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PABOYASA NPOrPAMMA YYEEHOW OAUCLUMUNINHbBI

51.0.22 HaHoanekTpoHuKa

1. Koa n HaumeHoBaHMe HanpaBneHusi NOAroToBKM/cneunanbLHOCTU:

11.03.04 SnekTpoHMKa U HAHO3MNEKTPOHMKA

2. Mpodunb noarotoBku/cneumanusauus: ViHTerpanbHasa aneKTpoOHNKA N HAHOJNEKTPOHMKA
3. KBanudukauums (cteneHb) BbINYCKHUKA: 6akanasp

4. dPopma oby4eHuUA: oYHas

5. Kacheapa, oTBevarowlan 3a peanmsauuio AUCUUNIUHBI: (PU3NKN NOMNYNPOBOLHUKOB U MUK-
POSNEKTPOHUKN

6. CocraButenun nporpammbl: bopmoHTOB EBreHun Hukonaesny, [goktop usuko-

MaTeMaTU4YeCcKMX Hayk, npodeccop

7. PekomenpoBaHa: HMC cumaundeckoro cakynbTeTa oT 26.06.2024 , npoTtokon Ne 6

8. YyebHbIn roa;: 2027-2028 Cewmectp(bl): 7



9.lenu n 3agaym y4eb6HOM ANCLUUNIIUHDI:

Lensmu oceoeHus y4ebHoU OucyunmuHbl s6/stomces: popMMpoBaHME CUCTEMATUYECKUX 3Ha-
HUMA 1 pyHOAMEHTanNbHbIX MPUHUUMOB, ONPEAENSOLNX CTPYKTYPY KBAHTOBbIX HU3KOPA3MeEPHbIX
CUCTEM, a TaKKe B U3yYeHUN SIBIIEHUIN U NPOLECCOB B HAHOCTPYKTYpaXx, MCMOMNb3YOLWMXCA Npn
paspaboTke npMbopoB HAHOINEKTPOHMKN.

3agaun y4yebHOM aNCLUNIINHLI:

— MNO3HAKOMUTb OBy4aloLLMXcsa ¢ NpeacTaBneHmsaMm 0 (OU3NYECKNX UOEesaX U NpUHLMNax coBpe-
MEHHOW HAHOJMEKTPOHUKMY;

— (bopmMmnpoBaHMe KOMMSIEKCA TEOPETUYECKMX 3HaHUN O (PU3NYECKMX CBOWCTBAX HaHO3MEK-
TPOHHbIX CUCTEM, BaXXHENLLMX (PU3NYECKUX rnpoueccax u SBfeHUsIX, CoCTaBnaoWwmnx yHaa-
MEHTaIIbHY0 OCHOBY HAHO3MEKTPOHUKN;

— W3y4YeHue SNEKTPOHHbIX CBOMCTB KBAHTOBbIX HAaHOCTPYKTYP, KMHETUYECKUX, UHTepdepeHumn-
OHHbIX U 1 Me30CKONN4ecknx apdeKkToB B HAHOCTPYKTYpaXx;

— dopMmupoBaHue y obyyaromxcs npeacrtaBneHnn ob OgHOINEKTPOHUKE, MArHUTHbIE HaHO-
CTPYKTYpax, CIUHTPOHWKE;

— 3HaKOMCTBO OBy4aloLmxca C CyLecTBYWUMN MOodeNsaMu, TEOPUSMN pasnnyHbIX usnye-
CKUX SIBMIEHUA U OCHOBHbIMW 0651AaCTAMU MPUMEHEHUS HAHO3MEKTPOHHbBIX CTPYKTYP.

10. MecTo yyebHOM AncuunuHbl B cTpykType ONMOI:
AuncumnnuHa BKoYeHa B Yncno obssaTtenbHbix gucumninnd 6noka b1 no HanpaeneHuo noaro-
ToBKM 11.03.04 DneKTpOHMKA N HAHO3NMEKTPOHMUKA.

[na ee ycBoeHus TpebyloTcs 3HaHUA, bopMUpyeMble NPU OCBOEHUUM MaTeMaTU4ecKmx
ANCUNNNWH, ONCUMMNNH obwen ousnkn, a Takke gucumnivH: «KBaHToBas MexaHuka u ctatu-
cTnyeckasa usunka», «Kpucrtannorpaduma n kpuctannopusvka», «dPusmka KOHOEHCUPOBAHHOIO
COCTOSIHUSAY, «PU3mnKa NoNynpoOBOAHUKOBY.

B pesynbTate NpoxoxgeHus OaHHOWM OUCUUNIIMHBI OBy4arowmncs OoImKeH npuobpecTtun
3HaHWS, YMEHUS, HaBblkW NPOGECCMOHarnbHbIX KOMMETEHUMA, HeobxoamMbIxX Ans obecneyvyeHuns
TPYOOBbIX (PYHKUMIA npodheccnoHanbHblx ctaHgapToB 40.058 « «HXeHep-TexHonor no npoms-
BOLCTBY paamoanekTpoHHbix cpeactB» n 40.035 «UHXeHep-KOHCTPYKTOP aHanoroBbiX CrOXHO-
dyHKUMoHanbHbIX 6nokoB (CP-6noKoB)».

3HaHWUA, NONyYeHHbIE NMPU OCBOEHUN OMCUMNMHBI « PU3nka NonynpoBOAHUKOBY, HEOOXO-
AUMbI ANsi OCBOEHUs1 obuienpodeccmoHanbHbiX 1 NPOodecCnoHanbHbIX AUCUUNIINH: « DNEMEHT-
Hasi ©6a3a UMPOoBbLIX MHTErpanbHbIX cXem», «1poeKTMpoBaHME NHTErpanbHbIX CXEM», a TaKKe
npu NPOXOXAeHU NpeaauniioMHOM NPaKTUKK, HanucaHUs BbIMYyCKHOM KBannuUKaunmoHHON pa-
©0Tbl B 06NacTm MWUKPO- U HAHOSNEKTPOHUKMN.



11. MnaHupyembie pe3ynbTaTbl OOy4YeHUs NO AucuUMnnuHe/moayno (3HaHUA, YMEHUS,
HaBblK1), COOTHECEHHbIe C NflaHNMpPyeMbIMM pe3ynbTaTaMu OCBOEHUA obpa3oBaTeNibHOMU

nporpamMmmbl (KOMHGTEHLIVIHMM BbII'IyCKHVIKOB)Z

KomneTteHuumn Mugmkatopbl
MnaHvpyemble pesynbtaTbl 0byye-
Kon HanmeHoBaHue Ko (b)) HanmeHoBaHwue st
KOMneTeHuun nHankaTopa(os)
OlK-1 | CnocobeH nc- | OlK-1.1 | demoHcTpupyeT 3Hame:
nonb3oBatb No- 3HaHWs dyHOa- | - yHOaMeHTanbHble 3aKOHbl Npu-
NOXEHWS, 3aKOHbI MEeHTanbHbIX  3a- | poAbl N OCHOBHbIE (pusmyeckme ma-
n meToabl ecTe- KOHOB MpupoAbl U | TeMaTUYECKME 3aKOHbI;
CTBEHHbIX HayK W OCHOBHbIX  (b13un- | Ymeme:
mMaTemMaTukn Ang YecKUX U maTema- | - NOHMMaTb rMaBHble Npobnems! u -
peleHna 3agad TUYECKMX 3aKOHOB | 3a4a4yn COBPEMEHHOM OU3NKU
WHXXEHEepHoOn fe- Bnademe:
ATENbHOCTU MeTo4aMn €eCTECTBEHHbIX HayK W
MaTeMaTUKN B MPUITOXEHUN K pe-
LWEeHN0 3afay coBpeMeHHon dunsu-
Kn
OrlK-1.2 | NMpumeHsieT usn- | 3Hame:
YecKkMe 3aKOHbl U | - CyLlecTBylLIME Teopun pasnuy-
MaTeMaTUYECKME | HbIX (PUINYECKUX SBMEHWUA U MpO-
MeTodbl ANsA pe- | LeccoB, MPOUCXOASLWMUX B KBAHTO-
LWeHNsa 3agady Teo- | BOpasMepHbIX CTPYKTypax
peTnyeckoro n| Ymeme:
NPUKMAQHOTO  Xa- | - NPUMEHATb PU3NYECKMEe 3aKOHbI
pakTepa N MaTtemMaTu4eckn MeToabl Ans pe-
LEeHN 3aday TeopeTMYECKOro u
NPVKIagHOrO Xapaktepa B HaHo-
9NEKTPOHUKE
OlK-1.3 | Ucnonb3yeT  no- | 3Hame:
NOXEHMUS!, 3aKOHbl | - OCHOBHblE NMpeacTaBneHns o u-
N MeTodbl €ecCTe- | 3UYEeCKMX Maesix U MpuHuunax co-
CTBEHHbIX HayK | BPEMEHHOW KBAHTOBOW (OU3NKN
AN peleHnss nH- | Ymems:
KEHEpPHbIX 3a4a4 B | - UCNONb30BaTb MOSTyYEHHbIE TEO-
chepe npodeccu- | peTndeckne 3HaHUa U yMeHus ang
OHanbHOM Aesi- | peleHns KOHKPETHbIX MHXEHEPHbIX
TENbHOCTH N NpuKNagHblX 3agay HaHOJMekK-
TPOHWKM
OlK-2 | Cnoco6eH camo- | OlK-2.1 | HaxoguTt n Kputu- | 3Hams:
CTOATENbHO Npo- YECKM aHanuaupy- | - OCHOBHble TeHOEHUUN pasBUTUS
BOAWTb 3KCrepu- eT Hay4HO- | HAHO3NEKTPOHUKM
MeHTarnbHble WUC- TEXHUYECKYID WH- | YMems:
cnegoBaHus n dopmauuio, Heob- | - aHanManpoBaTb U y4MTbIBaTb CO-
ncnonb3oBaTb XOAMMYIO ONnsi pe- | BPpEMEHHble TEHAEHUMM pPas3BUTUSA
OCHOBHblE npue- LweHuns NocTaB- | HAHOANEKTPOHUKM
Mbl 06paboTkn un neHHon 3agaun Bnadems:
npeacTaBneHus - OCHOBHbIMKU obnacTamm npumeHe-
NOMyYEeHHbIX HUS1 HAHOJMNEKTPOHHbIX CTPYKTYP
OaHHbIX OlK-2.2 | Onpegensiet B | 3Hamb:
pamMKax nocTaB- | - SIBMIEHUS M MNpouecCbl B HaHO-
NEHHON WHXeHep- | CTPYKTypax, MCMOSb3yLWnXcs npu
HOW 3agayn COBO- | pa3paboTke 3nemMeHToB M npubo-
KYMHOCTb B3auMMO- | POB HAHO3MEKTPOHMKM
CBA3aHHbIX 3agad, | YmMems:
obecneynBarowmx | - paboTaTtb C TEXHUYECKOW [JOKY-




€€ JoCTMKEHMne MeHTaLunewn

Brniadems:

- MPUMEHsITb MeToAbl pacyeTa na-
paMeTpoB M XapaKTepucTuk npmodo-
POB M YCTPONCTB HAaHO3MEKTPOHUKM

- MOAEeNnsaAMU, TEOPUSMU Pa3SINYHbIX
(PU3NYECKUX SBMEHUN, Nexawmx B
OCHOBE (OYHKLMOHMPOBAHUSA arne-
MEHTHOI 6a3bl HAHO3MNEKTPOHMKN

12. O6bemM gucUMNNUHbLI B 3a4eTHbIX eauHuuax/yac. — 4 / 144.

CDopma I'IpOMG)KYTO'-IHOVI aTTecTaumn. 3K3aMeH

13. Buabl yuebHomn paboThbl

TpyooeMKOCTb
BVI,D, y‘-le6HOI7| paGOTbI Mo cemecTpam
Bcero
7 cemecTp
AyOouTopHble 3aHATUSA 48 48
nexkuum 24 24
B TOM yucne: npakTnyeckue - -
nabopartopHble 24 24
CamocTtosaTensHasa paboTta 60 60
dopma NPOMEXYTOYHOW aTTeCTaUUN - IK3aMeH 36 36
NToro: 144 144
13.1. CopepxaHme AUCLMUNIINHBI
n/n Peanuszauwnsa
pasgena auc-
LUUNANHBI C
HanmeHoBaHue pasgena
S CogaepxaHue pasgena UCLMNINHbI NOMOLLbHO
OHIanH-
Kypca, QYMK
*
1. NNekuunn
1.1 BeepneHue. PasmepHoe KBaHTOBbIA KOHPANHMEHT 1 pa3MepHOCTb Pa3smepHoe
kBaHTOBaHWe. OCHOBHbIE 9NEKTPOHHOM cncTeMbl. PaamepHoe KBaHTOBa- | KBaHTOBaHWE
TWNbl HAHOCTPYKTYP U NX Hue. YcnoBus HabnoaeHms KBaHTOBO- N KBAHTOBbIE
KBaHTOBO-MeXxaHu4yeckne pas3MepHbIX 3PEKTOB. ANEeMeHTapHble HaHO- | pas3mepbl
mogenv CTPYKTYPbl: KBAHTOBbIE sIMbl, KBAHTOBbIE HUTU, | CTPYKTYpPbI
KBaHTOBbIE TOYKW, NOSYNPOBOAHMNKOBbIE https://edu.vs
CBEPXPELLETKM M UX KBAHTOBO-MEXaHu4eckne | u.ru/coursel/vi
Moaenu. ew.php?id=11
418#section-1
1.2 OneKTPOHHbIE CBONCTBA OHepreTnyeckui cnekTp 1 BonHoBble oyHKuuKn | CBo6oaHbIE M
KBaHTOBbIX HAHOCTPYKTYpP asymepHoro (2D), ogHomepHoro (1D) 1M Hynb- | CBA3aHHbIE
mepHoro (0D) anekTpoHHoro rasa. OnucaHue | Hocutenn B
9NEKTPOHHbIX COCTOSHUMA MeTOAOM orunbato- | CTpyKType
wen. OcHoBHble TUMbl W 3HepreTudeckun | https://edu.vs
CrneKkTp cBepxpelleTtok. MoaynuposaHHoe ne- | u.ru/course/vi
rmpoBaHue. lNonesble TPaH3UCTOPbl Ha anek- | ew.php?id=11
TPOHax C BbICOKOW nogBwkHocTbio. Ctatuctu- | 418#section-2




Ka HocuTenewn 3apsiga B cuCTeMax MOHMKEH-
HOW pasmepHocTU. PasmepHas ocumnnaums
NMOTHOCTU KBAHTOBLIX COCTOSHUA U (pusnye-
CKMX CBONCTB 2D- 3NeKTPOHHOrO rasa

13

KnHeTundeckme adpdhekTbl B
HaHOCTpyKTypax; KeaHTo-
BbI adppekT Xonna

KuHeTnyeckne sBneHuMs B OBYMEPHbIX CTPYK-
Typax W cBepxpeweTtkax. KsaHTOBaHue
JlaHpay u ocumnnsumm Badbe - WTapka. Le-
JNIOYUCNEHHBLIA  KBAHTOBbIN  adodpekT  Xonna
(LK3X). Ycnosusa HabnogeHus n pesynbTatbl
aKkcnepumeHTa. lNposasneHne MUPOBLIX NOCTO-
SAHHbIX (€, h). OddpekTbl nokanusaumm n unx
ponb B LIKGX. AprymenTtol JlacdonuHa. [Opob-
HbI KBAHTOBLIN adhdheKkT Xonna u ero uHTep-
npetauns. CTpyKTypa KBaHTOBOM XXWOKOCTU
Kak OCHOBHOIO CUSIbHO KOPPEnMpOBaHHOIO CO-
CTOSIHUSA [BYMEPHOro OreKTPOHHOro rasa B
CWMBbHOM MarHUTHOM TMofe W CBOWCTBa ee
afeMeHTapHbIX BO30yxaeHun. [OpobGHble 3a-
pagbl U KOMNO3UTHbIE (PEPMUOHBI

KnHetunye-
CcKne sIBNeHus
B HaHOCTpPYK-
Type
https://edu.vs
u.ru/courselvi
ew.php?id=11
418#section-4

1.4

WHTephepeHUNOHHBbIE 1
Me30cKonmyeckmne aheKTbl
B HaHOCTpYKTypax. bannu-
CTUYECKUIA TpaHCnopT

Me3sockonunyeckne cuctembl. TpaHCNOPT HOCK-
Ternen B y3KMX KaHanax v KBaHToBaHue npoBo-
anMmocTu. KBaHTOBbLIN TOYEYHbIN KOHTAKT. Ponb
KOHTaKTOB ANs HaHOCTPYKTyp. KBaHTOBO- WH-
TephepEHUMOHHbIE SIBIIEHNS U y4EeT MEe30CKO-
nuyeckmx acpdekToB. bannmMcTUyecknin TpaHc-
nopt. MNpubopbl Ha ocHoBe GanMUCTUYECKOro
TpaHcnopTta

15

OnTtunyeckue cBomncTBa
KBAHTOBbLIX HAHOCTPYKTYP.
eTepona3sepbl Ha KBAHTO-
BbIX SMaX M KBAHTOBbIX TOM-
Kax

OnTuka KBaAHTOBLIX CTPYKTYp. BeposTHOCTb
nepexoga B Mnone 3MeKTPOMarHUTHOM BOJIHbI.
MpaBuna otbopa. BO3MOXHOCTbL ynpaBneHus
ONTUYECKUMN MapamMeTpamMn B LUMPOKUX npe-
penax. ®OTOHHbIE KpuCTannbl. BO3MOXHOCTb
peanunsaumMm nasepHOW reHepaumm B Henpe-
PbIBHOM peXuMe Mpu KOMHATHOW TemnepaTy-
pe. KackagHble nasepbl Ha MEXOy30HHbIX ne-
pexogax B CUCTEME KBAHTOBLIX SIM U KBaHTO-
BbIX TOYEK

1.6

PesoHaHcHOe TyHHenupo-
BaHWe 1 Npnbopsbl Ha ero
OCHOBE

BbiBOA ycnoBui ans peanusaumm TyHHENMpo-
BaHNA C €OUHUYHOW BEPOSITHOCTbIO. ddhdekT
PEe30HaHCHOro TyHHenuMpoBaHus B [AByxba-
PbEPHON CTPYKTYpe C KBAHTOBOW SIMOM U B
MHorob6apbepHbIX KBAHTOBbIX CTPyKTypax. BAX
ABYX- 1 MHOrobapbepHbIX CTpyKTyp. [Npnbopbi
Ha OCHOBE Pe30HaHCHOIO TYHHENVPOBaHWS.

1.7

TyHHenupoBaHwue B ycno-
BMSAX KyJTOHOBCKOW Broka-
Abl. OQHO3NEKTPOHMKA

3anunpaHune TyHHEeNbHOro Toka 3a cyeT yBenu-
YEHUs1 KYNTOHOBCKOW 3HEprum CUCTEMbI Mpu
pobaBneHnn OoOHOro 3MeKTpoHa. YCnosus
HabntogeHns appekta. BAX acnmmeTprnyHoro
TYHHENbHOro KoHTakta 6e3 3aTtBopa. Mexa-
HM3M obpasoBaHusa ctyneHen. OQHOINEKTPOH-
HbI TPaH3UCTOP. YCTPOWCTBA Ha OCHOBE OA-
HO3MNEKTPOHHbIX TPaH3UCTOPOB. HoBble TuNbI
SMNEKTPOHHbIX CXEM.

OcobeHHOoCTH
TYHHENbHOro
ABNEHNS B
HaHOCTPYKTY-
pax
https://edu.vs
u.ru/courselvi
ew.php?id=11
418#tsection-5

1.8

MarHuTHble ~ HaHOCTPYKTY-
pbl. CnuHTpoHuka. [lep-
CMEKTUBbI HAHO3NEKTPOHMKM

MraHTckoe MarHeToConpOTUBIEHWE  HaHO-
CTPYKTYP, COCTOSILLUUX U3 YepenyroLmnxcs mar-
HUTHBIX U HEMAarHUTHbIX CIOEB; 3/IEMEHTbI 3a-
MUCKU, XPaHEHUSI U CUYUTbIBAHUS MHOPMaLMN.
NH>XeKUMsa CMMHOBBLIX TOKOB KaK OCHOBa HOBOIO

MpymeHeHune
HaHOCTPYKTYp
B npubopax
MUKpPO- n
HaHO3NeK-




Krnacca npnbopoB; KBAHTOBbIA KOMMNLIOTEP

TPOHMKM
https://edu.vs
u.ru/courselvi
ew.php?id=11
418#section-6

2. JlabopamopHbie pabomabl

2.1

PasmepHoe kBaHTOBaHME.
OcCHOBHbI€ TUMbl HAHO-
CTPYKTYP U UX KBAHTOBO-
MexaHu4yeckne moaenu

JTabopaTopHasa pabota Ne1. PacueT koadpcu-
UMeHTa npornyckaHMs OAHOMEPHOro KBaHTO-
BOro noteHuuanbHoro 6apbepa Tuna «CTy-
neHbKa»

JTabopaTtopHasa pabota Ne2. MoagenuposaHue
TYHHenbHOro adhdekta Ha npumepe ogHoMep-
HOroO KBaHTOBOro npsAMoOyronbHoro ©Gapbepa
(4.1)

JTabopaTopHasa pabota Ne3. MoaenupoaHue
TYHHENbHOro acpcpekta Ha npumepe ogHOMEpP-
HOroO KBaHTOBOro NpPSAMOYronbHoro ©Oapbepa
(4.2)

2.2

OneKTPOHHbIE CBONCTBA
KBAHTOBbIX HAHOCTPYKTYpP

JlabopaTtopHasa pabota Ne4. PacueT cnektpa
paspeLleHHbIX 3HEpPreTUYeckux YPOBHEWN oOf-
HOMEPHOM KBAHTOBOW MPSMOYrOSIbHOW SAMbI
KOHEYHOW rMyOuHbI

JlabopaTopHasa pabota Ne7. MoaenupoBaHue
9HEpPreTU4ecKoro CrnekTpa CBEpPXPELLETKN C
ucrnonb3oBaHnem Mogenn  KpoHura-leHHu
(4.1)

JTabopaTopHas pabota Ne8. MoaenupoaHue
9HEepreTU4ecKoro CrnekTpa CBEPXPELLEeTKN C
ncrnonb3oBaHnem Mogenn  KpoHura-leHHu
(4.2)

2.3

PesoHaHCcHOe TyHHenupo-
BaHWe 1 Npnbopsbl Ha ero
OCHOBE

JlabGopatopHas pabota Ne5. MoaoenuposaHue
a(ppekTta pe3oHaHCHOro TyHHEeNMpPoBaHUA Ha
npuMepe OOHOMEPHOW CTPYKTYpbl U3 [ABYX
KBAHTOBOCBS3aHHbIX MPSIMOYrofbHbIX Gapbe-
pos (4.1)

JTabopaTopHasa pabota Ne6. MoagenupoaHue
ahpekTa pPe30HaAHCHOro TYHHENWPOBaHUS Ha
npMMepe OOHOMEPHOW CTPYKTYpbl M3 [OBYX
KBAHTOBOCBSA3aHHbIX MPSIMOYrofbHbIX 6Gapbe-
pos (4.2)

13.2. Tembl (pa3aenbl) AUCLUNIIUHBI U BUAbI 3aHATUNA

Ne Bugbl 3aHATUI (4acoB)
HanmeHoBaHue Tembl
n/ MpakTnye- JlabopaTop- |CamocTtosiTenb-
(pasgena) gucumninHbl Nexkumn Bcero
n CKne Hble Has paboTa
BeegeHue. PasmepHoe kBaH-
ToBaHme. OCHOBHbIE TUMMbI
1 4 - 8 8 20
HaHOCTPYKTYP U UX KBaHTO-
BO-MeXaHu4eckue mogenu
OneKTpOoHHbIE CBONCTBA
2 P 4 - 8 8 20
KBAHTOBbIX HAHOCTPYKTYP
KnHeTtunyeckune addexTbl B
3 | HaHoCTpyKTypax; KBaHTOBbLIV 4 - 8 12
adhdpekT Xonna
4 WHTepdepeHUNOHHbIE N Me- > i i 3 10
30cKonuyeckue apekTbl B




HaHOCTpykTypax. bannuctu-
YeCcKui TpaHcrnopT

OnTnyeckne cBomcTBa KBaH-
TOBbIX HAHOCTPYKTYp. eTe-
poniasepbl Ha KBaHTOBbLIX
AMaXx N KBAHTOBbIX TOYKaX

PesoHaHCcHOe TyHHenupoBa-
6 | HMe n npubopbl Ha ero OCHo- 2 - 8 8 18
BE

TyHHennpoBaHue B yCnosu-
7 | sIX KynOHOBCKOW 6nokagpl. 2 - - 6 8
OOHOSMNEKTPOHMKA

MarHuTHble HaHOCTPYKTYPBbI.
8 | CnnHTpoHuMKa. MNepcnekTuBhbl 2 - - 6 8
HaHO3NEKTPOHWUKM

Ok3ameH — 36 yacos 36

UToro: 24 - 24 60 144

14. MeToan4yeckue ykasaH1A Ans ody4yarowmuxca no 0CBOEHUIO0 AUCLUMNSTUHDbI

M3yyeHne aucumnnumHbl « HaHOSNEKTpoHMKa» npegycMaTtpuBaeT OCyLLeCTBeHNe y4ebHoN
AeATerIbHOCTU COCTOosLWEeN N3 ABYX YacTen: obyyeHus CTyQeHTOB npenogasaTesieM U camMocTo-
ATENbHOWN y4ebHOM AeaTeNbHOCTU CTYQEHTOB MO U3YYEHUIO AUCLUNNNHDI.

MeTopg npenogaBaHnsa — npobnemMHbin, oopma obyveHnsa — rpynnosasi, oopma obLieHnsa —
nHTepakTuBHaga. Obss3aTenbHOEe MoceLleHne MPaKTUYECKMX 3aHATUMA U TEeKyLLMX aTTecTauuu,
BbINOJSTHEHNE KOHTPOJSIbHbIX paboT.

MoaroToBka K Nekunsam siBnseTcs OgHUM U3 BUAOB CaMOCTOSATENbHON paboThl CTYAEHTOB.
CtyneHTam, 4Tobbl XOpPOLLO oBnageTb y4ebHbIM MaTepmanom, HeobxogmMmo BbipaboTaTb HaBbl-
KN NpaBunbHOMW U nnaHomepHow paboTbl. Nepen Havyanom NEKUMOHHbIX 3aHATUMMA Hago npo-
CMOTpPETb BCe, YTO ObINO caenaHo B nNpeablaywmnn pas. 3To NO3BOSIUT COCPEOTOUNTb BHUMA-
HWEe N BOCCTaHOBUTb B NaMsTU yXXe UMeloWwmecs 3HaHusa no gaHHomy npeamety. Kpome Toro,
Takon MeTO NOMOXET fy4ylle 3anOMHUTb Kak cTapoe, Tak U HOBOe, YriybuT noHMMaHue Toro u
APYroro, Tak Kak npu 3TOM yCTaHaBNMBAKOTCHA CBA3M HOBOrO CO CTapblM, YTO SIBMSIETCA HE TOMb-
KO obsi3aTenbHbIM, HO U OCHOBHbLIM YCrOBMEM FNyObOKOro oBnageHust matepuanom. Yem ge-
TanbHee n3yyaemoe accouumnpyeTcsi C U3BECTHbIM paHee, TEM NpOoYHEeEe COXpaHAeTCs B NamMaTH
N BbICTpee BCNOMHUTbL, Koraa TpebyeTcs.

CnenyeTt NOMHUTbL O TOM, YTO Yepes NEKUMO NepeaaeTcsl He TONMbKO CUCTeMaTM3MpPOBaH-
HbI TEOPETUYECKUA MaTepuar, HO U NOCTUraeTca MeToauka HayyYyHOro UccregoBaHus U yme-
HWe CaMOCTOSATENbHO paboTaTh, aHanNM3MpoBaTh Pa3fMYHOrO poaa SABMEHUS.
3anucbiBaTb Ha NeKuMM HeobXoaNMO rraBHOE, He CTPeMSCH 3adrKcMpoBaTb BCE CMOBO B CNO-
BO. BbibpaTh e rnasHoe 6e3 NoHMMaHus npegMeTa HEBO3MOXHO. Hannune cobcTBeHHOrO
KOHCMeKTa NeKkumin No3BONSET elle pa3 03HakOMUTLCA, NpoayMaTb, pa3obpaTbCcsa B HOBOM Ma-
Tepuane, Tak Kak HeJOCTaTOYHO XOPOLLO MOHATbIE BO BPEMS NEKLMUN NONOXEHUS MOTYT ObiTb
BOCCTaHOBIEHbI B NAaMATN, CONOCTaBMEHbI C APYrMMW, 404YMaHbI, AOMNOSHEHbI, YSICHEHbI U
pacLmMpeHbl C MOMOLLBbIO Yy4ebHON nuTepaTypbl. 3anucy SBnaTCS Nnocobmusamu ansa nosTope-
HUS, 0al0T BO3MOXHOCTb OXBaTUTb COAEPKAHUE NEKLMN U BCEro Kypca B LLENTOM.

Mpn aTOM XOpOLLIO OBNageTb coagepxaHuem rekummn — 3To:

- 3HaTb TEMY;

- MOHNUMAaTb 3HAYEeHUe U BaXXHOCTb ee B JaHHOM KypCe;

- YeTKO NpeAcTaBNATb NnaH;

- YMETb BbI4ENUTb OCHOBHOE, MMaBHOE;

- YCBOWUTb 3Ha4YeHWe NPUMEpPOB U UICTPaUni;

- CBSI3aTb BHOBb MOSly4YEeHHbIE CBEAEHMSA O NpeaMeTe UMK ABNEHUN C YK€ MMEIOLLNMUCS;




- NPEeACTaBNATb BO3MOXHOCTb 1 HEOHXOAMMOCTb NPUMEHEHMS NOSNYYEHHbIX CBEAEHWNN.

CyuiecTByeT HECKONbKO 0bLLMX NpaBuni paboTbl Ha NEKUUN:

- NeKuMM No Kakgomy npegMeTy 3anvcbiBaTb YAOOHee B OTAENbHbIX TETPaasix, OCTaBNAsa
LUMPOKME NOs AN NOMETOK,;

- K MPOCyLUMBAHMIO NEKUNIA crnefyeT roToBUTbCS, YTO NO3BONUT B MpoLiecce nekumm oT-
AENUTb rMaBHOE OT BTOPOCTENEHHOrO;

- NeKumMmn HeobxoaAMMO 3anucbiBaTb C CAMOro Havarna, Tak Kak OHO 4acTo ObiBaeT KI1o4YOM
KO BCeu Teme;

- TaKk KakK OOCMOBHO 3anucaTb NEeKUU HEBO3MOXHO, TO HEOOXOAMMO B KOHCMEKTe oTpa-
XaTb: (bopmynbl, onpeaeneHns, cxembl, TPyAHble MecTa, MbICIN, NpUMeEpPbl, akTbl U NOSIOXe-
HWSA OT KOTOPbIX 3aBUCUT MOHMMAaHWE rNaBHOro, HOBOE U HE3HAKOMOe, HeoNyBMKOBaHHbIE AaH-
Hble, MaTepuarn OTCyTCTBYIOLININ B y4eOHMKaxX U T.N.;

- 3anucbiBaTb HAOO CXKaTo;

- BO BPEMS NEKUMN BaXXHO HEMPEPLIBHO COXPaHATb paboyyto yCTaHOBKY, YMCTBEHHYIO ak-
TUBHOCTb.

N3yueHne TeopeTU4ecKoro martepmana B JaHHOM KypCce He OorpaHuyYmBaeTCcs NOAroTOBKOW
K nekumsam m paboTon Ha faHHOM BUAe 3aHATUMI. JIeKUMOHHast YacTb Kypca OpraHu4ecku B3au-
MOCBSI3aHa C MHbIMW Buaamu paboT: HanucaHnem pedepartoB, BbIMONIHEHNMEM NabopaTopHbIX
paboT, NOAroTOBKOM M caadven 3ayeTta No AUCUUMNINHE, B CTPYKTYpPE KOTOPLIX Takke OonbLioe
3Ha4YeHne NMEeET caMOCTOATENbHAA paboTa CTyaeHTa.

CamocToaTenbHas paboTa CTyAeHTOB Hapsgy C ayaAuTOpHOW NpeacTaBnseT OAHYy U3
dopM y4yebHOro npouecca n sBMAseTCA CyLECTBEHHON €e 4acTbio, YTO Hanbonee Apko npea-
CTaBneHo B npolecce NoarotoBkn bakanaespos. [NocnegHee obycrnoBneHo TeM, YTO CaMOCTOS-
TenbHas paboTa npegHasHadeHa onst POPMMPOBAHUSA HABLIKOB CaMOCTOSATENbHON paboTbl Kak
BoobLe, Tak 1 B y4ebHON, Hay4YHOM OeATenbHOCTU, (POPMUPOBaHNE U pa3BUTUE CMOCOBHOCTU
npuHMMaTb Ha cebsa OTBETCTBEHHOCTb, CAMOCTOATENbHO peluaTtb Npobrnemy, HaxoouTb KOH-
CTPYKTUBHbIE PELLUEHNS, BbIXO U3 KPU3MCHOW CUTyaLun U T.4.

CamocTosaTenbHasa paboTta bopMUpyeT CaMOCTOATENBbHOCTb HE TOSbKO Kak COBOKYMHOCTb
YMEHMIA N HaBbLIKOB, HO M KaK YepTy XapakTepa, UrparoLlyto CyLLECTBEHHYI POflb B CTPYKType
NMMYHOCTU COBPEMEHHOIO crneunanucTa Bbicluen kBanundukaumm. OHa BOCNUTLIBAET CaMOCTOS-
TENbHOCTb KaK 4yepTy xapakTepa. Hukakne 3HaHus, NonyvyeHHble Ha YPOBHE MAaCCUBHOrO BOC-
NpUATUSA, He CTaBluMe 0OBbEKTOM COBCTBEHHOM YMCTBEHHOM UMW NMpakTU4eckon paboTbl, He MO-
ryT CUMTaThCA NOASIMHHBIM LOCTOSSHUEM YErlOBEKA.

[laBasi BO3MOXHOCTb pacwmpsTb U oborawaTb 3HAHWUS, YMEHMS MO MHAMBMAYaANbHbIM
HanpaBneHnsiM, camocTodATeNnbHas pabota cTygeHTa MNO3BONSET COo34aTb Pa3HOCTOPOHHMUX
cneumanucToB. B npouecce camocTtosaTenbHon paboTbl pa3BuBalOT TBOPYECKME BO3MOXHOCTU
obyuatouierocs, npu 3TOM caMoCTosTeNbHaA paboTa 3aBepllaeT 3agayn BCEX BUOOB y4eOHOM
paboThbl.

CamocTosaTenbHasa paboTa - 3To nnaHupyemas paborta CTyQeHTOB, BbIMOMHsAEMas Mo 3a-
AaHUI0 1 NpU MEeToOUYECKOM PYKOBOACTBE npenofasaTtens, HO 6e3 ero HenocpeacTBEHHOro
yyactus. lNpenogaBaTenb, BEQYLUMA 3aHATUA, OpraHn3yeT, HanpaBnsieT CaMOCTOATENbHYO pa-
00Ty CTY4EHTOB 1 OKa3blBaeT UM Heobxoammyto nomolb. OQHaKo CaMOCTOATENBHOCTb CTYAEH-
TOB JOSKHa NpeBbiwaTb 06bem paboTbl, KOHTPONUPYEMOK NpenogaBatenemMm paboTbl, U UMETb
B CBOEN OCHOBE MHAMBUAYASbHYIO MOTMBaLMIO OBy4vatoLerocsi o Nosy4eHuto 3HaHuUm, Heobxo-
ANMbIX U OOCTaTOuYHbIX Ans 6yayuien npodeccruoHanbHOM AeATeENbHOCTUN B n3bpaHHoM cdepe.
MpenogaBaTenb Npy HEOOBXOOMMOCTM MOXET OKa3blBaTb COAENCTBME B BblpaboTke U KOpPpPEK-
UMM OaHHOM MOTMBALUK, NEXaLLEN B OCHOBE MOCTPOEHUSI CAMOCTOATENbHOW AeATENbHOCTM
CTyAEeHTa Mo N3YYEHUIO ANCLMMANHBI, NONYYEeHNIO HEOOXOANUMbIX 3HAHUIN U HABbLIKOB.

OcHoOBOM caMOCTOATENbHON PaboThl CAYXUT HAYYHO-TEOPETUYECKUIA KYPC, KOMMMEKC No-
NyYEeHHbIX CTyLEeHTOM 3HaHun. OCHOBHOW, Haumbonee 9KOHOMUYHOW OPMOWN MONYYEHUS W
YCBOEHMUSI UHpOPpMALMK, TEOPETUYECKMX 3HAHUIN B By3€ SBNSAETCA NEKUMsi, NO3BoNALas BOC-
NPUHATL 3HAYUTENbHYID CYMMY OCHOBHbBIX 3HaHUKM M MOTOMY CMOCOOCTBYHOLWAA MOBbLILLIEHUIO
NpoAYyKTUBHOCTU BCeEX Apyrmx oopm ydebHoro Tpyaa.



PesynbTaT 06y4yeHus 1 camoctoaTenbHOW paboThl CTyAeHTa npegnonaraeT Hanuyme crie-
AYIOLWMX COCTaBNALWMUX: MOHUMaHNE METOOOMNOrMYECKNX OCHOB MOCTPOEHUSA U3yvaeMblX 3Ha-
HWU; BblAeneHne rmaBHbIX CTPYKTYp yd4ebHOro Kypca; hopMmpoBaHne CPeACTB BblpaXKeHWUs B
AaHHoW obnacTun; NOCTpPOeHNe MeTOAMK peLleHns 3a4ay U opueHTauun B npobrnemax (cutyaum-
AX).

CawmocTosiTenbHasa paboTta cTygeHTa npu udydeHnn kypca «HaHoanekTpoHuka» BKItodYaeT
B cebs: NoAroToBKY M yyacTue B U3yHYeHUN TeopeTUHecKon HYacTu Kypca, NogroToBKy K NpakTu-
YEeCKUM 3aHATUAM, MOArOTOBKY K 9K3aMEHY.

15. Nepe4yeHb OCHOBHOW U AONOJSIHUTENIbLHON NUTEpPaTypbl, peCypcoB UHTEPHET, Heob6Xxo-
ANMbIX AN OCBOEHUA

a) ocHoBHasi nuTeparypa:

Ne n/n N CTOYHNMK

OparyHos B.1. Mukpo- n HaHoanekTpoHuka / B.I1. OparyHoB ; OcTtepTak [. N. — HoBo-
1 cnbupck : HITY, 2012 .— 38 c. // OnekTpoHHo-6nbnuoTteyHas cuctema. — URL :
http://biblioclub.ru

TposH N.E. HaHoanekTpoHuka / MN.E. TposH ; Caxapos FO. B. — Tomck : Tomckun roc-
2 YOAPCTBEHHbIN YHUBEPCUTET CUCTEM YNpaBreHns 1 pagmoanekTpoHukn, 2010 .— 88 c.
/l AnekTpoHHO-6MbnmnoTeyHas cuctema. — URL : http://biblioclub.ru

Lyka A.A. HaHoanekTpoHuka / A.A. Lyka .— 2-e n3a. (an.) .— Mocksa : BMUHOM. Ja-
6opatopus 3HaHun, 2012 .— 349 c. // AnekTpoHHO-6ubnmnoTeyHasa cuctema. — URL :
http://biblioclub.ru

BopuceHko B.E. HaHoanekTpoHuka: Teopus n npaktuka / B.E. BopuceHnko .— 3-e mnsag.
4 (an.) .— Mockea : BUHOM. JlTa6opatopus 3HaHun, 2013 .— 371 c. — (YuebHuk ans
BblCLIEN LIKONMbI) . // AnekTpoHHO-6ubnunotedHas cuctema. — URL : http://biblioclub.ru
WnwkuH, .. HaHoanekTpoHuka. dnemeHTbl, Npnbopsbl, yctponctea / I, LUWMWKKH ;
5 AreesB . M. — 2-e u3g. (an.) .— Mocksa : BMHOM. Jlabopatopusa 3Hanun, 2012 .—
413 c. // OnekTpoHHO-OnbnmnotedHasa cuctema. — URL : http://biblioclub.ru

0) npononHuTenbHasa nuTepaTypa:

Ne n/n M cTOYHMK
MpyHamaH M. OcHOBbI U3MKM NOMNYNPOBOAHUKOB. HaHomM3nKka 1 TexHn4eckue npu-
noxeHus = The Physics of semiconducto rs. An introduction including nanophysics and

6 applications / M. 'pyHamaH ; [nep.c aHrn. : N.B. BaHowuHa n gp.] ; nog pea. B.A. INep-
rens .— 2-e n3g. — Mocksa : ®uamatnut, 2012 .— 771 c.
7 KO M. OcHoBbl humsmkmn nonynposogHukos / . KO, M. KapgoHa ; MNep. N.W. PewwuHon;

Mog pen. B.IN. 3axapyeHs .— 3-e nsg. — M. : dusmatnut, 2002 .— 560 c.

Kynbumukun H.A. NonynpoBOAHMKOBbIE CBEPXPELLETKU: CBONCTBA, NPUMEHeHue : Y4yeb.
nocobue / H. A. Kynbunukmi, A. A. MenbHukos, A. B. Bonuexosckuin; M-Bo obpasoBa-
8 Hua Poc. ®egepauun. Mock. roc. MH-T PagUOTEXHUKWU, ONEKTPOHMKU U aBTOMATUKU
(TexH. yH-T). - M. : MockK. roc. VH-T pagnOTEXHUKN, 3NEKTPOHMKN N aBTOMAaTUKK (TEXH.
yH-T), 2000. - 79 c.

MonekynsipHo-ny4eBas anuTakcusa u retepoctpykTypbl / Moa pea. J1. Yenra, K. Mnora;

9 Mep. c anrn. XX.N. Andeposa, KO0.B. lLmapuesa .— M. : Mup, 1989 .— 581 c.
10 BopmoHTOB E.H. ®unsmka n metponorus MAMN ctpyktyp. BopoHex: N3a-so BIY, 1997.-
184 c.
AparyHoB B.IN. OcHOBbI HAHO3MNEKTPOHUKM : y4ebHoe nocobue ans cTyd. By3oB, 0Oyu.
11 Nno HanpaBnNeHuo "BNEKTPOHNKA U MUKPOINEKTPOHUKA", cneumanbHocTsaM "Mukpoanek-

TPOHMKA U TBepAOTENbHas anekTpoHmka" n "MukpocuctemHasn texHuka" / B. M. Opary-
HoB, W. I'. HensBecTHbIN, B. A. l'puaumH .— M. : dusmatkHura : Jloroc, 2006 .— 494 c.
®usnka HU3KopasMepHbIX cuctem : YyebHoe nocobue ang ctya. sysos / A. A. LWuk, J1.
12 . Bakyes, C. ®. MycuxuH, C. A. Pbikos; NMog obw,.pea. B.M.UnbuHa, A. A. Wnka .—
CI16. : Hayka, 2001 .— 154 c.

13 HdemunxoBckun B.A. ®nsmka KBaHTOBbIX HWU3KOpa3mepHbix CTpykTyp / B. A. Oemuxos-



https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4356&TERM=%D0%94%D1%80%D0%B0%D0%B3%D1%83%D0%BD%D0%BE%D0%B2,%20%D0%92.%D0%9F.%5B1,1004,4,101%5D&LANG=rus
http://biblioclub.ru/index.php?page=book&id=228941
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4356&TERM=%D0%A2%D1%80%D0%BE%D1%8F%D0%BD,%20%D0%9F.%D0%95.%5B1,1004,4,101%5D&LANG=rus
http://biblioclub.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4356&TERM=%D0%A9%D1%83%D0%BA%D0%B0,%20%D0%90.%D0%90.%5B1,1004,4,101%5D&LANG=rus
http://biblioclub.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4356&TERM=%D0%91%D0%BE%D1%80%D0%B8%D1%81%D0%B5%D0%BD%D0%BA%D0%BE,%20%D0%92.%D0%95.%5B1,1004,4,101%5D&LANG=rus
http://biblioclub.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4356&TERM=%D0%A8%D0%B8%D1%88%D0%BA%D0%B8%D0%BD,%20%D0%93.%D0%93.%5B1,1004,4,101%5D&LANG=rus
http://biblioclub.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=4567&TERM=%D0%93%D1%80%D1%83%D0%BD%D0%B4%D0%BC%D0%B0%D0%BD,%20%D0%9C%D0%B0%D1%80%D0%B8%D1%83%D1%81%5B1,1004,4,101%5D&LANG=rus

ckun, . A. Byranbtep .— M. : Jloroc, 2000 .— 246 c.

KpaBueHko A.®. ONeKTpoHHbIE MPOLECCHI B TBEPAOTENbHbLIX CUCTEMAX MOHWKEHHON
14 pasmepHocTh / A. ®. KpaueHko, B. H. Osctok .— HoBocubupck : N3g-8o HoBocnb.yH-
Ta, 2000 .— 447 c.

B) MH(POPMALMOHHbIE 3NEKTPOHHO-06pa3oBaTerbHblE pecypchbl (0hrumnanbHble Pecypebl UHTEPHET) :

Ne n/n NCTOYHNMK

15 MopTan OnekTpoHHbIM yHMBepcuteT BI'Y <https://edu.vsu.ru>

16 http://www.lib.vsu.ru — 3HB BI'Y

17 OnekTpoHHasa 6ubnunoTteka y4ebHO-MeToan4YeCcknx matepuanos BI'Y
http://www.lib.vsu.ru/cgi-bin/zgate?Init+lib.xml,simple.xsl+rus
18 Caunt www.aiportal.ru NopTan MCKYCCTBEHHOIO MHTEeNeKTa
dursnyeckme OCHOBbLI KPEMHUEBOW HAHOANEKTPOHUKN [QNEKTPOHHLIN pecypc] : y4eb-
Hoe nocobue gns By3oB / I. WN. 3ebGpeB. — 3-e nsg. (an.). — ONEKTPOH. TEKCTOBbLIE
AaH. (1 dann pdf : 243 c.). — M. : BUHOM. llabopaTtopusa 3HaHui, 2015. — (HaHoTex-
HOJornm).
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16. NMepe4veHb y4e6HO-MeTOAMYECKOrO 06GecneyeHUs Ans caMoCToATeNIbHOW paboThl

Ne n/n NcTovyHuK

N3yyeHne yrnepoaHbiX HAHOTPYOOK MEeTOAOM CKaHMPYHOLLEN 3NEeKTPOHHON MWKPOCKOMUMU :
y4yebHO-MeToamMyeckoe nocobure ons By30B : [4NsA cTyA. 3 K. AHEB. OTA-HUSA, AnA cneynanbHo-
1 ctn: 010803 - MuKPOSMNEKTPOHMKA U NONYNPOBOAHMKOBbIE Mpnbopbl; HanpaeneHusa 210600 -
HaHoTtexHonorus] / BopoHex. roc. yH-T ; cocT.: KO.B. Cokonos, J1.A. butioukas , E.H. bop-
MOHTOB .— BopoHex : UIML BI'Y, 2010 .— 23 c. : un. — bubnwuorp.: ¢.23.

AkoseHko H.B. CamoctodatensHas paboTa CTygeHTOB : MeTogmyeckue pekomeHgauum / H. B.
AkoseHko, O.H0. Cywkoa .— BopoHex, 2015 .— 22 c.

17. Obpa3soBaTenbHble TEXHOMOIMU, UCNoNb3yeMbie ONA peanu3auum y4ebHon aucum-
NSIMHbI, BKNOYasa ANCTaHUUOHHbIe obpa3oBaTtenbHble TexHonoruu (AOT), anekTpoHHoe
oby4eHue (30), cmewaHHoOe oGy4eHume:

Peanusauus AUCLMNNMHBI C TPUMEHEHMEM 3MIEKTPOHHOrO 0BYYEeHUss U AUCTaHLMOHHBLIX obpa3oBaTenb-
HbIX TEXHOSOIMI OCcyLLeCcTBNAeTCA Yepe3 obpasoBaTenbHbl nopTan "OnekTpoHHbIN yHuBepcuTeT BIY",
kypc «HaHoanekTpoHukay: https://edu.vsu.ru/course/view.php?id=11418

18. MaTepnanbHoO-TeXHUYECKOE obecneyeHme AUCLUNIINHDI:

YyebHaa ayguTtopus 4ns NpoBeAeHUst 3aHATUA NIEKLMOHHOMO Tuna - MynbTUMeAnnHbIA KabuHeT kaden-
pol ®MNMM3: CtaumoHapHbIi MynbTUMeANnHBIN NpoekTop AcerX125H — 1 wrt., HoyTbyk emachines
€510 — 1 wr.; y4ebHbin punbm «Ha nytn k HaHoTexHonormam» (MicrosoftWindows 7, gorosop 3010-
15/207-19 ot 30.04.2019)

NaBopaTopus BblYUCAUTENBHBLIX CUCTEM W MaTemaTudeckoro mogenuposaHusa: CepBep Ha Gase 2-x
npoueccopoB Xeon E5-2620 v3. — 1 wrt., komnbtoTepbl HPProDesk 400 G6 SFF — 9 wT., KOoMNbOTEPDI
PentiumDualCore - 2 wT. (Microsoft Windows 7, Windows 10 gorosop 3010-15/207-19 ot 30.04.2019)
Ayautopust ana camoctosTenbHon paboTbl cTyaeHToB: Cepsep Ha 6ase 2-x npoueccopoB Xeon E5-
2620 v3. — 1 wr., komnbtoTepbl HPProDesk 400 G6 SFF — 9 wr., komnbtoTepbl PentiumDualCore - 2 wr.
, NOAKMoYeHHble K ceTn WHTepHeT n ¢ obecneyeHvem OOCTyna K 3fEKTPOHHOW  UHMOPMAaLMOHHO-
obpasoBaTtensHon cpege BIY (Microsoft Windows 7, Windows 10 pgorosop 3010-15/207-19 ot
30.04.2019)



http://www.lib.vsu.ru/
http://www.lib.vsu.ru/cgi-bin/zgate?Init+lib.xml,simple.xsl+rus
http://www.aiportal.ru/
https://lib.vsu.ru/zgate?ACTION=follow&SESSION_ID=3890&TERM=%D0%AF%D0%BA%D0%BE%D0%B2%D0%B5%D0%BD%D0%BA%D0%BE,%20%D0%9D%D0%B0%D1%82%D0%B0%D0%BB%D0%B8%D1%8F%20%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80%D0%BE%D0%B2%D0%BD%D0%B0%5B1,1004,4,101%5D&LANG=rus

19. OueHo4HbIe cpeacTBa ANsA NpoBeAeHUs TeKyLWen U NPOMEXYTOYHOM aTTecTauumn

MopsiAoK OLEeHKM 0CBOEHMS 0D0yYatoLWmMMncst y4eOHOro MaTepuana onpeaensieTcs co-
AepXXaHueM criefyoLwmx pa3genos AUCLUNIIMHGI

NugunkaTto-
Ne HanmeHoBaHune Komne- pbl AOCTH- OueHo4Hble
n/n pasgena gucumnnuHbl TeHUMA YXEHUSA KOM- cpeacTsa
neTeHumm
1 | BeegeHvie. PasvepHoe kBaHTOBaHue. Oc- OMK-1.1
HOBHbIE TUMbl HAHOCTPYKTYP U UX kBaHToBO- |  OrK-1 OI'IK-1.2 na6.pabotbl 1-3
MexaHu4eckme mogenu '
2 | ONeKTpOHHbIE CBOWCTBA KBAHTOBbLIX HAHO- OMK-1.2
CTPYKTYP OrlnK-1 OI'IK-1.3 nab.paboTbl 4-8
3 | KuHetnyeckne adbdekTbl B HAHOCTPYKTY- OnK-1.2
pax; KBaHToBbIN adhdhekT Xonna OrK-1 OlnK-1.3 nab.pabotbl 2-4
4 | IHTepdepeHUNOHHbLIE U ME30CKONMM4YecKne onK-1 OrllK-1.2
abdekTbl B HAHOCTPYKTypax. bannuctnye- onK-2 OlK-1.3 nab6.paboTbl 2-4
CKWI TpaHcnopT OrkK-2.1
5 | OnTnyeckne CBOMCTBA KBAHTOBbIX HaHO- OnK-1 OMK-1.3
CTPykTyp. [eTeponasepbl Ha KBaHTOBbIX OMK-2 OI'IK—2-1 nab6.pabotbl 2-4
SIMax M KBAHTOBbIX TOYKaX ]
6 | Pe3oHaHCHOE TyHHenupoBaHue 1 npubops ) OfllK-1.3
Ha ero ocHoBe SHE% OrK-2.1 nab.paboThl 5, 6
OrK-2.2
7 | TyHHenMpoBaHue B YCNOBUAX KYyITOHOBCKOM ONnK-2.1
6riokagpl. OHO3NEKTPOHMKA OnK-2 OMK-2.2 nab.paboTs 5, 6
8 | MarHuTHble HaHOCTPYKTYypbl. CNMHTPOHMKA. OnkK-1 OMNK-1.1 6.0a6 1-3
MepcnekT1BLI HAHO3NEKTPOHMKM OMK-2 OnK-2.1 1ab.paboThkl 1-
lNpomexxyTouHasa aTTecTaumns: gopma KOHTPOSS - 3K3aMeH Komnnekt KUM

20. TunoBble OLEHO4YHbIE cpeaAcTBa U MeToAuYecKue matepuansl, onpegensilowme npo-
Leaypbl OLeHUBaHUA

20.1 TeKywWMN KOHTPOJSb yCNeBaemMocTu

[na Tekywero KOHTPOMNsl yCneBaemMoCTM WUCMONb3yeTCs YCTHbIA OMpOC, OTYETbl O XoAe
BbINOSIHEHMS KOHTPOIbHBLIX M NTabopaTopHbIX paboT. NpomexyToyHas aTtTectauus no Auvcum-
nnMHe — 9Kk3ameH. B  npunoxeHne Kk  OUNAOMYy  BHOCUTCS  OUEHKa  omiiuy-
Ho/Xx0powo/ydosriemeopumersbHo.

OueHka ypOBHSI OCBOEHUSI AUCUMNIIMHBbI «Pr3MKa MNonynpoBOAHMKOBY OCYLLECTBMSIETCS MO
crneayowmM nokasaTensm:
- BbINOJIHEHNE 3aJaHU NPpaKTU4YecKnx pabor;
- KA4YeCTBO N CBOEBPEMEHHOCTb BbINOMHEHUS NabopaTopHbIX paboT;
- MOSIHOTa OTBETOB Ha BOMPOCHI KOHTPOSIbHO-M3MEPUTENBHOIO MaTepuana;
- MOSTHOTa OTBETOB Ha AOMNONHUTENbHbIE BOMPOCHI.
Kputepumn oLeHkn 0CBOEHUSA ANCUMMMHBLI « HAHO3NEKTpOHMKay:
— OLEeHKa «OmJ/u4yHO» BbICTABISAETCA MPU MOSIHOM COOTBETCTBUM paboTbl CTyAeHTa
BCEM BbllleyKa3aHHbIM nokasatensam. CoOoTBETCTBYET BbICOKOMY (YrnybneHHOMY) YpPOBHIO



ChOpMMPOBAHHOCTN KOMMETEHLNA: KOMNETEHLUMN CHOPMUPOBAHbLI MONHOCTBLIO, MPOSABMAAIOTCSA U
NCNOSMb3YITCA CUCTEMATUYECKM, B NONTHOM ob6beme. [JaHHbIN YpOBEHb NPEBOCXOAUT, NO Kpam-
Hen mepe, N0 OOHOMY U3 MEPEYUCIIEHHbIX Bblle nokasaTerie NoBbIWeHHbIA (MPOABUHYTHIN)
YPOBEHb;

— OLeHKa «Xopowo» BbICTaBnseTCcs B criydyae, ecnu pabota cTygeHTa npu OCBOEHUU
ANCUMNIIMHBI He COOTBETCTBYET OAHOMY W3 MEepeyYUCreHHbIX MnokasaTtenem wunu B cnydae
npegocTaBneHnsa oT4eToB Mo nabopatopHbiM paboTaM MNoO3XKe YyCTaHOBIIEHHOro cpoka. CooT-
BETCTBYET NOBbILUEHHOMY (NPOABUHYTOMY) YPOBHIO CHOPMUPOBAHHOCTU KOMMETEHUUIN: KOMMe-
TeHUMN B UerioM CPOpPMUPOBaHbI, HO MPOABMAATCA U UCMNOMb3YTCA (PparMeHTapHO, He B
nosiHom ob6beme. [JaHHbIM YPOBEHb MPEBOCXOANT, NO KpPanHEN mepe, No OAHOMY U3 nepednc-
NEHHbIX BbILLe nokasaTenen noporosbin (6a3oBbi) ypOBEHb;

— OUeHKa «ydosriemeopumesibHO» BbICTaBNSAETCA B criyvyae, ecnun paboTa cTygeHTa npu
OCBOEHUWN ANCUUNSINHBI HE COOTBETCTBYET MtoObIM ABYM M3 NepedncrieHHbIx nokasartenen. Co-
OTBETCTBYET NMOporoBomy (6a3oBoMy) YPOBHIO CHOPMUPOBAHHOCTN KOMMETEHLMI: KOMMNETEH-
unm ccpopmMmpoBaHbl B 00LMX YepTax, NPOSABASAIOTCHA U UCNOSb3YOTCA CUTYaTUBHO, YaCTUYHO.
HaHHbIn ypoBeHb obsa3aTeneH And BCexX OCBauMBalOLMX OCHOBHYK obpasoBaTernbHyK Mpo-
rpammy;

— OLEeHKa «HeydoBMneTBOPUTENbHO» BbICTABNAETCA B Cllydyae HeCOOTBETCTBMS paboThbl
CcTygeHTa BceM nokasaTesisiM, ero HeopraHn3oBaHHOCTH, 6€30TBETCTBEHHOCTU U HU3KOrO Ka-
YyecTBa paboTbl NPU BbINOSIHEHUM NTabopaTopHbIX paboT, NPeayCMOTPEHHbBIX NPOrpamMMon Auc-
LUUNSINHBI.

®akT HeBbINOMHEHNA TpeboBaHUN, NPeabABNSEeMbIX K CTYAEHTY NpuU OCBOEHUU AUCLU-
NAnHblI «Pr3nka NONynpPoOBOLHMKOB» U OTPaXEHHbIX B BblLLeNepeyYncrieHHbIX Kputepusx, ouk-
cupyeTcs B BEAOMOCTU OLEHKON Heyd08/1iemeopumesibHo.

Ecnun cTygeHT He ocBamBaeT AUCUMMINHY B YCTAHOBIIEHHOM MporpamMmMon obbeme u B
CpOKW, onpeaeneHHble rpadmkomM y4ebHOro npouecca, OH He OOoMnycKaeTcs K MPOMEXYTOYHON
aTTecTtauuu no gaHHomy Buay y4ebHon paboThbi.

YpoBeHb
Kputepun oueHnBaHUA KOMMNETEHLMIA ccopmumpo- LLikana oueHok
BaHHOCTU
KOMMEeTEHLU N
Ob6yuvatowminca B NosHONM mMepe BnageeT NOHATMWHBLIM annapa- | [loBblweH- OT1nuyHo

TOM [OaHHON obracT Hayku (TEOPeTUYECKUMU OCHOBAMU OWUC- | Hbll YPOBEHb
UMNNKHBI), CcnocobGeH  WIMCTpUpoBaTb OTBET NpuMepamu,
hakTamu, OaHHbIMW Hay4HbIX UCCNEAOBaHWUNA, NMPUMEHSTb Teo-
peTuyeckne 3HaHNs ANns peLleHns npakTU4ecknx 3aaad

Ob6yvatowminca BnageeT MOHATUNHBLIM annapaTtoM AaHHoW 06- BaszoBbin XopoLuo
nacTun Hayku (TeopeTu4ecKkMMM OCHOBaMu OUCLMMNIIMHLI), AoMNycC- YPOBEHb

KaeT He3HaunTenbHble OWNOKN MpU BbIMNONTHEHUN MPAKTUYECKNX

3agad

Obyualowminca BnageeT YacTUYHO TeopeTudeckMMmn ocHoBamu | [Moporosbiv YposneTsopu-
ANCUMNANHBI, dparMeHTapHO CrnocobeH BbINOMHATL NpakTuye- YPOBEHb TenbHO
CKue 3agaHuns

OTBET Ha KOHTPOSIbHO-U3MEPUTENBHLIV MaTepuan He COOTBET- - HeynosneTtsopwu-
cTByeT NobbIM TpeM (YeTbIpeM) M3 NepeyncrieHHbIX nokasare- TernbHO

nen. OByyalowmica OEMOHCTPUPYET OTPbIBOYHbIE, (hparmeH-
TapHble 3HaHusA, JonyckaeT rpydble oWwnbKM NpM NPOeKTUpoBa-
HUW NPaKTUYECKNX 3adau




19.3 TunoBble KOHTPOSbHbIE 3aaHMA U UHbIe MaTepuanbl, HeO6XoAUMbIEe OISl OLLEHKM
3HaHMW, YMEHUW, HaBbLIKOB U (MNK) onbiTa AEATEeNbHOCTU, XapaKTepuywlive 3Tanbl
copmMupoBaHMA KOMNETEHLUN B NpoLecce 0CBOEHUA obpa3oBaTeNibHOW NpPOorpaMmmbl

Mepe4vyeHb BonpocoB K 3k3ameHy (Komnnekt KUM):
KoHTponbHO-u3meputenbHbIin maTtepman Ne 1

1. OCHOBHbIE TUMbl HU3KOPaA3MepPHbIX CTPYKTYp. KBaHTOBblE AMbI, HUTWU, TOYKW. [Monynpo-
BOJHUKOBbIE CBEPXPELLETKM.
2. O(phekT pe3oHaHCHOro TYHHENUPOBaHUS. YCNoOBUS peanu3aumm TYHHENUPOBaHUSA C
€ANHNYHON BEPOATHOCTLIO.

KoHTponbHO-u3meputenbHbin matepuan Ne 2

1. NonynpoBOAHUKOBbIE CTPYKTYPbl C ABYMEPHbIM 3MEKTPOHHbIM razom (MAlM-cTpykTypbl, oan-
HOYHbIE N OBOWHbIE reTePOCTPYKTYpPbI, O-Crion).
2. BAX oByx6apbepHOM KBAHTOBOW CTPYKTYpbl. P€30HAHCHO-TYHHENbHbIE ANOAbLI U TPAH3UCTO-
pbl.
KoHTponbHO-u3meputenbHbin matepmuan Ne 3

1. MpuHUMN pasmepHOro KBaHTOBaHUA.
2. Pe30HaHCHO-TYHHENbHbIX TPAH3UCTOP Ha KBAHTOBOW TOYKE.

KoHTponbHO-u3meputenbHbin matepuan Ne 4
1. YcnoBsus HabnogeHnst KBaHTOBO-pa3MepHbIX 30 dEKTOB.
2. Ocumnnaumm Banbe-LUTapka B nonynpoBOAHWMKOBBIX cBepXxpelleTkax. BAX MHoroba-
PbEPHbIX KBAHTOBbLIX CTPYKTYP.

KoHTponbHO-u3meputenbHbin matepmuan Ne 5

1. QHepreTNYecKnin CNekTp 3MeKTPOHOB B ABYMEPHbIX CUCTEMAaX
2. Pe3oHaHCHOe TyHHenupoBaHWe B cBepxpelueTkax. BAX MHoroGapbepHbIX KBaHTOBbIX

CTPYKTYPp.
KoHTponbHO-uamepurtenbHbIn MmaTtepuan Ne 6

1. OHepreTU4ecKUn CNeKTp INEeKTPOHOB B OOHO- U HYyINIbMEPHbLIX CUCTEMAX.
2. KynoHoBckas brnokaga TyHHenMpoBaHus. Ycrnosusa HabnoaeHmsa addgekra.

KoHTponbHO-u3meputenbHbin matepuan Ne 7
1. MNMNOTHOCTb KBAHTOBbLIX COCTOSIHUA B 4BYMEPHOMN 3NIEKTPOHHOM CUCTEME.
2. BAX acMMMEeTpUYHOM CUCTEMbI U3 OBYX TYHHElbHbIX KOHTAKTOB B YCITOBUSIX KYNOHOB-
ckon 6nokaabl. MexaHnam obpasoBaHus CTyNeHen «KyrOHOBCKOW NECTHULbIY.

KoHTponbHO-nameputenbHbin matepuan Ne 8

1. IMNOTHOCTbL COCTOSAHUIN B O4HOMEPHOMN U HYSIbMEPHOW 3NEKTPOHHBIX CUCTEMAX.
2. OOHO3MEeKTPOHNKa (OCHOBHbIE MAEW).



KoHTponbHO-nameputenbHbin matepuan Ne 9

1. KoHueHTpauna HocuTenen sapsaga B ABYMEPHOW CUCTEME.
2. CnnHTpoHMKa. ObLan xapakTepucTuka yCTPONCTB, NCNOSb3YIOWNX CMMH-3(GEKTHI.

KoHTponbHO-u3meputenbHbin matepuan Ne 10

1. KoHueHTpauus Hocutenei 3apsiaa B OQHOMEPHOW CUCTEME.
2. [uraHTCKOE MarHeToConpOTUBIIEHNE U TYHHENBHOE MarHMToconpoTmereHne. CnnMHOBLIN
KnanaH.

KoHTponbHO-nameputenbHbin matepuan Ne 11

1. Ocumnnaumm nnoTHOCTU COCTOSIHUM B TOHKOW MNIIEHKE MNpU U3MEHEHUN €€ TOMLUMHbI.
PasmepHble aBneHuA.
2. bynonsapHbIN CMMHOBLIN TPaH3UCTOP.

KoHTponbHO-nameputenbHbin maTtepuan Ne 12

1. DHepreTnyecKknin cnekTp M MAOTHOCTb COCTOSIHUW ABYMEPHbIX 3NIEKTPOHHbLIX CUCTEM B
KBaHTylOLWEM MarHUTHOM Mofe.
2. Cn1MHOBLIN NOMEBOW TPAH3UCTOP.

KoHTponbHO-u3meputenbHbin matepuan Ne 13

1. LlenouncneHHbin kBaHTOBbIN adhdpekT Xonna. Obwume ceeneHus. Ycnosusa HabnogeHns
N pesynbTaTbl 3KCcnepumeHTa. MNposBneHne MMpoBbIX NOCTOSAHHLIX (€, h).
2. DdbdbekT «BCnnecka» ApendoBon CKOpoCTU. bBannuctTnyecknin TpaHCnopT.

KoHTponbHO-u3meputenbHbin matepman Ne 14

1. MHTepnpeTauusa uenoymcrneHHoro kBaHtooro adpdpekra Xonna (LUK3X). Odpdektbl no-
kanusaumm n ux pons B LIKOX. AprymeHTbl Jlachnuna.

2. YcTponcTBa, ucnosnbayloLmne oCobeHHOCTU 6annnMcTMyeckoro TpaHcnopTa B ABYMEpPHbIX
CTPYKTYypax.

KoHTponbHO-u3meputenbHbin matepuan Ne 15

1. Apo6GHbIn kBaHTOBbLIN ahhekT Xonna. CyTb ABNEeHUs, yCnoBusa HabntogeH st N ero kaye-
CTBeHHas nHTepnpetauuns. KoMnoanTHble (hepMUOHBI.
2. [eToponasepbl C KBAHTOBbLIMU SIMaMU Y KBaHTOBbLIMW TOYKaMM

MNepeyeHb NnabopaTopHbIX paboT:

JlabopaTtopHas pabota Nel. Pacuet koadhdumumnmeHTa nponyckaHns 0gHOMEPHOro KBaHTOBOIO
noTteHumanbHoro 6apbepa Tuna «CTyneHbka»

INabopatopHas pabota Ne2. MogenupoBaHue TyHHenNbHOro acddekTa Ha NnpMMmepe O4HOMEpPHO-
ro KBaHTOBOIro nNpsimoyronsHoro 6apoepa (4.1)

NabopatopHas pabota Ne3. MogenupoBaHue TyHHenNbHOro adpdekTa Ha NnpMMmepe O4HOMEPHO-
ro KBaHTOBOIro NpsimoyronsHoro 6apbepa (4.2)



NabopaTtopHasa paboTta Ne4. PacyeT cnekTtpa paspelleHHbIX dHEPreTUYecKnx YpoBHEN OfHO-
MEPHOW KBAHTOBOM MPSIMOYTOfbHOM sIMbl KOHEYHOW ryOUHBbI

INabopatopHas pabota Ne5. MogenupoBaHue adpdekta pe3oHaHCHOro TYHHENUPOBAHUS Ha
npumepe OLHOMEPHON CTPYKTYpbl U3 ABYX KBAHTOBOCBSA3AHHbLIX MPSIMOYrofibHbiX 6apbepos
4.1)

JTabopaTtopHasa pabota Ne6. MopenupoBaHue addeKkta pPe3oHaHCHOro TYHHENUPOBaHUA Ha
npumepe OAHOMEPHOW CTPYKTYpPbl M3 ABYX KBAHTOBOCBSI3@HHbIX MPSMOYrofibHbIX GapbepoB
(4.2)

INNabopatopHasa pabota Ne7. MogenvpoBaHue 3HepPreTMYEeCcKoro CnekTpa CBepXpeLleTkn ¢ Uc-
nonb3oBaHnem mogenu Kpoxura-fexum (4.1)

INNabopatopHasa pabota Ne8. MogenvpoBaHue 3HepPreTU4eCcKoro CrnekTpa CBepXpeLleTkn ¢ Uc-
nosnb3oBaHnem mogenu Kpoxura-fexum (4.2)

OueHka 3HaHWU, YMEHUA N HABbIKOB, XapakTepuayowas aTanbl GopMMPOBaAHUSA KOMMETEH-
UMM B paMKax U3yyeHust QUCLUNIIMHBLI OCYLLIECTBIISIETCA B XOAE TEKYLLEN U NPOMEXYTOYHOM aT-
TecTtauumn.

Tekywas aTrectauus NpoBoaUTCA B COOTBETCTBUM C [1onoXeHnemM O TeKyluen aTTectaumm
obyyvarLmxcst No nporpammMam Bbicllero obpasoBaHmMs BopoHEXCKOro rocyaapCTBEHHOIO YHU-
BepcuTeTa. Tekywas atTectaumsi NnpoBOANTCA B popMax. ycmHo20 orpoca (UHOusudyaribHbIU
oripoc); ebirosHeHue nabopamopHeix pabom. Kputepum oueHnBaHna NpuBEOEHbI BbILLE.

lMpomexyTouHasa aTTecTaumsa NpoBOAUTCS B COOTBETCTBUM C [MONOXKEHMEM O NPOMEXKYTOY-
HOW aTTecTauumn oby4daroLmxcsa No NnporpaMmmam BbicLlero o6pasoBaHumsS.

KOHTpOJ'IbHO-I/I3MepI/ITeJ'IbeIe MaTtepuarsbl npomemyTquoﬁ aTtTecTauum BKIo4valT B cebs
TEeopeTn4eCckme BOMpPOCHLI, MOo3BOJidl0WLNE OLUEHUTb YpPOBEHb MNOJTY4YE€HHbIX 3HaHMN, NO3BOSISAIO-
lne oueHnTb CTeneHb Cq)OpMI/IpOBaHHOCTVI ymeHvu7|, HaBbIKOB, U ONbIT OEATEJIbHOCTU B YCI10-
BUAX NPON3BOACTBA n3genumn GHGKTpOHHOIZ TEXHUKN.

I'Ipm oueHnBaHUM NCNOJb3YKTCA KOJIMYECTBEHHDbIE LLUKaribl OLEHOK. KpI/ITepl/ll/I oueHnBaHuA npu-
BeeEHbl BbILLE.



