MUHUCTEPCTBO OBPA3OBAHUSA U HAYKHU PO
®enepanbHOE rocyIapcTBEHHOE 0I0IKeTHOE 00pa30BaTeIbHOE YUpesKAeHHe BhICIIero 00pa3oBaHus

«TOMCKMI TOCYJAPCTBEHHbI YHUBEPCUTET CUCTEM
YITPABJIEHUA U PAIIMOSJIEKTPOHUKI»

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

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: 4

Cemectp: 7

VY4eOnnii man Habopa 2016 roga

Pacnipenenenne pabouero BpeMeHu

Ne Bunel yueGHOM nestenbHOCTH 7 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 12 12 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

Dk3ameH: 7 ceMecTp

Tomck 2016
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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
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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 qucHuminHaM 6a3oBoi yactu Oj10ka 1 (b1.5.20).

[IpemmecTByromuMy  TUCHUIUIMHAMHA, (QOPMHUPYIONIUMU  HadajdbHbIE 3HAHUS, SIBISIOTCA
CIIEYIONINE NUCIHUILUIMHBL: KOMITbIOTEpHOE MOJETUPOBAHUE M MPOCKTHPOBAHHME MPHUOOPOB KBAHTOBOU
ANIEKTPOHUKH, (U3UKAa KOHIACHCUPOBAHHOTO COCTOSIHUS, TBEPAOTEIbHAS JJICKTPOHHKA, MaTepUabl
AJIEKTPOHHOW TEXHUKH, TBEPAOTEIBHBIC TPUOOPHI H YCTPOMCTBA

[Tocnenyomumy AUCUUILUIMHAMYA SIBJIIFOTCSA: KBAHTOBas W ONTHYECKAsl JEKTPOHHMKA, KBAHTOBBIE
puOOPHI U yCTPOICTBA.

3. TpeOoBaHus K pe3yJibTaTaM 0CBOCHHS AMCLHMIIINHBI

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

— IIK-2 cnocoGHOCTbIO apryMEHTHPOBAaHHO BbIOMpATh W PEANIM30BbIBATh HA IPAKTHKE
3¢ (GEKTUBHYIO METOAUKY SKCIIEPUMEHTAIBHOIO UCCIIEJOBAHMS [TapaMETPOB U XapaKTEPUCTHK MPUOOpPOB,
CXEM, YCTPOMCTB M YCTAaHOBOK OJJIEKTPOHHUKH U HAHOIEKTPOHUKU PaA3IUYHOIO (PYHKIMOHAIBHOTO
Ha3HA4YECHUs,

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

— OIIK-2 cnocoGHOCTHIO BBISABISATH €CTECTBEHHOHAYUHYIO CYIIHOCTh IIPOOJEM, BOSHUKAIOIIUX
B Xo7e Npo(eCcCUOHALHON AEATEeIbHOCTH, NMPHUBIEKATh Ul MX PEIICHHUS COOTBETCTBYIOLIUN (PU3HKO-
MaTeMaTU4YeCKHN arapar;

B pesynbprare n3ydeHus: JUCUMIUIMHBI CTYIEHT JOJDKEH:

—  3HATh METOJIbl 3KCIIEPUMEHTAIILHOTO UCCIIE0OBAHUS TAPAMETPOB U XapaKTEPUCTUK MPUOOPOB
HAHOXJIEKTPOHUKH  Pa3IMYHOrO (YHKIMOHAJIBHOTO HA3HAYEHHWS; METOJUKY pacyeTa TEeXHHKO-
SKOHOMHMYECKHX IOKa3zaTesleld INpu pa3paboTke MPUOOPOB M YCTPONCTB HAHOXIEKTPOHUKH; (HH3UKO-
MaTeMaTH4ecKuil armapar Ajsl pacyera mpruOOpoB M YCTPOHCTB HAHORIIEKTPOHUKH;

—  YMeTb IIPOBOJIUTH UCCIIEOBAHHUE TAPAMETPOB U XapaKTEPUCTUK MPUOOPOB HAHOIIEKTPOHUKHU
pa3aMYHOrO  (PYHKIMOHAJIBHOTO HA3HAYEHUS; IPOBOJUTH TEXHMKO-3KOHOMUYECKOE€ OOOCHOBAaHHE
IIPOEKTOB IPH pa3paboTKe MPUOOPOB U YCTPONCTB HAHOIIEKTPOHUKHU; TPOBOAUTH (PU3HKO-MaTeMaTHICCKH
pacuer npuOOPOB U YCTPOMCTB HAHODICKTPOHUKH;

— BJajeTb METOJUKOM MpOBENEHUs HCCIENIOBAaHUI NapaMeTpoB U XapaKTEPUCTUK MPUOOpPOB
HAHOXJIEKTPOHUKH Pa3IMYHOTO (YHKUIHMOHAIBHOIO HAa3HAYCHHs; METOJUKONW TpPOBEIEHUS TEXHHUKO-
SKOHOMHYECKOE O0OOCHOBAaHHE IPOEKTOB IIpU pa3paboTke NMPUOOPOB U YCTPONCTB HAHOIIEKTPOHUKHU;
METOJIKOH pacdeTra MpruOOPOB M YCTPOHCTB HAHOAIEKTPOHUKHY;

4. O6beM TUCHMILIMHBI U BUABI Yu4eOHO# padoThl
OO6mast Tpy10E€MKOCTh TUCIMILIAHBI COCTABISET 4 3a4ETHBIX €AMHUITBI M TIPEJICTABIICHA B TAOIHUIIE

4.1.
Tabnuua 4.1 — TpynoeMKOCTb TUCIHUIUIUHBI
Ne Bupl yue6HOM ASITEIBHOCTH 7 cemecTp Bcero Emmauner
Jlekuuun 20 20 4acoB
2 [IpakTnyeckue 3aHATUS 18 18 4acoB
JlaGopartopHsbie 3aHATHS 16 16 4acoB
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4 Bcero aynutopHbIX 3aHATUI 54 54 4acoB
5 W3 HUX B MHTEpaKTUBHOU Qopme 46 46 4acoB
6 CamocTtosaTenpHas paboTa 54 54 4acoB
7 Bcero (6e3 sx3amena) 108 108 4acoB
8 [ToaroroBka u crada sK3ameHa 36 36 4acoB
9 OO6mast TpPy10e€MKOCTh 144 144 4acoB
4 4 3.E
5. ConeprxaHue QM CHUNITHHBI
5.1. Pa3geJibl JMCHUIIMHBI M BU/bI 3AHATHI
Paznensr quctuIuiMHbL M BUJIBI 3aHATUNA TPUBEIACHBI B TabmuIe S.1.
Tabnuua 5.1 — Pa3nens! AMCUMIIIIMHBL U BUABI 3aHATUI
[Ipakr Bcero
Camoc
nyecku | Jlabopa yacoB | Dopmupyemsl
Jlekuun TOSATEN
Ne HasBanus pasnenoB AUCIUIUIMHBI " € TOPHBIC HAS (6e3 €
3aHSITH | paObOTHI 9K3aMe | KOMIIETCHITHH
paborta
s Ha)
Brenenue 0 0 2 4 [1K-4
2 | ®u3MYECKUue OCHOBBI HAHOAIEKTPOHUKHU 4 6 0 10 20 [TK-2; OIIK-
2, [IK-4
3 | Cnoco0sl hopMHUpOBaHHS KBAHTOBO- 4 0 0 4 8 [TK-2; OIIK-
pa3MEpHBIX HAHOCTPYKTYP 2, [1IK-4
4 | KBanrtoBbie 3G (HeKThI 4 6 4 14 28 ITK-2; OIIK-
2, [IK-4
5 | YerpoiicTBa HAHOBIEKTPOHUKH 6 6 12 24 48 ITK-2; OIIK-
2, [IK-4
Hroro 20 18 16 54 108
5.2. Conep:xkanue pa3aeioB JUCHUILIHHBI (110 JEKIIUAM)
Coneprxkanue pa3aenoB TUCHUILIMH (TI0 JICKIUSM ) IPUBEACHO B Ta0OmwuIe 5.2.
Tabnuua 5.2 - Cogepxanue pa3aenoB AUCUUILINH (10 JIEKLIHSIM)
dopmupye

No HasBanus pasznenos

ConeprxaHue pa3aesioB IACIUILTAHBI
110 JICKIIUSIM

Tpynoe MBbIE
MKOCTh
(4ac.) |KOMIIETEHI]

[TonynpoBOIHHKOBBIE
HaHOTETEPOCTYKTYPhl. DHEPTETUUECKHE
JTUarpaMMbl HAHOTETPOCTPYKTYP.

uu
7 cemecTp
1 |BBenenue [IpenMer TUCHUIIIIMHBI U €€ 3a7a4u. 2 OIIK-2
OcHOBHBIE ATAIbl HCTOPUYECKOTO
pa3BUTHUS HAHOIIEKTPOHUKHU U
HAaHOTEXHOJIOTUH. CBs3b C APYrUMU
JTUCIUTIIMHAMU. 3a/1a49H Kypca.
2 | dusnyecKue OCHOBBI Bonnsr /le bpoinsa. KBantosoe 4 [1K-2;
HAaHODJIEKTPOHUKU orpannyeHue. KBaHTOBO-pa3MepHbIe OIlIK-2,
00BEKTHI U UX KIIaCCU(PUKALUS. [1K-4
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TpeboBanus, NpeabsBIsEMbIE K
HAHOTETEePOCTPYKTYypam. J[BoliHbIE
rerepocTpykTypsl (AI'C).
Ceepxpemierku. [lonynpoBoiHUKOBBIE
cBepxpeleTku. Buasl cBepxpenierox.
DHepreTu4ecKue 1uarpaMMbl
CcBepXpemeToK. MUHU3O0HBI.
DHepreTU4ecKuil CeKTp AEKTPOHOB B
cBepxpernieTkax. CBolcTBa
AJIEKTPOHHOTIO T'a3a B CBEpXpEIIeTKAX.
Bnusinue kBaHTOBOpa3MepHbBIX

3¢ (}exToB Ha CBOMCTBA BEIIECTRA.
bannmucruyeckuii TpaHCIOPT.

3 | Cnoco6bl popMupoBaHUs KBaHTOBO-
pa3sMEpPHBIX HAHOCTPYKTYP

OO61ue npuHIHUITB POPMHUPOBAHUS
KBAaHTOBO-Pa3MEPHbBIX CTPYKTYP.
Onurakcusa. PopMHpOBaHHE KBAHTOBO-
pa3MepHbBIX CTPYKTYpP METOJOM
MOJIEKYJIIPHO-TTY4E€BOM SMUTAKCUU
(MJID). ®opmupoBaHie KBAaHTOBO-
pa3MepHbBIX CTPYKTYpP METOJIOM
XUMHUYECKOTO OCaXACHUSI U3 ra30BOM
(a3bl METAIIIOOPraHUYECKUX
coenuHenuit (MOCVD).
dopMHUpPOBaHUE KBAHTOBBIX SIM.
®opMHUpOBaHUE KBAHTOBBIX ITPOBOJIOK
(HUTEl) TEOMETPUUECKUM U
AJIEKTPOHHBIM CITOCOOOM.
dopMHUpoOBaHUE KBAHTOBBIX TOYEK.
MexaHnu3m mnpouecca
caMOOpraHu3aluy npu GOpMHUPOBAHUU
KBaHTOBBIX To4eK. Pazmep u popma
OCTpPOBKOB. BepTukanbHble MacCUBBI
KBAHTOBBIX TOYEK.

TIK-2;
OITK-2,
TIK-4

4 | KsanroBbie 3(hexTbl

2D-311eKTPOHHBIN ra3 B MAarHUTHOM
nosie. Llenounciennslii u 1poOHbIN
KBaHTOBBIN 3 ekt Xomna. ekt
AaponoBa-boma. D¢ dexr [lrapka.
KBanToBo-pazmepnsriii a3 dexr Lltapka
B F€TEPOHAHOCTPYKTYypax ¢
KBaHTOBBIMU sIMaMH. TyHHEIbHBIN
addext. Dpdext Jxo3zedcona.
Kynonosckast 0nokana. Kynonosckas
070Kazia ¢ OJJHUM TYHHEJIbHBIM
nepexoaoM. Kynonosckas 610kana c
JBYMSI TYHHEJIBHBIMH MTEPEXOJaAMH.
CoTyHHENnMpOBaHUE.

TK-2;
OITK-2,
TIK-4

5 | YeTpoiicTBa HAHOAIEKTPOHUKH

[Tpubopsl Ha pe30HAHCHOM
TyHHEIUpOBaHuU. (1ol Ha
PE30HAHCHOM TYHHEIMPOBAHUHU.
TpaH3ucTOpHI HA PE30HAHCHOM
TyHHEIUpoBaHuu. Jlornyeckue
3JIEMEHTHI Ha PE30HAHCHO-TYHHEIbHBIX
npudopax. [Ipubops! Ha

TK-2;
OITK-2,
TIK-4
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OJIHODJICKTPOHHOM TYHHEJIMPOBAHUH.
OmHOXIEKTPOHHBIN TPAH3UCTOP.
OnHOZIEKTPOHHBIN HACOC.
OnHo3NIEKTpOHHAS TaMATh. YCTpPOWCTBa
Ha OCHOBE CBEPXPEILETOK.
WNudpakpacHbie GpOTONPUEMHUKH.
CBepXxpelIeTKH B JIa3epHbIX
cTpykTypax. KBaHTOBBIE KacKkaHbIE
nasepsl. JIaBuHHBIE (POTOIUOIBI.
OnTuyeckre MOAYISTOPHI.
TpaH3uCTOPBI C BBICOKOM
noasuxHOCTEIO HEMT. O630p
MIPOrPaMMHBIX CPEJCTB AJIs
MOJIETMPOBaHUs IPUOOPOB U
YCTPOMCTB HAHOAJIEKTPOHUKHU.

Utoro 20

5.3. Pa3zneJibl AUCHMILIMHBI M MEKIUCUUILINHAPHBIE CBSA3H ¢ 00eCIeYUBAIOIIMMH (MPeIbITyIIUMH)
U o0ecrieynBaeMbIMU (MOCJIETYIONIUMH) THCHUIVIMHAMHA
Paznenbl quctumiIvHbl 1 MEXIUCIMIUIMHAPHBIE CBA3U C 00ECIEYMBAIOMIUMHE (TIPEIBIAYIIUMHU) U
obecreunBaeMbIMH (IT0CIEAYIONMMHI ) TUCITUTIIIMHAME TIPEICTABIICHBI B Ta0uie 5.3.
Tabnuna 5.3 - Paznensl JUCIUTIIIMHBI U MEKIUCIUATIIMHAPHBIC CBSI3U

No pa3znenoB 1aHHON AMCUUIUIMHBL, 11 KOTOPBIX
HEOOX0AMMO U3yYeHHE 00eCIIEUNBAIOIINX U
o0ecreunBaeMbIX JUCIIUITINH

1 2 3 4 5

[IpenmecTByromme qUCUUILTMHBL

Ne HanmeHnoBaHMe TUCITUILINH

1 | KommnbroTepHOE MOAEIMPOBAHNE U
MIPOEKTUPOBaHKUE MTPUOOPOB KBAHTOBOU U + +
ONTHYECKOU IEKTPOHUKHU

2 | ®usnka KOHAEHCUPOBAHHOTO COCTOSIHUSA + + +

3 | TBepaorenbHas IMEKTPOHHUKA + + +

4 | TBepnorenbHbie MPUOOPHI U YCTPOHCTBA + + + +

5 |Marepuansl 21€KTPOHHOW TEXHUKU + + + +
[Tocnenyromre AMCUUTUIAHBI

2 |KBaHTOBAas U ONTHUYECKAs IEKTPOHHKA + + +

KBAHTOBBIE IPUOOPHI U YCTPONCTBA

5.4. CooTBeTCcTBHE KOMIIETeHIHIi, popMHUpYyeMbIX NPH M3YyYEHUH JUCHUIIMHBI, U BUAOB 3aHATHI
CootBercTBUE KOMMETEHLUH, (POPMUPYEMBIX MPH W3YYEHUU IUCHUIUIMHBI, U BUIOB 3aHATHUI
IpeJCcTaBIeHo B Tabmnuie 5.4

Tabmuuma 5. 4 — CooTBeTCTBHE KOMIIETEHLUMH M BHJIOB 3aHATUH, (OPMHUPYEMBIX IpU H3y4EHUH
JTMCIUTUIAHBI
Bungl 3apsatuit
Komnerennu - a6
aKTHYECKUE abopaTopHbIe
n Jlexuun P patop CamocrosTenpHas pabora
3aHATHUS 3aHATHUS
[1K-2 + + +
ITK-4 + + +
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OIIK-2 + + + +

6. UnTepakTUBHBbIE MeTOAbI M (POPMBbI OPraHU3ANNHU 00yYeHHS
TexHOJIOruM HMHTEpPAKTHUBHOIO OOy4deHUs NpU pa3HbIX (opMmax 3aHATHI B yacax IpHUBEICHBI B
Tabnuie 6.1
Tabnuua 6.1 — TexHOIOTruM UHTEPAKTUBHOTO 00y4eHUs IPU pa3HbIX popMax 3aHITHUH B acax

NHTtepakr
NHTepakTruBHBIE WNHTepakTuBHBIE
Metoabt WBHBIC Bcero
MIPaKTUYECKUE 3aHATHS | J1abOpaTOpHbIE 3aHATHUS
JEKUUU
BeIcTymuienne cryneHra B 2 2
poJin 00y4aroIIeTo
[Ipe3enranuu ¢ 2 2
HCII0JIb30BaHUEM
BUJICO(UIBMOB C
00CcyXIeHneM
HccnenoBarenbckuil 2 2
METOJ
Pemenne cutyanimOHHBIX 2 2
3ajau
Mo3srosoii mTypm 2
Pa6ora B komanje
Hroro 6 4 2 12
7. JIabopaTopHbIi NPAKTUKYM
Coneprxanue 1a00paTopHbIX padbOT NpUBEAEHO B Tadmuie 7.1.
Tabnuua 7. 1 — Coneprxanue 1a00paTopHBIX padboOT
dopmupye
Tpynoe MBbIE
No HazBanus pasnenos Coneprxanne 1ab0paTOpHBIX pabOT | MKOCTH
(4ac.) |KOMIIETEHI]
17071
7 cemecTp
1 |KBanrtoBbie 3¢ (eKThl TyHHenbHbIN 2P PexT 4 [1K-2;
OIlIK-2,
I1K-4
2 | YeTpoicCTBa HAHOAIEKTPOHUKH Hccnenosanne xapakrepuctuk HEMT - 4 [1K-2;
TpaH3HCTOpa OIIK-2,
I1K-4
3 | YcrpoiicTBa HAHORIEKTPOHUKH Hccnenoanmne cBETOAMOI0B HA OCHOBE 4 [1K-2;
JArC OIlIK-2,
I1K-4
4 | YerpoiicTBa HAHOANEKTPOHUKH MonenupoBaHue XapaKTEpUCTHK 4 [1K-2;
HEMT - Tpan3ucropa OIlIK-2,
I1K-4
Uroro 16
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8. IlpakTHUyeckune 3aHATHS
Coneprxkanne MpakTUYECKUX padboT MpuBeaeHo B Tabmuie 8. 1.
Tab6nuna 8. 1 — ConmeprkaHue MpakTUIECKUX padoT

dopmupye
Tpynoe MBbIE

Ne HasBanus paznenos ConepxaHue NPaKTUYECKUX 3aHATUN | MKOCTh
(4ac.) |KOMIIETEHI]
U

7 cemecTp

1 | ®usnyeckue 0OCHOBBI Bonnsr /le bpoinsa. KBantosoe 6 [1K-2;
HAaHODJIEKTPOHUKU orpannyenue. [lomynpoBogHUKOBBIE OIlIK-2,
HAHOTETEPOCTYKTYphl. DHEPreTUYECKUe [1K-4
JUarpaMMbl HAHOTE€TPOCTPYKTYD.
TpeboBanus, NpeabsBIsEMbIE K
HaHOTeTEPOCTPYyKTypam. J[BoiHbIE
rerepocTpykTypsl (AI'C).
[TomynpOBOTHUKOBBIE CBEPXPEIIETKH.
DHepreTu4ecKue 1uarpaMMbl
cBepxpeneTok. bamucTunueckuii
TPaHCIIOPT.

2 |KBanTtoBbI€ 3 (HEKTHI 2D-31eKTPOHHBIN I'a3 B MArHUTHOM 6 [1K-2;
noste. Llemouncnenusiii 1 1poOHBIN OIIK-2,
KBaHTOBBIN 3 ekt Xomna. ekt [1K-4
[IIrapka. KBaHTOBO-pa3smMepHbIi
addexr lTapka B
reTepOHAHOCTPYKTYpax ¢ KBAHTOBBIMU
smamu. TyHHENbHBINA dDPEKT.
Pe3onaHCHO-TyHHENbHBIN AP HEKT.
Dddexr xozedcona. KymoHoBckas
onmokana. KynmonoBckas Oiokasa ¢
OJIHUM TYHHEJIbHBIM I1EPEX00M.
Kynonosckast Onokaja ¢ 1Byms
TYHHEJIbHBIMU NE€PEXOAAMH.

3 | YcrpoiicTBa HAHORIEKTPOHUKH Jlnoapl Ha pe30HAHCHOM 6 [1K-2;
TyHHEIUpoBaHUU. OJTHOAIEKTPOHHBIH OIlIK-2,
TpaH3ucrtop. MudpakpacHsie [1K-4
¢doronpuemHuku. KBaHtoBbIe
KacKa/IHbI€ Ja3ephl. JIaBuHHbBIE
¢doronnopl. OnTHYeCKUue MOIYIATOPHI.
TpaH3uCTOPBI C BBICOKOM
noxasmxkaocteio HEMT.

HUtoro 18

9. CamocrosiTeibHas padoTa
Bunel camoctosiTenbHON paboThl, TPYIOEMKOCTh U (pOpMUpYEMble KOMIETEHIIMH IPEACTABIEHBI B
tabnuue 9.1.
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Tabnuua 9.1 - Buasl camocTosiTennbHOM paboThl, TPYI0EMKOCTh U (POPMHUpPYEMbIE KOMIIETEHLIUN

Tpyo dopmupy
Bunbl caMoCTOATENBHON | EMKOC CMBIE
Ne HasBanus paznenos @OpMBI KOHTPOJIS
padote! ™™ kommeren
(dac.) -
7 cemecTp
1 | KBanTOBBIE 3PPEKTHI [TogroroBka k 6 |IK-2; Otuer no
[IPAKTUYECKUM 3aHATUSIM, OIIK-2, |uHAMBUAYaTBHOMY
CeMHUHapaM [1K-4 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
2 ®dusznyecKrue 0CHOBBI IloaroroBka x 6 |1IK-2; OrtueT 1o
HaHODJIEKTPOHUKU [IPAKTUYECKUM 3aHATUSIM, OIIK-2, |uHAMBUAYATBHOMY
CeMHUHapaM [1K-4 3anannto, KoHTposbHas
pabora, Dxk3amMeH
3 | YerpoiicTtBa [ToaroroBka k 6 |IIK-2; Brinosninenue u 3anura
HaHOIEKTPOHUKHU MIPAKTUYECKUM 3aHIATHUAM, OIIK-2, |nabGopaTopHbIX padoT,
CEMHHAapaM [1K-4 Konrponbhas padora,
DKk3ameH
4 | BBenenue [IpopaboTka 2 |IIK-4 Otuer no
JIEKLIIMOHHOTO MaTepuaa UHIUBUAYAJILHOMY
3ananuto, KoHTponbHas
pabora, Dxk3amMeH
5 | KBanTtoBbie 3¢ HeKTs [IpopaboTka 4 |TIK-2; Otyer mo
JIEKIIMOHHOI'0 Marepuaia OIIK-2, |uHAMBUAYAIBHOMY
[1K-4 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
6 | YcrpoiictBa [IpopaboTka 6 |IIK-2; Otyer mo
HaHODJIEKTPOHUKU JIEKIIMOHHOI'0 Marepuaia OIIK-2, |uHAMBUAYaIBHOMY
[1K-4 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
7 | CrocoOst [TpopaboTka 4 |TIK-2; Otyer mo
(dbopMUpOBaHUS JIEKIIMOHHOI'0 Marepuaia OIIK-2, |uHAMBUAYATBHOMY
KBaHTOBO-Pa3MEPHBIX [1K-4 3ananuto, KoHTponbHas
HaHOCTPYKTYP pabora, Dxk3amMeH
8 | DuU3nYECKHE OCHOBBI [TpopaboTka 4 |TIK-2; Otyer mo
HaHODJIEKTPOHUKU JIEKIIMOHHOI'0 Marepuaa OIIK-2, |uHAMBUAYATBHOMY
[1K-4 3ananuto, KoHTponbHas
pabora, Dxk3amMeH
9 | YerpoiicTtBa OdopmiieHre 0TYETOB 11O 4 |TIK-2; Otyer mo
HaHOJIEKTPOHUKHU nmabopaTtopHbIM paboTam OIIK-2, |uHAMBUAYAIBHOMY
I[1IK-4 3aJaHnio, BeImtonHenne n
3aIuTa J1abopaToOPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH
10 | YerpoiicTBa OdopmiieHre 0TYETOB 11O 4 |TIK-2; Otyer mo
HaHOJIEKTPOHHUKHU nmabopaTtopHbIM paboTam OIIK-2, |uHAMBUAYATBHOMY
[1IK-4 3aJaHuIo, BeITIomHeHne n
3aIuTa J1abopaToOPHbIX
pabot, KonTponbHas
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11. PeiiTuHroBasi cucrema JJjisi OlleHKH yCIIeBAeMOCTH CTYIEHTOB

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

pabora, Dxk3amMeH
11 | YerpoiictBa OdopmieHre 0T4ETOB 10 4 |TIK-2; Otuer no
HaHOJIEKTPOHUKHU nmabopaTtopHbIM paboTam OIIK-2, |uHAMBUAYATBHOMY
I11K-4 3aJaHuio, BeITlonHenne n
3aIuTa JIabopaToOPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH
12 | KBanTOBBIE Y3PPEKTHI OdopmieHue 0T4ETOB 110 4 |TIK-2; Otuer no
nabopaTopHbIM paboTam OIIK-2, |uHAMBUIYaTLHOMY
I11K-4 3aJaHnio, BeITloHeHne n
3aIuTa J1abopaToPHbIX
pabot, KonTponbHas
pabora, Dxk3amMeH
Bcero (6e3 sk3amena) 54
13 |IloaroroBka K SK3aMeHY 36 DKk3ameH
Utoro 90
10. KypcoBas padora
He npenycmorpeno PYII

. . MakcuManbHbII
. MaxkcuManbHbBIH MaxkcuManbHbII
DJeMeHThl y4eOHOM OaJi 3a mepuon Bcero 3a
6amn Ha 1-yto KT ¢ | 6ayn 3a nepuon
JETETbHOCTH Mexay 2KT u Ha cemMecTp
Havana ceMectpa | Mexay 1KT u 2KT
KOHEIl ceMecTpa
7 cemecTp
Konrponbnas padora 10 10 10 30
Otyer mo 5 5 10 20
WH/IUBHTyaIbHOMY
3aJIaHUIO0
Beinonnenue u 3anura 5 15 20
ab0paTOPHBIX 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 32 KOHTPOJIbHbBIE TOUKH
baynel Ha 1aTy KOHTPOJIBHON TOUKH Onenka
> 90% OoT MakcuMaJIbHOW CyMMBI 0autoB Ha naty KT 5
Ot 70% 1o 89% ot makcumanbHOU cymMbl OaisioB Ha naty KT 4
Ot 60% 10 69% ot makcumanbHOU cymMbl OaiioB Ha naty KT 3
< 60% oT MakcuManbHOM cyMMbl OaiioB Ha aary KT 2
10
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11.3. IlepecyeT cyMMBbI 6AJ1JIOB B TPAAMIHUOHHYIO M MEKIYHAPOIAHYIO OLIEHKY
Ilepecuer cymmbl OalsIOB B TPAJULMOHHYIO M MEXIYHAPOAHYIO OLIEHKY IPEACTaBIEH B TaOiuue
11.3.
Tabnuua 11. 3 — [lepecueT cymmbl 0aJIJI0B B TPAAULIMOHHYIO U MEXKIYHAPOAHYIO OLICHKY

Hrorosas cymma 6aiios,

Onenka (I'OC) YYHUTBIBAECT YCIEUIHO CAAHHBIN Onenka (ECTS)

IK3aMEH

5 (oTM4HO) (3a4TEHO) 90 - 100 A (0TIIMYHO)
85 -89 B (ouens xoporo)

4 (xopo110) (3a4TeHO) 75 - 84 C (xopor110)
70-74 D (ynoBneTBOpUTENIBHO)
65 - 69

3 (YyHOBJIETBOPUTEIHHO) (3aYTEHO) 60 - 64 E (nocpercraentio)
2 (seynoBeTBOpHTEHHO) (HE Hwmxe 60 6amios F (meynoBneTBopuTEIHHO)

3a4TEHO)

12. YueOHO-MeTOAMYECKOE U HH(POPMALIMOHHOE o0ecTiedeHne T CUUTITUHbI

12.1. OcHoBHas JuTEparypa

1. bopucenko B. E. Hanosnekrponuka: yue6Hoe nocodue st By30B / B. E. bopucenko, A. U.
Bopo6neBa, 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 mnocobue / ILE. Tposn, 0.B. Caxapos. -
MunuctepctBo oOpazoBanuss u Hayku Poccuiickorr ®Denepanmu, [ocymapcTBeHHass KOpHOpaIus
"Poccuiickas koprnopauusi HaHOTexHosorui", TOMCKHII TOCyIapCTBEHHBIM YHUBEPCUTET CHCTEM
ynpasieHus u paauouiekTrpoHuku. — Tomck: TYCVYP, 2010. — 88 ¢ (nanuuue B 6ubnuorexke TYCVYP - 15
9K3.)

12.2. JlonoiHUTEIbHAA JIUTEPATYPaA

1. Yamneirun F0.A. Hanorexnosnoruu B anekrponuke: Monorpadus / H. U. Boprapar [u ap.] ;
pen. 0. A. Yamnsirud ; MOCKOBCKHMI TOCYIapCTBEHHBIH HMHCTUTYT JIEKTPOHHOM TeXHHKH. - M. :
Texnocdepa, 2005. - 446 c. - ISBN 5-94836-059-8 (nasninuue B Oubnuoreke TYCVYP - 20 3k3.)

2. JparynoB B.I1. OcHoBbI HaHOREKTPOHUKH: yueOHOE mocobue st By3oB / B. I1. JlparyHos,
N. T. HeusBectnsiil, 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 MOJYNIPOBOJHUKOBOM snekTpoHuke: KosnexktuBHas MoHorpadus /
Poccuiickas Axagemust Hayk, Cubupckoe otaenenue, MHCTUTYT (HU3UKH MOITYNPOBOIHUKOB; ped. A.JL
AceeB. — HoBocubupck: M3marensctBo CO PAH, 2004. — 367 [1] ¢ (nanuuue B 6ubmmoreke TYCVYP - 10
9K3.)

4. Dnexrponuka: YuebHoe mocobme mius By30B / A.A. lllyka; pen. A.C. Curos. — CI16.: BXB-
[TeTepOypr, 2006. — 799 ¢ (nanuune B Oubnuoreke TYCVYP - 3 3k3.)

12.3. Y4yeOHO-MeTOIUYECKOE TOCOOHEe U POTrPaAaMMHOE oOecneyeHue

1. Tposn ILE. HanoanekTpoHuka: VYuyeOHO-METOAWYECKOE MOCOOME 1O  ayIuTOPHBIM
MIPaKTUYECKUM 3aHATUSM U camocrostenbHoil padote / [LLE. TposH, }0.B. Caxapos. u3n-so Tomckuii
TOCYIapCTBEHHBIN YHUBEPCUTET CUCTEM YIIPABICHUS U paguodNeKTpoHukH, 2015. — 20 ¢ — [3neKTpoHHBII
pecypc]. — [DnexTpoHHbIH pecypc]. [DnexrponnbIit 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. Tposin, }FO.B. CaxapoB. — Tomck: U3n-Bo TomcK. roc. yH-Ta CHUCTEM YIp. U PaguO3IEKTPOHUKH,
2010. — 52 c. — [anexTpoHHBIM pecypc]. [DOnekTpoHHBI pecypc] [DnexkTpoHHbI pecypc]. -
http://miel.tusur.ru/index.php?option=com_content&view=article&id=238
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12.4. Ba3bl JaHHBIX, THGOPMAIHOHHO CIIPABOYHbIE U TOMCKOBbIE CHCTEMbI
1. Hano Haitxect" - WHTEPHET-)KYypHAII, IO CBSIILICHHBIN HAHOTEXHOJIOT UL
http://nanodigest.ru/stati/issledovaniia-i-razrabotki/nanoelektronika-dostizheniia-i-perspektivy

13. MarepuajibHO-TeXHHYECKOe o0ecredeHue TUCUUIITUHbI

B cBs13u ¢ 00sbIIMM KOJIMYECTBOM I'pauyecKoro MaTeprasia U PUCYHKOB 110 JaHHOW TUCILUIUIMHE
JICKOIMOHHBIC 3aHATHA CICAYCT IPOBOJUTH C IMPUMCHCHHUEM ITPOCKTOPAa M KOMIIBKOTCPA U obecrieunBaTh
CIIyIIaTeNIel pa3aTOYHBIM MaTepuanoM. [IpakTuueckue 3aHATHS CIEAYeT MPOBOJIUTH B KOMITBIOTEPHOM
KJIacce C MCIIOJIb30BAaHUEM MAaTEMAaTHIECKOTO TTaKeTa.

JlaGoparopHbie pabOTBI TPOBOJATCS IO TPATUIIMOHHONW METOAMKE B CIHEIUATH3UPOBAHHON
nabopatopHoit aynutopuu kad. ®D. Jlomyck K BHITIOJHEHHIO JT1a0OPATOPHBIX padOT CTYACHT MOJTy4YaeT
MOCJIE TIOTYYSHHSI COOTBETCTBYIOIIETO HHCTPYKTAXKA TI0 TEXHUKE O€30MaCHOCTH.

14. ®oHJ OLIEHOYHBIX CPEICTB
@DOH/T OLIEHOUHBIX CPEACTB MPUBEACH B MPUIOKEHUH 1.

15. MeToaguueckne peKOMEHIAIMHU 110 OPTaHU3AIUH U3yYeHH s TUCHHIIHHBI
KoncriektupoBanue CTyaeHTaMu JICKIIMOHHOTO Marepuana oOs3arensHo.  O0s3aTeIbHBIM
YCIIOBHEM JOIYCKa K dK3aMEeHY SIBJISCTCS BBINIOJHEHWE M 3alllTa BCEX J1A0OPATOPHBIX 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 PAIIMOSJIEKTPOHUKI»

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

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

VYpoBeHb 0CHOBHOM 00Opa3oBareabHON Iporpammel: bakanaspuar

Hanpasnenue noaroroBku (cneunanbHOCTh): 11.03.04 J1eKTPpOHUKA M HAHOIIEKTPOHUKA
[Ipoduns: KBanTOBast U onTHYeCKAs 3JIeKTPOHUKA

dopma 00yueHUs: OUHAA

@axynpreT: @IT, DakyJabTeT IEKTPOHHON TEXHUKH

Kadenpa: 11, Kadenpa 3j1eKTpoHHBIX IPUOOPOB

Kypc: 4

Cemectp: 7

VY4eOnsiii man Habopa 2016 roga

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

Dk3ameH: 7 ceMecTp

Tomck 2016
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1. Beenenue

®onp oueHounsix cpeacts (POC) sBisgercs NpUIOKEHUEM K pabodeil nmporpaMme JUCHUILINHbI
(IpakTUKK) U MpencTaBIsieT cOO00N COBOKYIMHOCTh KOHTPOJIbHO-U3MEPUTEIbHBIX MaTepuaioB (TUIIOBbIE
3a1a4u (3a7aHus1), KOHTPOJIbHBIE PAaOOTHI, TECTHI U JIP.) ¥ METOJIOB UX MCIIOJIb30BAHUS, IPEAHA3HAYCHHBIX
JUIS U3MEPEHUS YPOBHS IOCTHKEHHUS CTYJIEHTOM YCTaHOBJIEHHBIX PE3YJIbTaTOB 00yUEHUSI.

®OC mno aucuuiMHe (MPAaKTUKE) HUCHOJIb3YyeTCS IMpU TMPOBEIEHUU TEKYIIEro KOHTPOJISL
YCIIEBAEMOCTH U IPOMEXKYTOUHOM aTTeCTalluu CTYICHTOB.

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

Kon PopMynMpOBKa KOMIIETEHIINN Oranbl OopMUPOBAHHS KOMIIETEHIIUN
[IK-2 CIOCOOHOCTHIO ApIr'yMEHTHUPOBAHHO BbIOUPATh U | Jl0JI7KeH 3HATh: METO/IbI
peanu30BbIBATh Ha MPAKTUKE dPPEKTUBHYIO AKCIEPUMEHTAJIBLHOTO UCCIIEIOBAHUS
METOJIUKY SKCIEPUMEHTAIILHOTO UCCIEIOBaHUS |[1apaMeTPOB U XapaKTEPUCTUK NpHUOOpoB
[apaMeTpoB U XapaKTEPUCTUK MPUOOPOB, CXEM, | HAHOIEKTPOHUKH PA3IUYHOTO
YCTPOMCTB ¥ YCTAHOBOK JIEKTPOHUKU U (YHKIMOHAJIBHOTO Ha3HAYEHHUS; METOJUKY
HAHOXJIEKTPOHUKH Pa3IUYHOTO pacueTa TEXHUKO-IKOHOMHUYECKHX
(YHKITMOHAJTLHOTO HA3HAYCHUS ToKazarteliel mpu pa3paboTke MpuoOpPoB U
[1K-4 CHOCOOHOCTHIO MMPOBOJUTH NPEIBAPUTENBHOE YCTPOHCTB HAHOSJICKTPOHHIKH, pusuio-
MaTeMaTU4YCCKUM arrapar Ijid pacdyera
TEXHUKO-?KOHOMHYECKOE 000CHOBaHHE .
MpUOOPOB M YCTPOMCTB HAHODICKTPOHHKH;
MIPOEKTOB
JloJ12KeH yMeThb: IPOBOJUTH UCCIIEJOBAHHE
OIIK-2  |croCOOGHOCTBIO BBISBIATH apaMeTpoB U XapaKTepUCTUK IPUOOPOB

€CTECTBEHHOHAYYHYIO CYLIHOCTb IIPO0OIIeM,
BO3HUKAIOIIUX B XOJI€ MPOPECCUOHATIBLHOM
NeSITeNIbHOCTH, MIPUBJIEKATh I UX PELICHUS
COOTBETCTBYIOUINI (PU3NKO-MaTeMaTHYECKUI

HAHODJIEKTPOHUKHU Pa3IMIHOTO
(YHKIIMOHATILHOTO HA3HAYCHUS;
IMPOBOANUTH TCXHUKO-3KOHOMHNYCCKOC
000CHOBaHME MMPOEKTOB IIPH pa3zpaboTKe

anmapar

MPUOOPOB U YCTPONCTB HAHOIIEKTPOHUKH;
MPOBOINTH (PH3UKO-MATEMaTHUECKHH pacueT
MpHOOPOB M YCTPOMCTB HAHOAICKTPOHHKH;
JloskeH BJIaaeTh: METOIUKOM
MIPOBEICHHS UCCIICIOBAHUI TTApaMETPOB U
XapaKTepUCTUK MPUOOPOB
HaHOJICKTPOHHUKHU PA3TUIHOTO
(YHKIIMOHATILHOTO HA3HAYCHUS;
METOJMKOMN MTPOBEICHUS TEXHUKO-
SKOHOMHUYECKOE 000CHOBAHHE MPOEKTOB
pu pa3zpaboTKe MPUOOPOB U YCTPOICTB
HaHODJICKTPOHHUKH; METOANKON pacuera
MpHOOPOB M YCTPOMCTB HAHOAICKTPOHHKH;

OOmre xapaKTepUCTUKHU TOKa3aTeNieil U KPUTEPUEB OICHWBAaHUS KOMIIETCHIIMH Ha BCEX dTarax
IIpUBE/IEHBI B Tabnuue 2.
Tabnuua 2 — O61re XapakTepuCTUKU NOKa3aTesel U KpUTEpUEB OLIEHUBAaHUs KOMIIETEHIIUH 110 3Tanam

Tloka3arenu u
KpUTepuu

3HaThb

VYmMmeTn Bnazers

OtnuyHo (Beicokuii | OGnagaer pakTuuecKuMu
YpOBEHbB)

U TEOPETUICCKUMU
S3HaHUSAMM B IPCACIax
n3ydaeMoi o0acTu ¢
IMOHUMAaHHEM I'paHMI]
MIPUMCHUMOCTHU

OO6nagaer AMana3oHOM
MIPAKTUYECKUX YMEHUH,
TpeOyeMbIX Ul pa3BUTHUS
TBOPYECKUX PELICHUN,
abcTparupoBaHUs
npooaem

KonTpomupyet padory,
MIPOBOJIUT OIICHKY,
COBEPILICHCTBYET ICUCTBUSA
paboThI

Xoportio (6a30BbIi
YpOBEHbB)

3Haet (paKThl, MPUHIUIIBL,
MIPOIIECCHI, OOIINE

OO6nagaer Auana3oHOM
MIPAKTUYECKUX YMEHUH,

beper oTBETCTBEHHOCTH 32
3aBEpUICHUE 3a/1a4 B
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IMOHATHUA B IPEALCIax
u3ydaeMoii obnactu

TpeOyeMBbIX JUIsl peIICHUS
ONpeAeNeHHBIX MPoOJIeM B
001acTH UCCIIEI0BAHUS

HCCIICIOBAHHH,
MIPUCIIOCA0INBAET CBOE
IIOBEJACHHUEC K
00CTOATENHCTBAM B
pelieHuu npoodiem

VnosnersopurensH | OOnagaer 6a30BbIMU Ob6nanaer 0OCHOBHBIMU PaGoraer npu npsimom
0 (oporoBbIf OOLIMMU 3HAHUSIMU YMEHUSIMH, TPeOyeMbIMU | HAOIOIEHUN
YpOBEHbB) JUIsl BBITIOJTHEHUS IIPOCTBIX
3ajaq
2 Peasmm3anust KOMIeTeHIUI
2.1 Komnerenuus ITK-2
[IK-2: cnocoGHOCTBbIO apryMEHTHPOBAHHO BbIOMpaTh M  pEajM30BbIBATH Ha IMPAKTUKE

3G (GEKTUBHYIO METOAUKY SKCIIEPUMEHTAIBHOTO UCCIIEOBAHMS [TAPAMETPOB U XapaKTEPUCTUK pUOOpOB,
CXEM, YCTPOMCTB M YCTAaHOBOK OJJIEKTPOHUKH W HAHOZIEKTPOHUKU PA3IUYHOTO (PYHKIIMOHAIBHOTO

Ha3Ha4YCHUA.

i popMHpoBaHUS KOMIETEHIIMHA HEOOXOJMMO OCYHIECTBUTD Psijl 3TanoB. DTanbl (GOPMUPOBAHUS
KOMIIETEHILIUH, IPUMEHSEMBbIE JUIsl 3TOTO0 BUJAbl 3aHATUH W HUCHOJb3yeMbl€ CpEACTBA OLEHUBAHUS
MpeACTaBICHBI B TabmuIE 3.
OPMUPOBaHUSI KOMIIETEHIIUH U UCIOJIb3YEMbIE CPEICTBA OLICHUBAHUS

Tabmuma 3 — Drarnsl

rapameTpoB U
XapaKTepUCTUK MPUOOPOB
HAHOXJIEKTPOHUKH
Pas3IUYHOrOo
(YHKIIMOHATBHOTO
HA3HAYEHUS;

HAHO3JIEKTPOHUKH
Pas3IUYHOIOo
(GYHKIIMOHATBHOTO
HA3HAYEHUS;

Cocrasn 3HaThb YMeThb Bnangers
Conepxxanue METOIBI MIPOBOJIMTH UCCIICIOBAHUE | METOIMKOM TPOBEICHUS
3TaIlIOB BKCHCpI/IMCHTaHBHOFO HapaMCTpOB H I/ICCJ'IC)IOBaHI/Iﬁ

HUCCIIETOBAHUS XapaKTEPUCTUK MPUOOPOB | TapaMeTPOB H

XapaKTepUCTUK MPUOOPOB
HAHO3JIEKTPOHUKH
Pas3IUYHOrOo
(GYHKIIMOHATBHOTO
HA3HAYEHUS;

Bunrl 3ausatuit

e llHTEepakTUBHBIE
IIPAKTUYECKUE 3aHATHS;
e llHTEepakTUBHBIE
JIEKLUU;

e [IpakTnueckue
3aHSATHUS;

o Jleknnu;

e CamocTosTenbHas
pabora;

e [loaroroBka k
JK3aMEHY;

e llHTEpakTUBHBIE
MIPaKTHYECKHUE 3aHATHS;
e llHTEpakTUBHBIE
Jab0paTOpHBIE 3aHATHS;
e llHTEpakTUBHBIE
JIEKLUU;

e [IpakTnueckue
3aHSATHUS;

e JlaGopaTtopHble
3aHSATHUS;

o Jleknnu;

e CamocTrosTenbHas
pabora;

e [loaroroBka k
9K3aMEHY;

e llHTEepakTUBHBIE
MIPaKTUYECKHUE 3aHATHS;
e llHTEepakTUBHBIE
Jab0paTOpHBIE 3aHATHS;
e JlaGopaTtopHble
3aHSTHUS;

e CamocTrosTenbHas
pabora;

Hcnosnb3yembie
cpeacTBa
OIICHUBAHUS

e KoHrposbHas pabora;
e Otyer no
WHIUBUAYATEHOMY
3aJIaHUIO;

e DK3aMEH;

e KoHcIekT nmo

e KoHrposbHas pabora;
e BrinonHenue u
3aIuTa J1abopaTOPHbIX
pabor;

e Ortuer no
WH/IUBHTyaIbHOMY

e BrmosiHeHMEe 1
3aIuTa J1abopaTOPHbIX
pabor;

e Otyer 1o
WHIMBUIYAJIbBHOMY
3aJIaHUIO;
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CaMOCTOSITENIbHOM paboTe

3aJIaHHIO;
e DK3aMEH;
e KomHcrekr no

CaMOCTOSITENIbHOM paboTe

e DK3aMEH;
e KoHcnekr o
CaMOCTOSITENIbHOM paboTe

@opMyIMpOBKa IIOKA3aTeled W KPUTEPUEB OLICHUBAHUSA JAHHOM KOMIIETCHLIMM IIpUBEICHA B

Tabimue 4.
Tabnwuma 4 — [Toka3arenu ¥ KpUTEPUH OICHUBAHUS KOMIICTCHIIMH Ha dTaIax

Cocras 3HaTh VYMeTs Bmaners
OTan4HO e [IpoBoauThH

(BBICOKUI YPOBEHD)

® COBpPEMEHHOE
COCTOSIHUE U TEHICHIINH
pa3BUTHUA
HAHODXJIEKTPOHUKH U
W3MEPUTEIIBHON TEXHUKH,
HCMOJIb3yEMOM I
JKCIIEPUMEHTAIBHOTO
HCCIIEI0BAHMS
rapamMeTpoB U
XapaKTePUCTUK
puOopoB
HaHOJIEKTPOHUKHU
Pa3INYHOIO
(GYHKIIMOHATBHOTO
Ha3HayeHud. /[nama3oH u
(U3UYECKUN CMBICTT

UCCIIEIOBAHUS
rapameTpoB 1
XapaKTepUCTUK
npuOopoB
HAHOXJIEKTPOHUKH
Pa3IM4HOIOo
(GYHKIIMOHATBHOTO
Ha3HA4YEHUS C
HCII0JIb30BaHUEM
COBPEMEHHOTO
U3MEPUTENILHOTO
000pyIOBaHNS;
[IpoBONTE HACTPOMKY H
00paboTKy pe3yabTaToB
W3MEPEHMI;

® [PaKTUYECKUMU
HaBbIKaMU pabOThI HA
COBPEMEHHOM
U3MEPUTEIBHON
000pyI0BaHNH,
UCIIOJIb3YEMOM JJIst
UCCIIEIOBAHUS
apameTpoB U
XapaKTepUCTUK
puOopoB
HAHO3JIEKTPOHUKH
Pa3IM4HOIOo
(GYHKIIMOHATBHOTO
Ha3HadeHus. MeToukoin
HACTPOUKHU
U3MEPUTENILHOTO

HA3MEPSAEMBIX 0o0pyoBaHMsl, a TAKKe
MapaMeTpoB; METOMKON 00pabOTKH
pe3ylbTaToB
HCCIIEIOBAHUS;
Xopomwo (0a30BBI | e THIIOBYIO e IIpoBoauTh ® IIPAKTHYECCKHUMHU
YPOBEHB) H3MCPHUTCIBHYIO HCCICIOBaHUS HaBBIKAaMU PabOTHI Ha
TEXHUKY, UCIIOJIb3YEMYIO | I1apaMeTpoOB U THUIIOBOM M3MEPUTEIBHON
JUISL TS XapaKTEPUCTUK o0opynoBaHuy,
JKCIIEPUMEHTAIbHOIO puOopoB HCIIOJIB3YEMOM IS
HCCIIEIOBAHUA HAaHODJIEKTPOHUKU HCCIIEIOBAHUSA
[1apaMeTpoB U Pa3IM4YHOrO [1apaMeTpoB U
XapaKTEPUCTUK (GYHKIIMOHATBHOTO XapaKTEPUCTUK
puOopoB Ha3HAYECHUs C puOopoB
HAaHODJIEKTPOHUKU HCII0JIb30BAHUEM HAaHODJIEKTPOHUKU
Pa3IM4YHOrO TUIIOBOT'O Pa3IM4YHOrO
(YHKIIMOHATBHOTO MU3MEPUTEIIBHOTO (GYHKIIMOHATBHOTO
Ha3HAYCHUS, o0opynoBaHus; Ha3HAYCHUS,
VIOBIETBOPUTEIILH | ® MepedeHb TUIIOBOTO ® MPOBOJUTH IPOCThIC ® HaBbIKaMHM IIOMCKA U
0 (OPOroBbI’ M3MCPUTCIILHOTO M3MEPCHUS IIapaMeTpOB HMCIIOJIb30BaHHUS
YPOBEHB) o0opynoBaHus OCHOBHBIX ITPHOOPOB CIIPAaBOYHOM JINTEPATYPHI
HCII0JIB3yEMOTO IS HaHODJIEKTPOHUKY; JUISL CAMOCTOSITEIIBHON
JKCIIEPUMEHTAIIbHOIO paboThl Ha TUIIOBOM
HCCIIEIOBAHUA U3MEPUTEIIBHON
apameTpoB U o0opynoBaHuy,
XapaKTEPUCTUK HCIIOJIB3YEMOM IS
OCHOBHBIX ITPHOOPOB HCCIIEIOBAHUSA
HaHODJIEKTPOHUKY; [1apaMeTpoB U
XapaKTEPUCTUK
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OCHOBHBIX ITPHOOPOB
HAHODXJIEKTPOHUKH;

IIPOEKTOB.

2.2 Komnerenuus IK-4
[IK-4: crmocoOGHOCTBIO TPOBOAUTH TMPEABAPUTEIBHOEC TEXHHKO-IKOHOMUYECKOE O000CHOBaHUWE

g popMHpoBaHUS KOMIETEHIIMHA HEOOXOJMMO OCYHIECTBUTD Psijl 3TanoB. DTarnbl (GOPMUPOBAHUS
KOMIIETEHIIMH, IPUMEHSEMBbIE JUIsl 3TOrO0 BUABI 3aHATUNH W HUCHOJb3yeMbI€ CpEACTBA OLECHUBAHUS
MIPEICTaBICHBI B TaOIHIE 5.
OPMUPOBaHUSI KOMIIETEHIIMH U UCIOJIb3YEMbIE CPEICTBA OLICHUBAHUS

Tabmuma 5 — Drarnsl

IoKasaresen npu
pa3paboTke npubopoB U
YCTPOUCTB
HAHO3JIEKTPOHUKH

000CHOBaHUE MTPOEKTOB

pu pa3zpadboTke MPUOOPOB

U YyCTPONCTB
HaHOIEKTPOHUKHU

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

000CHOBaHUE MTPOEKTOB
pH pazpadboTke npudopo
U YyCTPONCTB
HAHODJIEKTPOHUKHU

B

Bunrl 3apsatuit

e llHTEepakTUBHBIE
IIPAKTUYECKUE 3aHATHS;
e llHTEepakTUBHBIE
JIEKLUU;

e [IpakTnueckue
3aHATHUS,

o Jleknmu;

e CamocTrosTenbHas
pabora;

e [loaroroBka k
JK3aMEHY;

e llHTEpakTUBHBIE
MIPaKTHYECKHUE 3aHATHS;
e llHTEpakTUBHBIE
JabopaTOpHBIE 3aHATHS;
e llHTEpakTUBHBIE
JIEKLUU;

e [IpakTnueckue
3aHSTHUS;

e JlaGopatopHbie
3aHSTHUS;

o Jleknmu;

e CamocTosTenbHas
pabora;

e [loaroroBka k
9K3aMEHY;

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

e CamocTrosTenbHas
pabora;

Hcnons3yemsle
cpencTBa
OLICHUBAHUS

e KoHrposbHas pabora;
e Otyer no
WHIUBUAYATEHOMY
3aJIaHUIO;

e DK3aMEH;

e KoHcIekr nmo

CaMOCTOSITENIbHOM paboTe

e KoHrposabHas pabora;
e BrimonHeHne u
3aIuTa J1abopaToOPHbIX
pabor;

e Otyer 1o
WHIUBUAYATEHOMY
3aJaHUIO;

e DK3aMEH;

e KoHcIekr nmo

CaMOCTOSITENIbHOM paboTe

e BrmosiHeHMEe 1
3aIuTa J1abopaToOPHbIX
pabor;

e Otyer no
WHIMBUIYAJIbHOMY
3aJIaHUIO;

e DK3aMEH;

e KoHCcIIeKT 110

CaMOCTOSITENIbHOM paboTe

@opMyIMpOBKa IIOKA3aTeled W KPUTEPUEB OLICHUBAHUSA JAHHOM KOMIIETCHLIMM IIPUBEICHA B

Tabimie 6.
Tabnuua 6 — [lokazarenu 1 KpUTEPUH OLIEHUBAHUS KOMIETEHLIMH Ha 3Tanax

Cocrasn 3HaThb YMeThb Bnangers
Ornr4HO ® COBpPEMEHHBIE ® I[IPOBOIUTEH pacyeT ® METOJMKOH

(BBICOKHI YPOBEHD)

METOJIMKH pacyeTa

TEXHUKO-3KOHOMHWYCCKUX

IoKasaresen npu
pa3paboTke npubopoB U

TEXHUKO-3KOHOMHWYCCKUX

IoKasaresen npu
pa3paboTke npubopoB U
YCTPOUCTB

MIPOBE/ICHHS pacyeTa

TEXHUKO-3KOHOMHWYCCKUX

IoKasaresen npu
pa3paboTke npubopoB U
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YCTPOUCTB
HAHO3JIEKTPOHUKH
Pas3IUYHOrOo
(GYHKIMOHATBHOTO
HA3HAYEHHUs, a TAKXKe
METOIUKU
JI0JITOBPEMEHHOIO
[IPOrHO3UPOBAHMUS;

HAHOXJIEKTPOHUKH
Pas3IUYHOIOo
(GYHKIIMOHATBHOTO
HA3HAYEHUs, C YIETOM
J0JITOBPEMEHHOTO
[IPOrHO3UPOBAHMUS;

YCTPOUCTB
HAHOXJIEKTPOHUKH
Pas3IUYHOIOo
(GYHKIIMOHATBHOTO
HA3HAYEHHUS, C YIETOM
J0JITOBPEMEHHOIO
IIPOrHO3UPOBAHMUS;

Xoportio (6a30BbIi

® THUIIOBBIC MCTOAMKHN

® [IPOBOJUTH PACUCT

® METOIUKOU

IIEPEYEHb CIPABOYHOU U
METOAMYECKON
JUTEPaTypbl UX OLEHKU
pu pazpaboTke
OCHOBHBIX TPUOOPOB U
YCTPOUCTB
HAHODXJIEKTPOHUKH;

YPOBEHB) pacyuera TCXHHUKO- TCXHUKO-DKOHOMHYCCKHUX | MPOBCACHMS pacucTa
SKOHOMHYECKHUX IoKasaresen npu TEXHUKO-2KOHOMHYECKUX
nokasaresel mpu pa3paboTke npubOpoB U | IMOKazaTesiel nmpu
pa3zpaboTke mpuOOPOB U | YCTPOMCTB pa3zpaboTke mprubOPOB U
YCTPOUCTB HAaHODJIEKTPOHUKU YCTPOUCTB
HaHOJIEKTPOHUKHU Pa3INYHOIO HaHOIEKTPOHUKHU
Pa3INYHOIO (GYHKIIMOHATBHOTO Pa3INYHOIO
(YHKIIMOHATBHOTO Ha3Ha4eHUs, C (GYHKIIMOHATBHOTO
Ha3HA4YCHUs; HCIIOJIB30BAaHUEM Ha3HA4YeHUs, C

TUIIOBBIX METOJMK; HCIIOJIb30BAaHNEM
TUIIOBBIX METO/MK;

VIOBIETBOPUTEIBH | ® OCHOBHBIC TEXHUKO- ® [10JIb30BAThCs ® METOJMKOM ITOMCKA

0 (TIOPOTOBBIN YKOHOMHUYECKIE CIIPABOYHOM U CIIPAaBOYHOU U

YPOBEHB) MOKa3aTeJM. a TaKkKe METOINIECKOMN METOINIECKOM

JUTEPaTypor JUIst
IIPOBEJICHUS PacueToOB
TEXHUKO-DKOHOMHYECKUX
IoKasaresen npu
pa3paboTKe OCHOBHBIX
pruOOPOB U YCTPOUCTB
HAHODJIEKTPOHUKH;

JUTEPaTypor JUIst
IIPOBEJICHHS PacueToB
TEXHUKO-DKOHOMHYECKUX
IoKasaresiei Ipu
pa3paboTKe OCHOBHBIX
puOOPOB U YCTPOUCTB
HAHODJIEKTPOHUKH;

2.3 Komnerenuus OIIK-2

OIIK-2: cnocoOHOCThIO BBISBIATH €CTECTBEHHOHAYYHYIO CYIIHOCTH IMPOOJieM, BO3HUKAIOUIUX B
xo/ie Mpo(eCCUOHANBHON AEITEIbHOCTH, NPUBJIEKATh A HUX PEIIeHUsS COOTBETCTBYIOIIMH (hu3HKo-
MaTreMaTU4eCKUi ammapar.

i popMHpoBaHUS KOMIETEHIIMHA HEOOX0JMMO OCYHIECTBUTD Psijl 3TanoB. DTarnbl (GOPMUPOBAHUS
KOMIIETEHLIUH, IPUMEHSEMBbIE JUIsl 3TOTO0 BUJAbl 3aHATUNW W HUCHOJb3yeMbI€ CpEACTBA OLECHUBAHUS
MIPEICTABICHBI B TaOIHIE 5.
Tabnuua 5 — Oranel popMUpOBaHUS KOMIIETEHLMHU U HCII0JIb3YEMbI€ CPEICTBA OLIEHUBAHUS

puOOpPOB U YCTPOUCTB
HAHOXJIEKTPOHUKH

Cocras 3HaTh VYmerts Bnanets
Copnepxxanue (Gu3UKO-MaTeMaTUYeCKU | IPOBOJUTH (PU3BUKO- METOMKOM pacuera
3TaroB anmapar Julsl pacuera MaTeMaTU4ecKui pacyer |IpubOpoB U YCTPOHCTB

puOOPOB U YCTPOUCTB
HAHOD3JIEKTPOHUKH

HAHO3JIEKTPOHUKH

Bunrl 3apsatuit

e llHTEepakTUBHBIE
IIPAKTUYECKUE 3aHATHS;
e llHTEepakTUBHBIE
JIEKIINH;

e [IpakTnueckue
3aHATHUSA;

o Jleknnu;

e CamocrosTenbHas

e llHTEpakTUBHBIE
IIPAKTUYECKUE 3aHATHS;
e llHTEpakTUBHBIE
JabopaTOpHBIE 3aHATHS;
e llHTEpakTUBHBIE
JIEKIINH;

e [IpakTnyeckue
3aHATHUSA;

e llHTEepakTUBHBIE
MIPaKTHYECKHUE 3aHATHS;
e llHTEepakTUBHBIE
JabopaTOpHBIE 3aHATHS;
e JlaGopatopHbie
3aHSTHUS;

e CamocTrosTenbHas
pabora;
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pabora;

e JlaGopatopHbie

e KoHcnekr 1o
CaMOCTOSITENIbHOM paboTe

e IloaroroBska K 3aHSTHS;
JK3aMEHY; o Jlexmnuy;
e CamocTrosTenbHas
pabora;
e [loaroroBka k
9K3aMEHY;
Hcnonb3yeMblie e KonrposnbHas pabora; | e KonrponbHas pabora; | e BrinonHenue u
cpencTna e Oruer 1o e BrimonHeHue u 3ammmuTa J1abopaTOPHBIX
OLCHMBAHUA MHJIWBUIYaJIbHOMY 3aIuTa JIabopaToOPHbIX pabor;
3aIaHHUIO; pabor; e Oryer o
e DK3aMEH,; e Ortuer 1o UHJMBUIYAJIBHOMY
e KoHcrekT 1o WHIUBUAYATEHOMY 3aJIaHUIO;
CaMOCTOSITEJIbHOM paboTe | 3aTaHMIO; e DK3aMeH;
e DK3aMeH; e KoHcmekr no

CaMOCTOSITENIbHOM paboTe

@opMyIMpOBKa IIOKA3aTeled W KPUTEPUEB OLICHUBAHUS JAHHOM KOMIIETCHLIMM IIPUBEICHA B

Tabimie 6.
Tabnuua 6 — [lokazaTenu U KpUTEPUH OLIEHUBAHUS KOMIIETEHIIMU Ha 3Tarax

Cocrasn 3HaThb YMeThb Bnangers
OTJ'II/ILIHO BBIBOJI OCHOBHBIX HpOBO)II/ITB BBIBOI (bl/ISI/IKO-MaTCMaTI/ILIeCKI/IM

(BBICOKHI YPOBEHD)

pacueTHbIX popMmyi,
HCIIOJIB3YEMBIX IJIA
pacdera mpuOOpPOB U
YCTPOUCTB
HAHOXJIEKTPOHUKH

OCHOBHBIX (hopmyn
MPUMEHSIEMbIX JUIS
pacdera mpuOOpPOB U
YCTPOUCTB
HAHO3JIEKTPOHUKH

armaparoM IJid pCuICHUuA
3a1a4 BO3HUKAKOIIINX B
x0/1€ Mpo(heCCHOHATTLHON
JESITEIILHOCTH.

Xoporto (6a30BbIi

OCHOBHBIC PACUCTHBIC

pemars 3a1a4u i

METOJIMKOM pacuera

TaKXe MepeueHb
CIIPABOYHOU U
METOINYECKOU
JUTEPATyphl C TpUMEpPaMH
pacdera mpuOOpPoOB U
YCTPOUCTB
HaHOJIEKTPOHHUKHU

JUTEpaTypy C IpUMEpaMu
pacdera mpuOOpPOB U
YCTPOUCTB
HAHOD3JIEKTPOHUKH

YpOBEHbB) (dbopMyIbl, UCTIOTB3YyEMBbIE | pacyeTa NpUOOPOB U pruOOPOB U YCTPOUCTB
JUId pacyeTa NpubOpoB U | yCTPOMCTB HAHOXJIEKTPOHUKH.
YCTPOMCTB HAHODJIEKTPOHUKHU.
HAHOXJIEKTPOHUKH

VYoBIETBOPUTENBH | OCHOBHBIE ITapaMeTPhbl peuiare npocTeie 3a1aun, |Bnageer meToaukoit

0 (MoporoBbIf puOOPOB U YCTPOUCTB HCIIOJIb3YS CIIPABOYHYIO U | pacyeTa mapamMeTpoB

YpOBEHb) HAHOXJIEKTPOHUKH, a METOIUYECKYIO reTepOCTPYKTYP, a TAKKe

METOJIMKOM MOUCKa
CIIPAaBOYHOU U
METOIMYECKOU
JIUTEPATYPHI C MPUMEPAMU
pacdera mpuOOpPOB U
YCTPOUCTB
HAHOXJIEKTPOHUKH.

3 TunoBble KOHTPOJIbHBIC 3a/IaHUHA

Jlyig peanu3anuy BbIILIETIEPEUUCIICHHBIX 3a7ad 00y4eHHUs! MCIONb3YIOTCS TUIIOBBIE KOHTPOJIbHbBIE
3aJlaHUsl WIK MHbIE MaTepHalibl, HEOOXOAUMBIE JUIsl OLICHKM 3HAHUM, yMEHUI, HaBBIKOB U (MJIM) OIbITA
NESITEeNIbHOCTH, XapaKTePU3YIOIIMX JdTarbl (OPMUPOBAHUS KOMIIETEHLUH B TIPOLIECCE OCBOEHUS
o0pa3oBaTeIbHON IPOrPaMMBbI, B CIIEIYIOIIEM COCTaBE.
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3.1 TeMbl HHAUBUAYAJIBHBIX 32JaHUH

— BeinonHenue JOMAlIHUX HMHAMBUIYAJIBHBIX 3aJaHUld  Ha TeMy: «Pacder ycTpolicTB
HAHOXJIEKTPOHUKM». [lOJHBIA CHOMCOK BapuWaHTOB, a TaKXKe TEKCT 3aJaHuil IpHUBEIeH B y4eOHO-
MeToaudeckoM nocobuu (1.5) 3amanus no Bapuantam: 1. Bapuant Ne 1. CBetoamnoas! Oenoro csera. 2.
Bapuant Ne2. Cseronnonsl undpakpacHoro crnekrpa. 3. Bapuant Ne3 Cperonnojipl CHHETO criekTpa. 4.
Bapuant Ne4 Cseronnons! ynsrpaduoseroBoro crnekrpa. 5. Bapuant Ne5S CeTono/ibl KeITOTO CIEKTpA.
6. BapuanTt Ne6 Cetoauossl 3eneHoro crnekrpa. 7. Bapuant Ne7 CBeroanoasl OpaHKeBOTO CIIEKTpa. 8.
Bapuant Ne§ Ceronuonsl puoneroBoro cnekrpa. 9. Bapuant Ne9 Cetoamonas! kpacHoro cnekrpa. 10.
Bapuant Nel10 UK — ¢oTtonpreMHUKN Ha MHOTOCIIOMHBIX T€TEPOCTPYKTYpaX.

3.2 TeMbl KOHTPOJIbHBIX PA00T

— Tema xonTpoJbHOH padorbl Ne 2: KBanToBble 3()(ekThl. YcTpolcTBa HaHOZIEKTPOHUKU
(Paznensr 4-5 paboueit mporpammsl). [Ipumep KonTponbHoro 3ananus:

— BapuantNel

— 1. Haiitm BeposATtHOCTH mpoxoxkaeHus D u orpaxenus R s anekTpoHa ¢ sHepruent 2,3 3B,
MAJAl0IIEro Ha MOTEHIMAIbHYIO CTEHKY BbicoTol 2,0 3B. DddexTuBHy0 Maccy NpUHATh paBHOW Macce
3JIEKTPOHA B COCTOSIHUU MOKOSL.

— 2. Hawtu BeposTHOCTh mpoxoxkaeHus D m orpakenust R st snexrtpona ¢ sHepruen 3 5B,
npoxoJsuiero yepes 6aprep BbicoTol 3,33B u mporskeHHOCThIO 4 HM. D(D(PEeKTUBHYIO MacCy HNPUHSTH
paBHOI Macce AMEKTPOHA B COCTOSIHUU TIOKOSL.

— 3. Ompenenuts JUIMHY BOJIHBI, IPU KOTOPOM OyIE€T MAaKCUMYyM ONTHYECKOTO IMOIVIOLICHUS IS
cBepxpewieTku Ha ocHoBe AlAs/GaAs/AlAs. Eciu TomnmmyHa KBaHTOBBIX SIM COCTaBJISIET 5 HM, OapbepoB
15 am.

— 4. Onpenenuth MaKCUMaIbHYI0 €MKOCTh JIJIsl TYHHEJIBHOTO Tepexo]a Mpu KOTOPO BO3MOXKEH
s ekt ogHOo3IeKTpoHHOTO TyHHenupoBanus 4t T=300 K u T=1 K

— Ilpumeps! 3a1ay 115 KOHTPOJIBHON pabOThl MPUBEIEHBI B y4EOHO-METOAUYECKOM ocoOuu (II.
2.5 - n.2.12). BapuaHTbhl KOHTPOJIbHOM PabOTHI MPUBEIEHBI B y4e€OHO-METOAMUYECKOM mnocobun (1. 3).
VY4eOHO-MeTOoIMYeCKOEe TOCOOME CcoAep)KaT BapUaHThl 3aJaHUl  JUIsl KOHTPOJIBHBIX paboT U
MHIUBUAYAJIbHBIX 3aaHui. [ caMOCTOATEIbHOrO M3Y4eHHUsI PEKOMEHIYETCs CIIMCOK JINTepaTypbl U
MIPUBOJATCS CIPABOYHBIE MaTepUaIbl.

— Tema koHTpoJLHOI 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 kuHernuecko sHepruedt T = 1 xvB. OnpenenuTs AOMNOJHUTENBHYIO
sHepruro OT, KoTOopyro HEO0OXOAMMO €My COOOIUTH MJisi TOTO, YTOOBI JjWHA BOMH A jAe bpoitns
YMEHbIINJIAch B TPU pasa.

— 3. Nmeerca JII'C Ha ocHoBe AlAs/AlxGal-xAs/AlAs. TommuHa KBAaHTOBOW SIMBI COCTAaBIISICT
4,5 uM. OmpenenuTb MakCUMaJlbHbIM X NPU KOTOPOM B KBAHTOBOW siMe OylIeT OJMH SHEPreTHYECKHM
ypoBeHb. CripaBouHbIE JaHHBIE Ul MaTEpUajoB B3ATh U3 ClpaBOYHUKA. D((EeKTUBHBIE MACChl CUUTATH
MIOCTOSIHHBIMH U IPUPABHATH K CPETHUM 3HAUYECHUAM

— 4. Umeerca [AI'C Ha ocHoBe AlAs/InAs/AlAs. Onpenenutb MUHUMAJIbHYIO M MaKCUMAJIbHYIO
TOJIIIMHY KBaHTOBOM siMbl. ClipaBOUYHBIE JaHHbBIE JJIS1 MAaT€pHaJIOB B3SITh U3 CIPABOYHHUKA.

— Ilpumeps! 3a1ay 115 KOHTPOJIBHON pabOThl MPUBEIEHBI B y4EOHO-METOAUYECKOM ocoOuu (II.
2.1-2.4). BapuaHTbl KOHTPOJIBHOU pabOThI MPUBEIEHBI B y4eOHO-METOANMYECKOM nocoouu (11.3). YueOHo-
METOJIMYECKOE IOCOOME CO/Aep)KaT BapUaHThl 3aJaHUM JJIi KOHTPOJBHBIX pabOT M HMHAWBHIyaTbHBIX
3ajaHuil. [l caMOCTOATENbHOTO M3YydeHHs] PEKOMEHAYETCS CIIMCOK JIMTepaTypbl U HPHUBOIATCS
CIPaBOYHbIE MaTE€PHAIIbI.

3.3 Dk3aMeHallIOHHbIE BONPOCHI
— Bounna [le bpoiuns. KBantoBoe orpanmuenue. KeantoBeie meHku. 2. Bonna [le bpoitns.
KBanToBoe orpanndenue. Ksanroseie Touku. 3. Bonna [le bpoinsa. KBantoBoe orpannyenue. KBaHtoBbie
mwHypel. 4. TerepocTpykrypbl. OnHepretudeckas muarpamma JI['C. OcHoBHble TpeOoBaHMUS,
MPEIbIBISIEMbIE K T€TePOCTPYKTypaM. MeTo/ibl H3rOTOBJIEHHUSI Te€TEepOCTPYKTYp. 5. CBepXpelieTKH.
DHEpPreTUYeCKue JTuarpaMMbl  CBEpPXpEmIeTOK. MmuHH30HBL. 6. CBEpXpemeTKd. DHEPreTUYeCKue
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nuarpamMmsel cBepxpeiietok. CBOICTBO 3JIEKTPOHOB B cBepXpelieTkax. 7. bamiuctudeckuil TpaHCIOPT.
KBant comnporuienus. Kpant mnpooaumoctu. 8. CrocoObl (opMUpOBaHUS KBaHTOBOPA3MEPHBIX
cTpykTyp. DopmupoBaHuE KBAaHTOBBIX TO4YeK. 9. CnocoObl (QopMHpOBaHUS KBAaHTOBOPA3MEPHBIX
cTpykTyp. dopmupoBanue kBaHTOBBIX HpoBosIOK. 10. CrocoGwl (opMupoBaHMSI KBAaHTOBOPA3MEPHBIX
cTpykryp. PopMHpOBaHHE KBAaHTOBBIX IUICHOK. 11. JIByMEpHBIN 3JE€KTPOHHBIN ra3 B MarHUTHOM IIOJIE.
VYposuu Jlanaay. 12. Llenouuncnennsiii 1 npo6HsbIi a3pdext Xomna. 13. Ddpdexrt Hltapka. Dddexr LlTapka
B TETEPOCTPYKTypax C KBaHTOBbIMH siMaMmH. 14. TynHenbHblll 3Qdext. KordduuueHnt npospaunoctu
Oapbepa. Pezonancubiii TyHHENbHBIM dhdext. 15. Dddexr Jxozedcona. IlpakTudeckoe npuMeHeHue
abdexra JI303edcona. 16. KymonoBckast Omokama. KymoHoBckass Onmokaga ¢ OJHHM TyHHEIbHBIM
nepexogoM. 17. Kymonosckas Onokana. KyinoHoBckas Onokajga ¢ JIByMs TYHHEJIbHBIMU IE€pEXOAaMHU
oluHakoBoil mpo3payHoctu. 18. KynonoBckas Onokana. KymoHoBckas 010kajga ¢ JIByMsl TyHHEIbHBIMU
nepexonaMu pazimyHoil mpospaunoctu. 19. CorynnenupoBanue. ['me nabmromaercs. I[lpuuwmnbr. 20.
Pe3onancHo TyHHenbHbINH Auoa. Koncrpykuusa. DHeprerudeckas nuarpamma. [lpunnun pa6otel. BAX.
21. PesonaHcHO TyHHenbHBIM Tpan3uctop. Koucrpykuwmsa. Ilpunnun pabote. BAX.  22.
OnHoanekTpoHHbIM  Tpan3uctop. Koucrpyknus. OnHepretuueckas auarpamma. [lpuHuun paOoThI.
[lepenarounsie u BbIXOAHBIE XxapakTepucTuku. 23. HEMT tpansucropel. Koncrpykumun pHEMT
Tpan3uctopoB. [lpunuun pabotsl. IlepenaTodynble W BBIXOJHBIE XapakTepUCTHKHU. [Ipumenenue. 24.
HEMT rtpansucropsl. Koncrpykiuu mHEMT Tpansuctopos. [lpuniun pa6otel. [lepenatounsie u
BbIXOJIHbIE XapakrepucTuku. [Ipumenenue. 25. Csetoaunoas! u nazepsl Ha ocHoBe JI'C. KoncTpykuus.
OHeprerudeckast auvarpamma. I[lpunnun pabotel. OcHOBHBIE XapakTepucTUKH. I[Ilpumenenue. 26.
Ceeronuonel u naszepsl Ha ocHoBe JII'C u kBaHTOBBIX Touek. KoncTpykiuu. [IpuHiun paGoTsl.
HocrounctBa u Henoctarku. 27. KBaHTOBble KackaaHble Jazepbl. KoHCTpykuus. OHepreTuueckas
nuarpamma. [Ipuniun pa6otsl. [Ipumenenune. 28. MK-poronpuemuuku. KoncTpykius. DHepreTudeckast
muarpamma. [lpunnun  pabotel.  Ilpumenenue. 29. Onrtuueckue Moxynaropsl. KoHcTpykuus.
Ouepretudeckass guarpamma. [lpuamun pabotel. [lpumenenue. 30. JlaBuHHBIE (POTOIUOBIL.
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 MeTonnyecKue MaTepHaJibl
st obecnieduenust mporiecca OOydeHUsT M peHIeHHs 3a7ad OOy4eHHUS! MCIOIb3YIOTCS CIIECTYIOIINE
MaTepHabl:
— METOJAMYECKUE MAaTepHallbl, ONIPEACISAIONME IPOLEAYPbl OLEHUBAHWS 3HAHWM, YMEHUH,
HaBBIKOB M (WMJIM) ONBITA JESATENIBHOCTH, XapaKTEpU3YIOIIMX ATanbl (OP-MUPOBAHUS KOMIIETEHIUH,
comacHo 1. 12 paboyeil mporpamMmsl.

4.1. OcHoBHasi JuTEparypa

1. bopucenko B. E. Hanoasnekrponuka: yue6Hoe mocodue st 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 mocobue / ILE. Tposn, HO.B. Caxaposn. -
MunuctepctBo oOpazoBanusi u Hayku Poccuiickori ®Denepanmu, [ocymapcTBeHHas KOpIIOpaius
"Poccuiickas koprnopauusi HaHOTexHoyorui", TOMCKHII TOCyIapCTBEHHBIM YHUBEPCUTET CHCTEM
ynpasieHus u paauouiekTpoHuku. — Tomck: TYCVYP, 2010. — 88 ¢ (nanuuue B 6ubnuorexke TYCVYP - 15
9K3.)

4.2. lonosHUTEIbHASI JIUTEPaTypa
1. Yamneirun FO.A. Hanorexnonoruu B anexrponuke: Monorpadus / 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 HaHORIEKTPOHUKH: yaeOHOe mocooue ams By3oB / B. I1. JlparyHos,
N. T. Heussectnsiil, B. A. I'puguun. - M. : ®uszmarknura ; M. : Jloroc ; M. : YHuUBepcUTETCKass KHUTA,
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2006. - 494 c. - ISBN 5-98704-054-X. - ISBN 5-89155-149-7 (nanuuue B 6udnuorexke TYCVYP - 32 3k3.)
3. HasorexHonmoruum B MOJYNPOBOJHUKOBOM snekTpoHuke: KosnexktuBHas MoHorpadus /
Poccuiickas Axagemusi Hayk, Cubupckoe otaenenue, MHCTUTYT HU3UKH MOTYIPOBOTHUKOB; per. A.JL.
AceeB. — HoBocubupck: M3marensctBo CO PAH, 2004. — 367 [1] ¢ (nanuuue B 6ubmoreke TYCVYP - 10
9K3.)
4. Dnexrponuka: YuebHoe mocobme mis By30B / A.A. lllyka; pen. A.C. Curos. — CII6.: BXB-
[TeTepOypr, 2006. — 799 ¢ (nanuune B Oubnuoreke TYCVYP - 3 5k3.)

4.3. YueOHO-MeTOIMYecKoe 0co0He U MPOrpaMMHOe odecreyeHue

1. Tposn ILE. HanoanekTpoHuka: VYuyeOHO-METOAWYECKOE MOCOOME TIO  aylIuTOPHBIM
MIPaKTUYECKUM 3aHATUSM U camocrostenbHoil padote / [LE. TposH, }0.B. Caxapos. u3n-so Tomckuii
rOCYIapCTBEHHBIM YHHUBEPCUTET CHUCTEM YIpaBIE€HUS U paguodiekTpoHuku, 2015. — 20 ¢ —
[DnexTponHsbIit pecypc]. —http://miel.tusur.ru/index.php?option=com_content&view=article&id=238

2. Tposu I1L.E. Hanosnekrponuka: Y4eOHO-METOIMYECKOE TTOCOOME 110 JIa0OpaTOPHBIM paboTam
/ TLE. Tposn, }0.B. Caxapos. — Tomck: U3n-Bo ToMck. roc. yH-Ta CUCTEM YIIp. U PaHOIEKTPOHUKH,
2010. — 52 c¢. — [DnexkTpoHHBIH 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" - WHTEPHET-KYypHAII, IO CBSIILICHHBIN HAHOTEXHOJIOT UL
http://nanodigest.ru/stati/issledovaniia-i-razrabotki/nanoelektronika-dostizheniia-i-perspektivy
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