB)

Ob6nanaeT pakTUIECKUMU
U TEOPETUICCKUMU
S3HaHUSAMM B IPCACIax
n3ydaeMoi o0acTu ¢
IIOHUMAHHEM I'PpaHMI]
MMPUMCHUMOCTHU

OO6nagaer Auana3oHOM
MIPAKTUYECKUX YMEHUH,
TpeOyeMbIX Ul pa3BUTHUS
TBOPYECKUX PELICHUN,
abcTparupoBaHUs
npooaem

KonTpomupyet padory,
MIPOBOJIUT OIICHKY,
COBEPILICHCTBYET ICUCTBUSA
paboThI

Xoporto (6a30BbIi
YpOBEHbB)

3Haet (paKThl, MPUHIUIIBL,
MIPOIIECCHI, OOIINE
IMOHATHUA B IPEALCIax
n3ydaeMoii oonactu

Ob6nanaer nuana3oHOM
MIPAKTUYECKUX YMEHUH,
TpeOyeMBbIX JUTsl peIICHUS
ONpeAeNeHHBIX MPoOIeM B
001acTH UCCIIEIOBAHUS

beper oTBETCTBEHHOCTH 32
3aBepIleHUE 3a/1a4 B
HCCIICIOBAHHH,
MIPUCIIOCA0INBAET CBOE
IIOBEJACHHUEC K
00CTOATENLCTBAM B
pelieHuu npoodiem
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VnosnersopurensH | OOnagaer 6a30BbIMU Ob6nanaeT 0OCHOBHBIMU PaGoraer npu npsimom

0 (oporoBbIf OOLIMMU 3HAHUSMU YMEHUSIMH, TPeOyeMbIMU | HAOJIOIEHUN
YpOBEHb) U1l BBITIOJTHEHUS IIPOCTBIX
3ajaq

2 Peanu3zanus KoMneTeHIMH

2.1 Komnerenuus ITK-2

[IK-2: cnocoGHOCTBbIO apryMEHTHPOBAHHO BbIOMpaTb M  pEaIM30BBIBATH HA  IMPAKTHKE
3G (GEKTUBHYIO METOAUKY SKCIIEPUMEHTAIBHOTO UCCIIEOBAHMS [TAPAaMETPOB U XapaKTEPUCTUK PUOOpOB,
CXEM, YCTPOMCTB M YCTAaHOBOK OJJIEKTPOHHUKH U HAHOIEKTPOHHUKU PaA3IUYHOTO (PYHKIHMOHAIBHOTO
HA3HAYCHMUS.

i popMHpoBaHUS KOMIETEHIIMHA HEOOXOJMMO OCYIIECTBUTD Psijl 3TANOB. DTarnbl GOPMUPOBAHUS
KOMIIETEHIIUH, IPUMEHSEMBbIE JUIsl 3TOTO0 BUJAbl 3aHATUH W HUCHOJb3yeMbl€ CpEACTBA OLIEHUBAHUS
MpeACTaBICHBI B TabmuIE 3.

Tabnuua 3 — Oranel popMHUpPOBaHUS KOMIIETEHLIMHU U HCII0JIb3YeMbl€ CPEICTBA OLIEHUBAHUS

CocraB 3Harhb YmeTh Bnanets
Copnepxxanue METO/IbI IIPOBOAUTH UCCIIEJOBAHUE | METOIUKOM MpPOBEIECHUS
3TaIroB AKCIIEPUMEHTAJIBLHOTO rapameTpoB U UCCIIEIOBaHUM

UCCIIEIOBAHUS XapaKTepUCTUK MPUOOPOB | TApaMETPOB U
rapameTpoB U HAHO3JIEKTPOHUKH XapaKTepUCTUK MPUOOPOB
XapaKTepUCTUK TPUOOPOB | pa3IMYHOTO HAHO3JIEKTPOHUKH
HAHO3JIEKTPOHUKH (GYHKIIMOHATBHOTO Pa3IM4HOIOo
Pa3IM4HOIOo HA3HAYEHUS; (YHKIIMOHATBHOTO
(GYHKIIMOHATBHOTO HA3HAYEHUS;
HA3HAYEHUS;
Buipr 3ansTuii e lnTepakTuBHBIE e lnTepakTuBHBIE e lInTepakTuBHBIE
MPAKTUYECKUE 3aHATHS; | MPAKTHUECKHUE 3aHATHS; | IPAKTUYECKUE 3aHSTHUS,
e llHTEepakTUBHBIE e llHTEpakTUBHBIE e llHTEepakTUBHBIE
JIEKLUU; naboparopHble 3aHATHs; | J1a00PaTOPHBIE 3AHSITHUS,
e [Ipaktnyeckue e lInTepakTuBHBIE e JlaGopatopHsbie
3aHATHUS, JIEKLUU; 3aHSATHUS;
e Jlekmuu; e [IpakTnyeckue e CamocTosTenbHas
e CamocTosTenbHas 3aHSTHUSA, pabora;
paborta; e JlaGopaTtopHble
e IloaroroBska K 3aHATHS,
JK3aMEHY; e Jlekmuu;
e CamocTosTenbHas
pabora;
e [loaroroBka k
9K3aMEHY;
Hcnonb3yeMblie e KonrponbHas pabora; | e KonrponbHas pabora; | e BrinonHenue u
CpCaCTBa e Ortuer 1o e BrimomHeHue n 3aluTa J'Ia60paT0pHI>IX
OLCHMBAHUA MHJIWBUIYaJIbHOMY 3aIuTa J1abopaToOPHbIX pabor;
3aIaHHIO; pabor; e Oryer o
e DK3aMEH,; e Ortuer no UHJMBUIYAJIBHOMY
e KoHcrekT 1o UHIUBUAYAJILHOMY 3aJIaHUIO;
CaMOCTOSITEJIbHOM paboTe | 3aJaHHIO; e DK3aMeH;
e DK3aMeH; e KoHcmekr no
e KoHcnekr 1o CaMOCTOSITENIbHOM paboTe
CaMOCTOSITEILHOM paboTe

Q@opMyIMpOBKa IOKA3aTeled W KPUTEPUEB OLICHUBAHUSA JAHHOM KOMIIETECHIMH IIPUBEACHA B
Tabimune 4.
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Tabnuua 4 — [lokazaTenu U KpUTEPUH OLIEHUBAHUS KOMIIETEHIIMU Ha ATarax

Cocras

3HaThb

VYmMmeTn

Bnazetrs

O1nuyHO
(BBICOKUI YPOBEHD)

® COBpPEMEHHOE
COCTOSIHUE U TEHICHIINH
pa3BUTHUA
HAHODXJIEKTPOHUKH U
W3MEPUTEIIBHON TEXHUKH,
HCMOJIb3yEMOM 1A
JKCIIEPUMEHTAIBHOTO
HCCIIEI0BAHMS
rapamMeTpoB U
XapaKTePUCTUK
npuOopoB
HaHOJIEKTPOHUKHU
Pa3INYHOTIO
(GYHKIIMOHATBHOTO
Ha3zHayeHud. /[nama3oH u
(UBUYECKUN CMBICTT

e [IpoBoauTh
UCCIIEIOBAHUS
apameTpoB U
XapaKTepUCTUK
puOopoB
HAHOXJIEKTPOHUKH
Pa3IM4HOIOo
(GYHKIIMOHATBHOTO
Ha3HA4YEHUS C
HCII0JIb30BaHUEM
COBPEMEHHOTO
MU3MEPUTENILHOTO
000pyIOBaHNS;
[IpoBONTH HACTPOMKY H
00paboTKy pe3yabTaToB
WU3MEPEHMI;

® [PaKTUYECKUMU
HaBbIKaMU pabOThI HA
COBPEMEHHOM
U3MEPUTEIBHON
000pyI0BaHNH,
UCIIOJIb3YEMOM JJIsi
UCCIIEIOBAHUS
apameTpoB U
XapaKTepUCTUK
puOopoB
HAHOXJIEKTPOHUKH
Pa3IM4HOIO
(GYHKIIMOHATBHOTO
Ha3HadeHus. MeToukoin
HACTPOUKHU
U3MEPUTENILHOTO

U3MEpSEMBIX 00opynoBaHuUs, a TAaKXKe
MapaMeTpoB; METOMKON 00pabOTKH
pe3ynbTaToB
UCCIIEIOBAHUS;
Xopomwo (0a30BbI | e THIIOBYIO e IIpoBoauTh ® IIPAKTHYECCKUMHU
YPOBEHB) U3MEPUTEIIbHYIO UCCIIEIOBAHUS HaBbIKaMU pabOThI HA
TEXHUKY, UCTIOJIb3YEMYIO | IapamMeTpoB U THUIIOBOM HU3MEPHUTENBHOM
TUISL J1s1 XapaKTepUCTUK o0opynoBaHuy,
AKCIIEPUMEHTAJILHOTO puOopoB UCIIOJIb3YEMOM JJIs1
UCCIIEIOBAHUS HAHO3JIEKTPOHUKH UCCIIEIOBAHUS
rapameTpoB U Pa3IM4HOIOo apameTpoB U
XapaKTepUCTUK (GYHKIIMOHATBHOTO XapaKTepUCTUK
puOopoB Ha3HA4YEHUs C npuOoOpoB
HAHOXJIEKTPOHUKH HCII0JIb30BaHUEM HAHOXJIEKTPOHUKH
Pa3IM4HOIOo THUIIOBOTO Pa3IM4HOIOo
(GYHKIIMOHATBHOTO U3MEPUTEIIBHOTO (YHKIIMOHATBHOTO
HA3HAYEHUS; o0opynoBaHus; HA3HAYEHUS;
VHOBHGTBOPI/ITGHBH ® JIepCUYCHb TUIIOBOTO ® [IPOBOJUTH IIPOCTHIC ® HaBbIKAMMU IIOMCKA U
0 (moporoBbIf U3MEPUTENILHOTO M3MEpEHUs apaMeTpoB | HMCIOJIb30BaHUS
YPOBEHB) o0opynoBaHus OCHOBHBIX ITPHOOPOB CIIPAaBOYHOM JINTEPATYPHI
HCIIOJIb3YEMOTO JJIst HAHODXJIEKTPOHUKH; JUIS CaMOCTOATEIbHON
AKCIIEPUMEHTAJIbLHOTO paboThl Ha TUIIOBOM
HCCIIEIOBAHUA U3MEPUTEIBHON
apameTpoB U o0opynoBaHuy,
XapaKTepUCTUK UCIIOJIb3YEMOM JJIsi
OCHOBHBIX ITPHOOPOB UCCIIEIOBAHUS
HAHODXJIEKTPOHUKH; rapameTpoB U
XapaKTepUCTUK
OCHOBHBIX ITPHOOPOB
HAHODXJIEKTPOHUKH;

IIPOEKTOB.

2.2 Komnerenuus INK-4
[IK-4: crmocoOGHOCTBIO TPOBOAUTH MPEABAPUTEIBHOE TEXHUKO-IKOHOMUYECKOE O00CHOBaHUWE
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i popMHpoBaHUS KOMIETEHIIMHA HEOOXOJMMO OCYHIECTBUTD Psijl 3TanoB. DTarnbl (GOPMUPOBAHUS
KOMIIETEHIIMH, IPUMEHSEMBbIE JUIsl 3TOTO0 BUJAbl 3aHATUH W HUCHOJb3yeMbl€ CpEACTBA OLIEHUBAHUS
MIPEICTABICHBI B TaOIHIE 5.
OPMUPOBaHUSI KOMIIETEHIIMH U UCIOJIb3YEMbIE CPEICTBA OLICHUBAHUS

Tabmuma 5 — Drarnsl

IoKasaresen npu
pa3paboTke npubopoB U
YCTPOUCTB
HAHOXJIEKTPOHUKH

000CHOBaHUE MTPOEKTOB
pu pa3zpaboTke MPUOOPOB
U YyCTPONCTB
HAHODJIEKTPOHUKHU

Cocrasn 3HaThb YMeThb Bnaners
Coneprxanue METOJIUKY pacueTra MIPOBOJUTEH TEXHUKO- METOJIMKON MPOBEICHUS
3TaIIOB TECXHUKO-DKOHOMHNYCCKUX SKOHOMHNYCCKOC TEXHUKO-DKOHOMHNYCCKOC

000CHOBaHUE MTPOEKTOB
pu pa3zpadboTke MPUOOPOB
U YyCTPOWCTB
HAHODJIEKTPOHUKHU

Bunrl 3apsatuit

e llHTEpakTUBHBIE
IIPAKTUYECKUE 3aHATHS;
e llHTEepakTUBHBIE
JIEKIUU;

e [IpakTnueckue
3aHATHUS,

o Jleknumu;

e CamocTosTenbHas
pabora;

e [loaroroBka k
JK3aMEHY;

e llHTEpakTUBHBIE
MIPaKTUYECKHUE 3aHATHS;
e llHTEpakTUBHBIE
JabopaTOpHBIE 3aHATHS;
e llHTEpakTUBHBIE
JIEKLUU;

e [IpakTnueckue
3aHSTHUS;

e JlaGopaTtopHble
3aHSATHUS;

o Jleknnu;

e CamocTrosTenbHas
pabora;

e [loaroroBka k
9K3aMEHY;

e llHTEepakTUBHBIE
MIPaKTUYECKHUE 3aHATHS;
e llHTEepakTUBHBIE
JabopaTOpHBIE 3aHATHS;
e JlaGopatopHbie
3aHSATHUS;

e CamocTosTenbHas
pabora;

Hcnons3yemsle
cpencTBa
OLICHUBAHUS

e KoHrposbHas pabora;
e Ortuer no
WH/IUBHTyaIbHOMY
3aJJaHHIO;

e DK3aMeH;

e KoHcnekr o
CaMOCTOSITENIbHOM paboTe

e KoHrposbHas pabora;
e BrinonHenue u
3aIuTa J1abopaToOPHbIX
pabor;

e Ortuyer no
WH/IUBHTyaIbHOMY
3aJIaHUIO;

e DK3aMeH;

e KoHcnekr o
CaMOCTOSITENIbHOM paboTe

e BrinonHenue u
3aIuTa JIabopaToOPHbIX
pabor;

e Ortuert no
WHIUBUAYATEHOMY
3a/IaHHUIO;

e DK3aMeH;

e KoHcnekr o
CaMOCTOSITENIbHOM paboTe

@opMyIMpOBKa IIOKA3aTeled W KPUTEPUEB OLICHUBAHUSA JAHHOM KOMIIETCHLIMM IIpUBEJICHA B

Tabimie 6.
Tabnuma 6 — [Tokazarenu U KpUTEPUH OICHUBAHUS KOMIICTCHIIMH Ha dTaIrax

Cocras 3HaTh YMeThb Bnaners
OTIN4HO ® METOIUKOU

(BBICOKHI YPOBEHD)

® COBpPEMEHHBIE
METOJMKH pacdera
TEXHUKO-DKOHOMHYECKUX
IoKasaresen npu
pa3paboTke npubopoB U
YCTPOUCTB
HAHODJIEKTPOHUKHU
Pas3IUYHOIOo
(GYHKIIMOHATBHOTO
HA3HAYCHHMS, a TAKKE
METOIUKH

® TIPOBOJIUTH pacueT
TEXHUKO-DKOHOMHYECKUX
IoKasaresen npu
pa3paboTke npubopoB U
YCTPOUCTB
HAHODJIEKTPOHUKHU
Pas3IUYHOrOo
(GYHKIIMOHATBHOTO
HA3HAYCHHSI, C YIETOM
J0JITOBPEMEHHOIO
MIPOTHO3UPOBAHHS,

MIPOBE/ICHUS pacueTa
TEXHUKO-DKOHOMHYECKUX
IoKasaresyen Ipu
pa3paboTke npubopoB U
YCTPOUCTB
HAHODJIEKTPOHUKHU
Pas3IUYHOrOo
(YHKIIMOHATBHOTO
HA3HAYCHHSI, C YIETOM
JI0JITOBPEMEHHOIO
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JOJITOBPEMEHHOTO IIPOrHO3UPOBAHMUS;
[IPOrHO3UPOBAHMUS;
Xopouro (0a30BbIA | e THIIOBBIE METOJAUKH ® [IPOBOJHUTH PacyueT ® METOMKOI
YPOBEHB) pacyuera TCXHHUKO- TCXHUKO-DKOHOMHYCCKHUX | MPOBCACHMS pacuyeTa
SKOHOMHYECKHX nokasaresel mpu TEXHUKO-3KOHOMUYECKUX
nokasaresel mpu pa3paboTke npubOpoOB U | IMOKazaTesiel nmpu
pa3zpaboTke mpuOOPOB U | YCTPOMCTB pa3zpaboTke mpubOPOB U
YCTPOUCTB HAaHODJIEKTPOHUKU YCTPOUCTB
HAHOXJIEKTPOHUKH Pa3IM4HOIOo HAHO3JIEKTPOHUKH
Pa3IM4HOIOo (GYHKIIMOHATBHOTO Pa3IM4HOIOo
(GYHKIIMOHATBHOTO Ha3HA4EeHUs, C (GYHKIIMOHATBHOTO
HA3HAYEHUS; HCII0JIb30BaHUEM Ha3HA4YEHUs, C
TUIIOBBIX METOMK; HCII0JIb30BaHUEM
TUIIOBBIX METOJMK;
VIOBIETBOPUTENBH | o (OCHOBHELIE TEXHUKO- ® II0JIE30BATHCS ® METOJMKON MOMCKa
0 (TIOPOTOBBIN YKOHOMHUYECKIE CIIPABOYHOU U CIIPABOYHOU U
YPOBEHb) [I0KA3aTelIn. a TAKXKe METOANYECKON METOAMYECKON
IIEPEYEHb CIPABOYHON U | JINTEPATYpOU s JUTEPaTypor JUIst
METOIUYECKOI IIPOBEJICHUS Pacue€TOB IIPOBEJICHUS PacueToB
JUTEPaTypbl UX OLEHKU TEXHUKO-KOHOMUYECKUX | TEXHUKO-IKOHOMUYECKUX
pu pa3paboTke roKaszaresien npu roKaszaresiel npu
OCHOBHBIX MPHUOOPOB U pa3paboTKe OCHOBHBIX pa3paboTKe OCHOBHBIX
YCTPOUCTB pruOOPOB U YCTPOUCTB puOOpPOB U YCTPOUCTB
HAHODXJIEKTPOHUKH; HAHODXJIEKTPOHUKH; HAHODXJIEKTPOHUKH;

3 TunoBbie KOHTPOJIbHbIE 3aJaAHUA
Jlyisg peanu3anuy BbILICTIEPEUUCIICHHBIX 3a7ad 00y4yeHHUs! MCIOIb3YIOTCS TUIIOBBIE KOHTPOJIbHbBIE
3aJlaHusl WIK MHbIE MaTepHalibl, HEOOXOAUMBIE Ul OLICHKU 3HAHWM, YMEHHI, HaBBIKOB W (MJIM) OIbITA
NEeSITEeIbHOCTH, XapaKTePU3YIOIIMX JTarbl (OPMUPOBAHHUS KOMIIETEHLUH B TIPOLIECCE OCBOEHUS
o0pa3oBaTeabHON IPOrPaMMBI, B CIIEIYIOIIEM COCTaBE.

3.1 TeMbl HHAUBUAYAJIBHBIX 32JaHUH

— DBeinonHeHwe JOMAlHUX HMHAMBHUIYalIbHBIX 3aJaHuil Ha Temy: «Pacuer ycTpoHCTB
HAHOXJIEKTPOHUKM». [lOJHBIA CHOUCOK BapuWaHTOB, a TaKXKe TEKCT 3aJaHuil MpHUBEIEeH B y4eOHO-
MeToaudeckoM nocobuu (1.5) 3amanus no Bapuantam: 1. Bapuant Ne 1. Cetoauonsl Oenoro cera. 2.
Bapuant Ne2. Cseronuonsl udpakpactoro crekrpa. 3. Bapuant Ne3 CBeroamosl cuHero crekrpa. 4.
Bapuant Ne4 Cseronnons! ynsrpaduoseroBoro crnekrpa. 5. Bapuant Ne5S CeTono/1bl )KEITOTO CIEKTpA.
6. Bapuant Ne6 Cetoauons! 3eneHoro criekrpa. 7. Bapuant Ne7 CBeroanoasl OpaHKeBOTO CIIEKTpa. 8.
Bapuant Ne§ Ceronuonsl puoneroBoro cunekrpa. 9. Bapuant Ne9 Cetoaunonas! kpacHoro cnekrpa. 10.
Bapuant Nel10 UK — ¢oTtonpreMHUKN Ha MHOTOCIIOMHBIX T€TEPOCTPYKTYpaX.

3.2 TeMbl KOHTPOJBHBIX padoT

— Tema xonTpoJbHOH padorbl Ne 2: KanTtoBble 3()(ekThl. YcTpolcTBa HaHOZIEKTPOHUKU
(Pa3nensr 4-5 paboueit nporpammsl). [Ipumep KonrponbHoro 3aganus:

— BapuantNel

— 1. Haiitm BeposATHOCTH mpoxoxkaeHus D u orpaxenus R s anekrpoHa ¢ sHepruent 2,3 3B,
MaJAI0IIEro Ha MOTCHIIMAIBHYIO CTeHKY BhIcOTOM 2,0 3B. DddexTuBHYIO Maccy mpuHITH paBHOUM Macce
3JIEKTPOHA B COCTOSIHUU MOKOSL.

— 2. Haiitu BeposiTHOCTh npoxoxkaeHuss D u orpaxenust R ans snexkTpoHa ¢ sHeprueit 3 3B,
npoxojsuiero yepes 6aprep BoicoTol 3,33B u mpotskeHHOCTRIO 4 HM. D((dEeKTHBHYIO Maccy IPUHSATh
paBHOI Macce ANEKTPOHA B COCTOSIHUU TIOKOSL.

— 3. Ompenenuts JUIMHY BOJIHBI, P KOTOPOM OyZIeT MaKCUMyM ONTHYECKOTO TMOIVIOUICHUS s
cBepxpeweTku Ha ocHoBe AlAs/GaAs/AlAs. Eciu TomnmyHa KBaHTOBBIX SIM COCTaBJISIET 5 HM, OapbepoB
15 HMm.

CornacoBaHa Ha noptane Ne 1781 18



— 4. Onpenenuth MakCUMaIbHYI0 €MKOCTh JIJIsl TYHHEJIBHOTO Iepexojia Mpu KOTOPO BO3MOXKEH
a¢ ekt ogHOo3IeKTpoHHOTO TyHHenupoBanus s T=300 Ku T=1 K

— Ilpumepsl 3a1au 1151 KOHTPOJIBHON pabOThl MPUBEEHBI B y4EOHO-METOAUYECKOM HocoOuu (II.
2.5 - n.2.12). BapuaHTbhl KOHTPOJIbHOM PabOThI MPUBEIECHBI B yueOHO-METOAMUYECKOM mnocodun (1. 3).
Y4eOHO-MeToIMYecKoe TOco0Me coaep)KaT BapuUaHThl 3aJaHUM  JUIsl  KOHTPOJIBHBIX paboT H
MHIUBUAYAJIbHBIX 3aaHui. [ caMOCTOATEIBHOrO HM3Y4EHHUsI PEKOMEHIYETCs CIIMCOK JINTepaTypbl U
MIPUBOJISATCS CIPAaBOYHbIE MaTepUaIbl.

— Tema koHTpoJILHOI padorbl Ne 1: dusmyeckue OCHOBBI HaHOZIEKTpoHUku (Pazmen 2
paboueit mporpammel). [Ipumep KonrponbHoro 3ananus:

— Bapuanr Nel

— 1. Onpenenuts anuny BosiHbI Jle bpoiins mist anekTpona ¢ sueprueii 2 5B.

— 2. Ilpoton oOmagaer kuHetnuyeckol sHepruedt T = 1 x3B. OnpenenuTs AONOIHUTENBHYIO
sHepruro OT, KoTOopyro HEO0OXOAMMO €My COOOIUTH MJis TOTO, YTOOBI JjWHA BOMH A e bpoiins
YMEHbIINJIAch B TPU pasa.

— 3. Nmeerca JII'C Ha ocHoBe AlAs/AlxGal-xAs/AlAs. TommuHa KBAaHTOBOW SIMBI COCTAaBIISICT
4,5 uM. Ompenenutb MakCUMaJbHbIM X NpPU KOTOPOM B KBAHTOBOM siMe OyleT OAMH 3HEPreTUYECKUi
ypoBeHb. CripaBOuHbIE JaHHBIE U MaTEpUaIOB B3ATb U3 CIPAaBOYHUKA. D((PEKTUBHBIE MACChl CUMTATh
MIOCTOSIHHBIMU U IPUPABHATH K CPETHUM 3HAYECHUAM

— 4. Umeerca AI'C Ha ocHoBe AlAs/InAs/AlAs. Onpenenutb MUHUMAJIbHYIO M MaKCUMAJIbHYIO
TOJIIMHY KBaHTOBOM siMbl. CipaBOUHbIE JaHHbBIE JJIsl MAaT€PHAJIOB B3SITh U3 CIPABOUHHUKA.

— Ilpumeps! 3a1ay 115 KOHTPOJIBHON pabOThl MPHUBEEHBI B y4€OHO-METOAUYECKOM HocoOuu (II.
2.1-2.4). BapuaHTbl KOHTPOJIBHOU pabOThI MPUBEIEHBI B y4eOHO-METOANYECKOM nocoouu (11.3). YueOHo-
METOJIMYECKOE T0COOHE CO/Aep)KaT BapuUaHThl 3aJlaHUM JJii KOHTPOJBHBIX padOT M HMHIMBUIYaTbHBIX
3ajaHuil. Jl1s caMOCTOATENbHOrO M3Yy4eHHs] PEKOMEHAYETCsl CIHUCOK JIMTEeparypbl W MPUBOAATCS
CIPaBOYHbIE MaTE€PHAIIbI.

3.3 Dk3amMeHallIOHHbIE BONPOCHI

— Bounna [e bpoiins. KBantoBoe orpanmuenue. KantoBeie mieHku. 2. Bomna [le bpoins.
KBanToBoe orpanndenue. Ksanroseie Touku. 3. Bonna [le bpoiinsa. KBantoBoe orpannuenue. KBantoBbie
mwHypel. 4. TerepocTpykrypbl. OHepretudeckas muarpamma JI['C. OcHoBHble TpeOoOBaHWUS,
NpEIbsIBISIEMble K T€TePOCTPYKTypaM. MeTo/lbl M3rOTOBIEHUS Te€TepPOCTPYKTYp. 5. CBEpXpeuieTKu.
DHEpPreTUYeCKue JTuarpaMMbl  CBEpPXpEmIeTOK. MmuHH30HBL. 6. CBEpXpemeTKd. DHEPreTUYeCKue
auarpamMmsel cBepxperieTok. CBOICTBO 3JIEKTPOHOB B CBepXpelleTkax. 7. baminctudyeckuit TpaHCIOPT.
KBant comnporuBnenus. Ksant mnpoBoaumoctu. 8. CrocoObl (opMUpOBaHHS KBAaHTOBOPAa3MEPHBIX
cTpykTyp. DopmupoBaHuMEe KBAaHTOBBIX TO4YeK. 9. CnocoObl (QopMHpOBaHUS KBAaHTOBOPA3MEPHBIX
cTpykTyp. ®opmupoBaHue KBaHTOBBIX IpoBoJIOK. 10. CriocoObl (hopMUpOBaHHS KBaHTOBOPA3MEPHBIX
cTpykryp. POpMHpOBaHHE KBAaHTOBBIX IUICHOK. 11. JIByMEpHBIN 3IIEKTPOHHBIM a3 B MAarHUTHOM IIOJIE.
VYposuu Jlanaay. 12. llenouucnennsiii u npo6Hsbii a3pdext Xomra. 13. Dpdext Lrapka. Dpdext HlTapka
B FETEPOCTPYKTypax C KBAHTOBbIMH siMaMH. 14. TynuenbHblll 3dext. KordduuueHnt npospaunoctu
Oapbepa. Pezonancubiii TyHHENbHBIM 3 dext. 15. Dddexr Jxozedcona. IlpakTudeckoe npuMeHeHue
apdexra JI303edcona. 16. KymonoBckass Omokama. KymoHoBckast Onokaga C OJHMM TYHHEJIHHBIM
nepexogoM. 17. KymonoBckas Onmokana. KyinoHoBckass Onokajga ¢ JIByMs TYHHEJIbHBIMU IE€pEXOAaMHU
onuHakoBoil mpo3payHoctu. 18. KynonoBckas 6mokana. KynoHoBckas Onokazna ¢ AByMsI TYHHEJIbHBIMU
nepexojaMu paziuuHoil mpospaddHoct. 19. CorynHenmupoBanme. [ne nHabmomaercs. [lpuuwmnbr. 20.
Pe3onancHo TyHHenbHbINH Auoa. Koncrpykuusa. DHeprerudeckas nuarpamma. [lpunnun pa6otel. BAX.
21. Pe3onaHcHO TyHHenbHBIM TpaH3uctop. Koncrpykums. IIpunuun pabGotel. BAX. 22.
OnHoanekTpoHHbI  TpaH3uctop. KoHcTpykius. OHepretuueckas auarpamma. [IpunHinun paGoTsl.
[lepenarounbie u BbIXOAHBIE xapakTepucTuku. 23. HEMT Ttpansucropel. Koncrpykumun pHEMT
Tpan3uctopoB. [lpuHuun pabotsl. IlepenaTounbie M BbIXOJHBIE XapaKTepUCTHKHU. [Ipumenenue. 24.
HEMT rtpansucropsl. Koncrpykiuu mHEMT TpansuctopoB. [lpuniun pa6otel. [lepenatounsie u
BBIXOJIHbIE XapakTrepucTuku. [Ipumenenue. 25. Csetoauoas! u yazepsl Ha ocHoBe I'C. KoncTpykuus.
OHnepreruueckast auarpamMma. [lpunnun pabotel. OcHOBHBIE XapakTepucTUku. Ilpumenenue. 26.
Ceeronuonel u naszepsl Ha ocHoBe JII'C u kBaHTOBBIX Touek. KoncTpykiuu. [IpuHiun paGoTsl.
HocrounctBa u Henoctarku. 27. KBaHTOBble KackaaHble Jazepbl. KoHCTpyKius. DHepreTuueckas
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nuarpamma. [Ipunnun pa6otsl. [Ipumenenue. 28. MK-poronpuemuuku. Konctpykius. DHepreTuueckast
muarpamma. [lpunnun  paGotel.  Ilpumenenue. 29. Onrtuueckue Moxynaropsl. KoHcTpykuus.
OHeprerudeckast auarpamma. I[lpunuun paGotsl.  I[lpumenenue. 30. JlaBunHbIE  (POTOAMOABI.
Koncrpykuus. Duepreruueckas quarpamma. [Ipunnun padotsl. [Ipumenenue.

3.4 Tembl 1200paTOPHBIX padoT
Monenuposanue xapakrepuctuk HEMT - Tpansucropa
UccnenoBanne cetoanonoB Ha ocHoBe JII'C
Hccnenosanne xapakrepuctuk HEMT - tpansucropa
TyHHenbHbIN 2P PexT

4 MeToanyecKue MaTepHaJibl
Jliia obGecniedeHus: npoiiecca oOydeHHUs] U peuieHHsl 3ajad OOyuyeHHUsl UCHOJb3YIOTCS CIIEAYIOLUe
MaTepHabl:
— METOJMYECKUE MAaTepHallbl, ONIPEHCISAIONME IPOLEAYPbl OLEHUBAHWS 3HAHWM, YMEHUH,
HaBBIKOB M (WMJIM) ONBITA JESATEIbHOCTH, XapaKTEpU3YIOIIMX ATanbl (HOP-MUPOBAHUS KOMIIETEHIUH,
comacHo 1. 12 paboyeil mporpammsl.

4.1. OcHoBHasi JuTEparypa

1. bopucenko B. E. Hanosnekrponuka: yue6Hoe nocodue st By30B / B. E. bopucenko, A. U.
Bopo6beBa, E. A. YTkuna. - M. : BUHOM. Jlaboparopus 3uanuit, 2012. - 224 ¢. - ISBN 978-5-94774-
914-4 (nanuuue B 6ubanorexe TYCVYP - 81 3k3.)

2. Tposu ILE. Hanosnexkrponuka: ydeOHoe mnocobme / ILE. Tposn, 0.B. Caxapos. -
MunuctepctBo oOpazoBanuss u Hayku Poccuiickori ®Denepanmu, [ocymapcTBeHHass KOpIOpaIus
"Poccuiickas koprnopauusi HaHOTexHoyorui", TOMCKHII TOCyIapCTBEHHBIM YHUBEPCUTET CHCTEM
ynpasieHus u paauouiekTrpoHuku. — Tomck: TYCVYP, 2010. — 88 ¢ (nanuuue B 6ubnuorexke TYCVYP - 15
9K3.)

4.2. lonosHUTEIbHASI JIUTEPaTypa

1. Yamneirun FO.A. HanorexHonoruu B snekrponuke: Monorpadus / H. Y. Boprapar [u z[p]
pen. 0. A. Yamnsirud ; MOCKOBCKHMI TOCYIapCTBEHHBIH HMHCTUTYT JIEKTPOHHOM TeXHUKU. - M. :
Texnocdepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nasninuue B Oubnuoreke TYCVYP - 20 3k3.)

2. Jparynos B.Il. OcHOBBI HaHOREKTPOHUKH: yueOHOe nocobue s By30B / B. I1. [IparyHos,
. I'. Henssectubil, B. A. I'puauus. - M. : ®@usmarknura ; M. : Jloroc ; M. : YHuBepcHuTeTCKasl KHUTA,
2006. - 494 c. - ISBN 5-98704-054-X. - ISBN 5-89155-149- 7 (Hanmuyue B 6I/I6J'II/IOTGI<€ TYCVYP - 32 5k3.)

3. HanorexHonmoruu B MOJIYIPOBOJHUKOBOM »snekTpoHuke: KoinexktuBHas MoHorpadpus /
Poccuiickas Axagemust Hayk, Cubupckoe otaenenue, MHCTUTYT (GU3UKM MOIYNPOBOTHUKOB; ped. A.JL
AceeB. — HoBocubupck: M3marensctBo CO PAH, 2004. — 367 [1] ¢ (nanuuue B 6ubmmoreke TYCVYP - 10
9K3.)

4. Dnexrponuka: YuebHoe mocobue mis By30B / A.A. lllyka; pen. A.C. Curos. — CII6.: BXB-
[TeTepOypr, 2006. — 799 ¢ (nanuuue B Oubnuoreke TYCVYP - 3 3k3.)

4.3. YueOHO-MeTOIMYecKoe M0co0Hue U MPOrpaMMHoOe odecreyeHue

1. 1. Tposn ILE. HaHnosnexkrpoHuka: Y4yeOHO-METOIMYECKOE MOCOOHE IO aylIuTOPHBIM
MIPaKTUYECKUM 3aHATUSAM U camocrostenbHoil padote / [LLE. Tposn, }0.B. Caxapos. u3n-so Tomckuii
TOCYIapCTBEHHBIN YHUBEPCUTET CUCTEM YIPABICHUS U paguodNieKTpoHukH, 2015. — 31 ¢ — [3neKkTpoHHBII
pecypc]. — [DnexTpoHHbIH pecypc]. [DnexrponHbIi pecypc]. -
http://miel.tusur.ru/index.php?option=com_content&view=article&id=238

2. Tposu I1.E. Hanosnekrponuka: Y4eOHO-MeTOAUUYECKOE MTOCOOME 10 1abopatopHbIM paboTam
/ TLLE. Tposn, }0.B. CaxapoB. — Tomck: U3n-Bo ToMcK. roc. yH-Ta CUCTEM YIIp. U PaJHOIIEKTPOHUKH,
2010. — 52 c. — [anekTpoHHBIM pecypc]. [DnekTpoHHbI pecypc] [DnexkTpoHHbI pecypc]. -
http://miel.tusur.ru/index.php?option=com_content&view=article&id=238

4.4. ba3pl 1aHHBIX, HHPOPMALIMOHHO CIIPABOYHbIE U MOMCKOBbIE CHCTEMBI
1. Hano Haitxect" - MHTEPHET-)KYypHAII, IO CBSIILICHHBIN HAHOTEXHOJIOTUS
http://nanodigest.ru/stati/issledovaniia-i-razrabotki/nanoelektronika-dostizheniia-i-perspektivy
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