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Mporpamma oucuunnmHel "CneuunanbHbin douanyeckuii npakTukym”; 03.04.02 duanka; BoueHT, K.H. (aoueHT) JemnHos P.I.

MporpamMmy aucumnanHbl paspaboTan(a)(n) ooueHT, K.H. (aoueHT) demnHos P.I". Kadenpa
TeopeTmnyeckon cpunamkn OTaenerHne pusmkn , Raphael.Deminov@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

Llenbto ocBoeHmsa gucumnanHbl "CrneunanbHblid U3nYecknii NpakTukym" SBAsOTCS U3ydYeHme
TEOPETNYECKMX OCHOB (PU3MKMN KBAHTOBbIX HN3KOPA3MEPHbIX CTPYKTYP, NprnobpeTeHne HaBblkoB
BbI4MCNIEHNSA PA3NTMYHBIX CBOWNCTB TakMX CUCTEM.

2. MecTo OUCLMN/MNHDLI B CTPYKTYpe OCHOBHOM o6pa3oBaTtenibHOM NPorpaMmbl BbiCLLEro
npodpeccrmoHanbHoro o6pa3oBaHus

[aHHas yuebHas gucuunnvnHa BkntodeHa B pasaen " 51.6.4 OucumnnvHel (Mogynm)" OCHOBHOM
obpaszosatenbHoi nporpammbl 03.04.02 dusnka n oTHOCMTCS K 6a30B0I (06WenpodeccnoHanbHoM)
yactun. OcBauBaeTtcs Ha 1 kypce, 1, 2 cemecTpbl.

OvcumnnuHa BxoomT B 6a30Byto 4acTb obweHay4yHoro umkna (M1). [nsi ocBOEHUS ANCLMMANHDI
HeobXx0MMbl 3HAHNS AUCLUMMNVH: KBAHTOBAs MexaHuka, ctatucTnieckas gouanka, KBaHToBasi Teopus
TBEepaoro Tena. OCBoeHMe ANCUMNAMHBI He06X0OMMO ANS U3YYEeHNSt AUCLUMMINH, CBSI3aHHbIX C
PU3NKOI KOHAEHCUPOBAHHOIO COCTOSIHMSA (B YACTHOCTW, TEOPETUYECKMX OCHOB CMIMHTPOHUKM U
METOA0B KBAHTOBOW TEOPUM NOMS B CTATUCTUYECKOWN (OU3UKE), U ANS YCNEWHOo NpodecCuoHanbHou
LEeSTENbHOCTH.

3. KomneteHuuu obyyatrowierocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwmne KOMNETEHUNN:

PacwmcpoBka
LLincpp komneteHumu npuobpeTaeMor KOMNeTeHLUN

OK-3 rOTOBHOCTbIO K cCaMOpasBnTUO, camopeannaaumm
(0BwekynbTypHbie NCMNONb30BaHNIO TBO pL|e0|<oro HOTeHupmana ’
KOMMNEeTEeHUnK) P
OlK-3 CMOCOOHOCTbLIO K aKTUBHOW coLManbHOM MOOUIbHOCTM,
(npodbeccmoHanbHble opraHuM3auumn Hay4yHo-1uccnenoBaTenbCKMX N MHHOBALMOHHbIX
KOMMEeTEHLMN) pabot
Ol1K-4 CMOCOOHOCTBIO aAanTMPOBaTbCS K UBMEHEHNIO HAayYHOro
(npodhbeccmoHanbHble npodouns cBoer NPoeCcCnNoHanbHOM OeATeNbHOCTH,
KOMMNEeTEeHUnK) COLMOKYNbTYPHbIX 1 COLMaNbHbIX YCNOBUIA OeATENbHOCTH
OlK-6 CNoCOBHOCTbLIO UCMOMNb30BaTh 3HAHUS COBPEMEHHbIX MPObnem 1
(NMpodpeccmoHanbHble HOBENWNX OOCTUXEHUN (PU3UKN B HAYYHO-UCCNEen0BaTENIbCKOM
KOMMeTeHLMN) paboTe

CMOCOOHOCTbIO CaMOCTOATENIbHO CTABUTb KOHKPETHbIE 3a4a4n
MK-1 Hay4HbIX UCCNenoBaHUn B 06nacT on3nkn 1 pewarb UX C
(npodhbeccmoHanbHble MOMOLLbIO COBPEMEHHOW annapartypbl U MHOPMALMOHHbIX
KOMMNEeTEHUNI) TEXHONOrN C NCNONb30BaHNEM HOBENLLETO OTEYECTBEHHOro U

3apybexHoro onbiTa
AK-2 cnocobHoCTbio CBOHOAHO BNaneTb pasaenamm pusmkiu,

HeobxooVMbIMU 019 PEeLeHna HayYyHO-MHHOBALMOHHBIX y, n
(npodbeccmoHanbHble eobxon Ans pele ay4Ho oBauno sanad,

NPUMEHSATb Pe3ynbTaTbl HAYYHbIX UCCNEenOBaHNIA B
KOMMeTeHuunn) 2

WHHOBALMOHHON OEeATEeNbHOCTU
MK-4 CMOCOBHOCTBIO NNAHNPOBATb U OPraHM30BbIBATL HU3NYECKME
(MpodpeccuoHanbHbie nccnenoBaHus, Ha ‘-IHpre ceM|/|Hap bl 1 KOHPepeHLUN
KOMMeTeHuunn) > Hay P P
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PacwudpoBka
LLincpp komneteHumu npuobpeTaeMor KoMneTeHLUU

MK-5 CMOCOBHOCTBIO MCMOJb30BaTb HABbIKK COCTABIEHNS U
(npodheccunoHanbHble 0OOPMNEHNS HAYYHO-TEXHNYECKOM OOKYMEHTaLNN, Hay4HbIX
KOMMeTeHuunm) oT4eToB, 0630POB, AOKNALOB U CTATEN
MK-6 CMOCOBHOCTBLIO PYKOBOAUTb Hay4YHO-UCCNEenoBaTeNbCKOW
(npodbeccmoHanbHble L0EesTeNbHOCTbIO 0byyatoWwmxcs MnaawWmnx Kypcos B 0bnactm
KOMreTeHuunn) don3nKn

B pe3ynbTare oCBOEHNA OUCUNMIINHDBI CTYOEHT:

1. DONXeH 3HaThb:

TEOPETNYECKME OCHOBbI (PM3MKN HU3KOPA3MEPHbIX CTPYKTYP

2. DONIXEH yMeTb:

MCMNOoNb30BaTh 3HAHME TEOPETUYECKUX OCHOB CPU3NKN HN3KOPaA3MEPHbIX CTPYKTYP Npu aHannse

pas3nn4YHbIX aPIEKTOB B HU3KOPa3MEpPHbIX CTPYKTypax

3. 0ONXEeH BnageThb:

HaBblKaMW BblHNCJTIEHNA PA3/INYHbIX CBOWCTB HN3KOpa3MepPHbIX CUCTEM

4. nONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

K QanbHenweMy oby4eHunto

4. CTpyKkTypa 1 cogepxaHue AUCLUNMUHBI MOAyns
Obuwas Tpy[0EMKOCTb AUCLIMIMIIMHBI COCTaBNSEeT 5 3a4eTHbix(ble) eanHuL(bl) 180 yaca(os).
dopMa NPOMEXYTOYHOIr0 KOHTPONS AMCUUNANHBI OTCYTCTBYET B 1 CEMECTpeE; 3a4eT BO 2 CEMECTpeE.

CyMMapHo no aMcumnanHe MoxHo nony4ntb 100 6anno., U3 HUX Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANst AOMNycKa K 3a4eTy

28 6annos.

86 6annos n bonee - "oTANYHO" (OTN.);
71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpuUTENBHO" (YAO0B.);
54 6anna n MeHee - "HeyOBNETBOPUTENBHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl Mo AUCLMNIMHE/ MOAYNIO
TemaTnyeckum nnaH gUCUUNMNAUHBI/MOAYNA

Buabl n yachbl
Pasgen ayauTopHom paborbl,
Henens MX TPYLOEMKOCTb Tekywme dhopMbi
N .D.MKIIL:)V‘IJ‘I'IVJLI;HH/ Cemecrpcemcha (8 uacax) yusne o
neKu““nPaKT"‘lecxuenaﬁopaTopHue
3aHATUNA paﬁoTH
Tema 1. OCHOBHbIE
- M HTaUNS

1.|TMNbl HA3KOPA3MEPHbIX 1 3 0 0 10 pe3eHTal

KBaQHTOBbIX CTPYKTYP.
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Buabl 1 yacbl
Paanen ayauTopHoOW paboTbl,
Henens UX TPYA0EeMKOCTb Tek e co
N 'D'"Knu"m:.:;%'/ C("w'echceM‘c;'crpa (B yacax) \{("c';":Tngmpr'
ony Mek M"I'IpaK'rw-lecmeHaﬁoparoprle
u 3aHATUA pa601b|

Tema 2. KBaHTOBas
2.|MexaHuKa npocTenimx 1 4-5 0 0 12 MNpeseHTauus

CTPYKTYP.

Tema 3. KBaHTOBbIE
3.|cocTosHMS B 1 6-8 0 0 14 MNpeseHTauus

reTepocTpykTypax.

Tema 5. Ontuka MpeseHTaums
S-|KBaHTOBBIX CTPYKTYP. 2 1-3 0 0 10

Tema 6. TyHHenbHble i lNpeseHTauus
6'3cpq)eKTb|. 2 4-6 0 0 12

Tema 7. KynoHosckas
7.l6bnokapa 2 7-9 0 0 14 [MpeseHTaums

TYHHENNPOBaHWS.

Tema . Ntoroeas 3avet
" [cbopMa KOHTpons 2 0 0 0

WNtoro 0 0 72

4.2 CopepxaHvue oUCLUNMUHbI
Tema 1. OCHOBHbIE TUNbl HU3KOPa3MePHbIX KBAHTOBbIX CTPYKTYP.
naboparopHas pabora (10 4aca(oB)):

"eTepocTpykTypbl Ha ocHoBe GaAs-AlGaAs. VIHBepCMOHHbIE CNOW Ha rpaHuLe Si - OKNCb KPEMHUS.
CtpykTypbl Ha ocHoBe Ge-Si. KBaHTOBbIE HUTK U TOYKMW.

Tema 2. KBaHTOBasi MEXaHMKa NPOCTEULLMX CTPYKTYP.
naboparopHas pabora (12 yaca(oB)):

lMpsmoyronbHas sima. TpeyronbHas aMa. KBaHTOBble COCTOSIHUS B HUTSX U ToYKax. [BonHas
KBaHTOBas simMa. [iByMepHbIN KaHan (MUKPOCYXEHME). DNEKTPOHHbBIE COCTOSHUSA B CTPYKTYpax C
nepruoanyeckn MooynmpoBaHHOM NMOBEPXHOCTbIO. KBAHTOBbIE CTPYKTYPbl B MArHUTHOM Nose.
[MNOTHOCTb COCTOSHUIA.

Tema 3. KBaHTOBble COCTOSIHUS B reTepOCTPYKTypax.
naboparopHas pabora (14 yaca(oB)):

MpunbnuxeHne ahPeKTUBHON MAcChbl B MPOCTOM 30He. [MNpubnmnxeHne adppekTMBHOM Macchbl B
cnoxHor 3oHe. Mogenb KeitHa. BnusiHne negoopmaumm Ha 9NeKTPOHHbINA cnekTp. Turbl
retreponepexonos. [paHnyHble YCNOBUS. DNEKTPOHHLIE U ObIPOYHbIE COCTOSIHUS B MOA30HAX
pa3MepHOro KBaHTOBAHNS SIM 1 MMHN30HaX CBEPXPELLETOK.

Tema 5. ONTMKa KBAHTOBbIX CTPYKTYP.
naboparopHas paborta (10 yaca(oB)):

B3anMopelicTBre anekTpoMarHUTHOro nons ¢ anekTpoHamu. Mpasmna otbopa. KoadpdpnumeHTt
NOrNOWEHNS NPU MEX30HHbIX Nepexoaax. IKCUTOHHOE nornoweHne. MeTtoq NnioMMHeCUeHUMM ans
nccnenoBaHnsa aHEPreTMYeckoro cnekTpa AByMepPHbIX 9NeKTPOHOB. MHOroOTOHHOE NOrnowWeHne B
KBaHTOBbIX iMax. Jlazepbl Ha CTPYKTYypax C KBAHTOBbIMU SMaMW.

Tema 6. TyHHenbHble adpcpeKkTbl.
naboparopHas pabora (12 yaca(oB)):

IByx6apbepHble CTPyKTypbl. KOahdomumeHTbl 0TpaxeHns 1 npoxoxaeHus. KeasuctaunoHapHble
COCTOSIHUSI ANEKTPOHA B siMe Mexay 6apbepamn. SHepreTnyeckas 3aBMCUMOCTb PE30HAHCHOrO
KO3gochrLMEHTA NPOXOXAEHUS. Pe30HaHCHO-TYHHENbHbIN Anon. TyHHeNnnpoBaHue aNeKTPOHOB 13
KBaHTOBOW SIMbl B CKPELLEHHbIX 9NEKTPUYECKOM U MarHUTHOM MONSX.

Tema 7. KynoHoBckasi 6nokana TYHHeNMpOBaHUS.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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naboparopHas pabora (14 yaca(oB)):

MeTon TYHHENbHOro raMuibToHMaHa. BeposiTHOCTb yxoaa anekTpoHa 13 0HOro Metanna B Apyroi B
eoVHuLy BpemeHun. TyHHenupoBaHue Yyepes rpaHyny. KoHaakTtaHe TYHHENbHOrO KOHTakTa ¢
3atBopoM. KynoHoBckas 6nokaaa TyHHeNnMpoBaHus Yepes ABe rpaHy/bi.

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSATE/IbHOM paboTbl AUCLMMINHBI (MOLYNSA)

Buabl
N Pasnen Cemect Hepens | camocTostensHon [TpyA0eMKOCTb ;%%%:L';‘T’:;Eﬁg;
AducumnnuHel pcemeCTpa paborthbl (B yacax) 260TbI
CTYLEHTOB P
Tema 1. OCHOBHblE
noaroToska K
1.|TMnNbl HA3KOPA3MEePHbIX 1 3 nogszHiau?/lm 20 npeseHTauns
KBAHTOBbIX CTPYKTYp. P
Tema 2. KBaHTOBas NOArOTOBKA K
2.|MexaHuKa npocTenwmnx 1 4-5 npeseHTaLMm 24 npes3eHTauuns
CTPYKTYP. P
Tema 3. KBaHTOBbIE
noaroToska K
3.[cocTosHNSA B 1 6-8 nog3ch;au?/lm 28 npeseHTauns
reTepoCcTpyKkTypax. P
Tema 5. Ontuka NnoAroToBka K
. 2 1-
0 KBAHTOBbIX CTPRYKTYp. 3 npeseHTauumn 10 fpesenTaLns
Tema 6. TyHHeNbHble NnoAroToBka K
. ' 2 4- 1
6 aPEKTbI. 6 npe3eHTauum 2 fpesenTalna
Tema 7. KynoHoBckas
noaroToBka K
7./6nokana 2 7-9 nog 32;; au?/lvl 14 npes3eHTauus
TYHHENUPOBAHUS. P
WNtoro 108

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAs MHTEPaKTUBHbIE hOpMbl 06yUYeHUs
NabopaTtopHble 3aHATUS, OpraHM30BaHHbIE NO CTAHAAPTHOW TEXHONOIM

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCcTh, MPOMeXYTOYHOW
aTTecrauum rno MToramMm OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTe/IbHOM paboThbl CTYAEHTOB

Tema 1. OCHOBHbIe TUMbl HA3KOPa3MePHbIX KBAHTOBbIX CTPYKTYP.

npes3eHTauus , NpMMepHble BONPOCHI:

"eTepocTpykTypbl Ha ocHoBe GaAs-AlGaAs. VIHBepCMOHHbIE CNOW Ha rpaHuLUe Si - OKNCb KPEMHUS.
CTtpykTypbl Ha ocHoBe Ge-Si. KBaHTOBbIE HATK 1 TOYKN.

Tema 2. KBaHTOBasi MexaHuKa NpoCTeNLLNX CTPYKTYP.

npeseHTauuns , NpMMepHbIe BONPOCHI:

[MpsimoyronbHasa ama. TpeyronbHaa aMa. KBaHTOBblE COCTOSIHUSA B HATAX U To4kax. [lBorHas
KkBaHTOBas aiMa. [1ByMepHbI KaHan (MUKPOCYXeHME). DNEKTPOHHbIE COCTOSIHMSA B CTPYKTypax C
nepuoamnyeckn MoL4ynmMpoBaHHOM NOBEPXHOCTbIO. KBaHTOBbIE CTPYKTYPbl B MArHUTHOM rone.
[MNOTHOCTb COCTOSAHUIA.

Tema 3. KBaHTOBble COCTOSIHUSI B reTepoCTPYKTypax.
npeseHTauuns , NpMMepHble BOMPOCHI:

MpubnuxeHne agoeKTNBHOM Macchl B NPOCTON 30He. MpubnuxeHne adodeKTNBHOM MacChl B
cnoxHow 3oHe. Monenb KeliHa. BnnsHue nedpopmaumm Ha 3neKTPOHHbIA cnekTp. Tunbl
reteponepexonos. 'paHnyHble yCnoBus. DNEKTPOHHbIE U AbIPOYHbIE COCTOSHUS B MOA30HAX
Pa3MEepPHOro KBaHTOBAHUS SIM U MUHU30HAX CBEPXPELIETOK.

KETPOHHBH
B_EPCHTET
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Tema 5. ONTMKa KBaHTOBbIX CTPYKTYP.
npeseHTaums , NpUMepHbIe BONPOCHI:

B3anmopeiicTBme anekTpoMarHMTHOro nons ¢ anekTpoHamu. Mpasuna otbopa. KoaggpuumeHt
NOrNOWeHNs NPy MEX30HHbIX Nepexogax. IKCUTOHHOE nornoweHne. Meton nioMMHECLEeHUMM ans
nccnenoBaHNs aHEPreTnyeckoro cnekTpa AByMepHbIX 3NeKTPOHOB. MHOrooTOHHOE NOornoleHne B
KBAHTOBbIX siIMax. Jlazepbl Ha CTPYKTypax C KBAHTOBbIMU SIMaMW.

Tema 6. TyHHenbHble 3adpdpeKThl.
npeseHTauuns , NpMMepHble BOMPOCHI:

LByx6apbepHble CTPYKTYpbl. KOahULMEHTbI OTpaXeHMs 1 NpoxoxaeHns. KBasuctaumoHapHble
COCTOSIHMS 3NEKTPOHA B SIMe Mexay bapbepamu. dHepreTnyeckas 3aBMCMMOCTb PE30HAHCHOIO
KoadhdomumeHTa NPpoXoXaeHns. Pe30HaHCHO-TYHHENbHbI anoa. TYHHeNnMpoBaHue aNeKTPOHOB 13
KBAHTOBOW SIMbl B CKPELWEHHbIX 3NEKTPUYECKOM M MArHUTHOM MONSIX.

Tema 7. KynoHoBcKkasi 6nokana TYHHeNMpOBaHUS.
npeseHTauns , NpuMepHble BONPOCHI:

MeTton TyHHENbHOro raMMnbTOHMaHa. BepoaTHOCTb yxo4a anekTpoHa n3 04HOro MeTtanna B Apyron B
eonHnUy BpeMeHu. TyHHennpoBaHue Yyepes rpaHyny. KoHaakTaHC TYHHENbHOro KOHTakTa C
3aTBOpoM. KynoHoBckasi 6nokana TyHHeNMpoBaHus Yepea ABe rpaHy/bl.

Tema . UToroesasi popma KOHTpons

MpuMepHbIe BONPOCHI K 3a4eTy:
3ayeTbl B COOTBETCTBMM C NPUBELAEHHOW BbIlE NPOrpaMMOii.

BUNTETbI K SAHETAM

. OCHOBHbIE TWMbl HN3KOPA3MEPHbIX KBAHTOBbIX CTPYKTYP.

. [pamoyronbHas ama. TpeyronbHas sima.

. IlBoinHas kBaHTOBas aMa. LIByMepHbI KaHan (MUKPOCYXEHME).

. ONEKTPOHHbIE COCTOSIHMSA B CTPYKTypax C Nepnognyeckn MogynmpoBaHHON No-BEPXHOCTbIO.
. KBaHTOBbIE CTPYKTYPbI B MArHUTHOM Mone. [NOTHOCTb COCTOSAHUIA.
. MpnbnuxeHne achhpekTNBHON MacChl B MPOCTOM 30HE.

. MpnbnmnxeHne adoOeKTNBHON MAcChl B CNOXHOW 30HE.

. Mogenb KeliHa.

9. BnuaHue nedpopmaummn Ha aneKTPOHHbIR CNekTp.

10. Tunbl reteponepexonos. [ paHN4YHbIE YCIOBUS.

11. ONEeKTPOHHbIE 1 AbIPOYHbIE COCTOSIHUS B NOA30HAX PA3MEPHOr0 KBaHTOBaHMUS SIM U MUHM30HAX
CBEpPXPeLIeToK.

12. B3anmopneiicTBMe anekTpoMarHUTHOro nons ¢ anekTpoHamu. Mpasuna otbopa.
13. KoathpuumeHT NornoweHnsa npu MexX3oHHbIX nepexonax. 9KCUTOHHOE NOrnoweHme.

14. MeTon NOMUHECLEHUMN ONS UCCNELOBAHNS 9HEPreTUYeCcKoro cnekTpa AByMep-HbiX
3N1EKTPOHOB.

15. MHOrogpoTOHHOE MOrNoLWeHNE B KBAHTOBbIX iMax. Jla3epbl Ha CTPYKTypax C KBAHTOBbIMU SMaMMU.
16. L1Byx6apbepHble CTPYKTypbl. KOahGUUNEHTLI OTPaXKXEHNS 1 MPOXOXOAEHUS.

17. KBaaucraumoHapHble COCTOSIHUSI 3NeKTpOoHa B siMe Mexay bapbepamn. SHepreTu-yeckas
3aBNCKMOCTb PE30HAHCHOIo KO3MLMEHTA NPOXOXAEHUS.

18. Pe30HaHCHO-TYHHENbHbIA ANOA.

19. TYHHefII/IpOBaHI/Ie SNEKTPOHOB N3 KBAHTOBOW SMbl B CKpPELWEeHHbIX 3IEKTPN4EeCKOM N MarHATHOM
nonsx.

20. MeToA TYHHENLHOrO raMuIbTOHNAHA.

21. BeposTHOCTb yxo4a anekTpoHa 13 0gHOro Metanna B Apyrov B eQUHNLY BpeMe-HMU.
22. TyHHenupoBaHue Yepea rpaHyny.

23. KoHpakTaHC TYHHeNbHOro KOHTakTa C 3aTBOPOM.

0O NO Ok~ WN =
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24. KynoHoBckas 6nokana TyHHeNnMpoBaHus Yepes OBe rpaHynbl.

7.1. OcHOBHas nuTeparypa:
HaHomaTtepuanbl, HAQHOCTPYKTYpbl, HAHOTexHonorun, I'yces, AnekcaHgp lsaHosuy, 2009r.

2. N'yces A.N. HaHomaTepuanbl, HAHOCTPYKTYpPbl, HAHOTexHonorun. Naparenscteo: DUIMATIINT,
2009 r. http://e.lanbook.com/view/book/2173/

3. MpowwH, KO.H. YncneHHble meToabl 1 Mat.MogenupoBaHue: JIeKUMOHHbIA matepuan.
[OnekTpoHHbIi pecypc] / KO.H.MpowwH, C.K.CalikuH, P.I".[lemnHoB - KazaHb, KOY, IHCTUTYT
duamkm, 2010. - 330 cnangos. http://mrsej.ksu.ru/pro/pdf_10/ChMMM_all_10.pdf

7.2. lononHuTenbHasa nureparypa:

1. BapblbuH A.A., TomnnnH B.W., Wanosanos B.N. ®uaunko-TexHonorm4yeckme 0CHOBbl Makpo-, MUKPO-
1 HaHoanekTpoHukun. iaparenbcteo: duamatnut, 2011 r. http://e.lanbook.com/view/book/5258/

2. Pambuamn H.I"., bepésknH A.B. dunsnyeckne n xmMmnyeckne oCHOBbl HAHOTEXHOMOTUIA.
M3patenbcteo: duamarnut, 2009 r. http://e.lanbook.com/view/book/2291/

7.3. UHTEepHeT-pecypcChbl:

XypHan HaHocTpykTypbl. MaTematnyeckas gomsmka n MogennmpoBaHue -
http://www.nano-journal.ru/3arnasHas_cTtpaHuua

MexancumnnmHapHbIi Hay4HbIn cepeep - http://www.scientific.ru/

M®TU / Kagpenpa TeopeTtundeckoi omamkm / bubnnoteka / YuebHo-meToanyeckme nocobus -
http://theorphys.mipt.ru/biblio/metodichki.html

HaHnomeTp. HaHoTexHonornyeckoe coobwectso - http://www.nanometer.ru/

YyebHoe nocobre ®dnsnka HN3KOpPas3MePHbIX CUCTEM -
http://www.interkal.narod.ru/lowdimensional.pdf

AnekTpoHHas bubnuoteyHas cuctema KnuradoHg - http://www.knigafund.ru/

8. MarepuanbHo-TexHU4eckoe obecrneyeHue QUCLMUNINHbI(MOAYS)

OcBoeHve gncunnnuHbl "CneumnanbHblii OM3NYeCcKuin NpakTukyM" npegnonaraet UCnonb30BaHme
CnenylowWero MmaTepuanbHO-TEXHUYECKOro 0becneyeHmns:

MynbTumMeauiiHas ayoutopus, BMECTUMOCTbIO 6bonee 60 yenosek. MynbTumMeauiiHas ayantopums
COCTOMUT U3 UHTErpUPOBAHHBIX NHXEHEPHbIX CUCTEM C €OUHOW CUCTEMON YnpaBseHus, OCHaLWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS 1 BU3yanv3auum noboin BAeo n ayamno
NHpopMaLuUK, NONy4eHNs 1 Nepenadn dNeKTPOHHbIX JOKYMEHTOB. TnoBas KoMnnekraums
MyNbTUMELVAHON ayanuTOPUM COCTOUT U3: MyNbTUMEONAHOrO NPOEKTOpPa, aBTOMaTU3NPOBAHHOMO
NPOEKLIMOHHOrO 3KpaHa, akyCTUYECKON CUCTEMDI, a TaKXe MHTEPaKTMBHONM TpMbyHbI NpenoaaBatens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHanblo He MeHee 22 O0IMOB, NepCcoHasbHbI KOMMbIOTEP
(c TexHnyeckmnmm xapaktepucTtukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJoepeHL-MUKPOoH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyerms: USB,audio, HDMI. MiHTepakTmBHas TpmbyHa npenoaaBaTtens ABnseTcs Kno4eBblM
3N1EMEHTOM yrpaBNeHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. lNpenonasartens MMEET BO3MOXHOCTb NIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMM, MPaAKTUYECKUE
3aHATWA, Npe3eHTauun, BebrHapbl, KOHPEPEHUMM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowwmxcs B yA06HON 1 DOCTYMHOW ANS HAX POPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPAKTMBHbIX CPeACTB 00y4eHMs, B TOM YMCE C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns BCex
KoprnopaTtusHbIX pecypcos. MynbTuMeouinHas ayomtopust TakXxe OCHaleHa WMpPOKOMOIOCHbLIM
LOCTYNOM B CETb MHTEPHET. KoMnbloTeEpHOE 060pYyn0OBAHMEM NMEET COOTBETCTBYIOWEE
NVLEH3MOHHOE NPorpaMmMHoe obecneyeHue.
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Y4yebHo-MeToOmnyeckas nutepatypa ons JaHHOW OMCUMNAVHBI UMEETCS B HANNYun B
9NEKTPOHHO-6MbNnoTeyHol cucteme "KHuradoHa", 4OCTYN K KOTOPOW NpeaocTaBneH CTydeHTaM.
AnekTpPoHHO-6ubnnoTeyHas cuctema "KHuradPoHa" peanvayeT neranbHOe XpaHeHue,
pacrnpocTpaHeHne 1 3aWmnTy ULMPOBOro KOHTEHTA Y4ebOHO-MEeTOAMYECKON NuTepaTypbl Onsl By30B C
ycnosueM obs13atenbHOro cobnoaeHns aBTopckmx U cMexHbix npas. KHuradoHn obecneynsaet
WNPOKNIA 3aKOHHbI OOCTYN K HE06X0AUMbIM A5 06pa3oBaTenbHOro Npouecca N3naHusm ¢

MCMNONb30BaHNEM MHHOBALIMOHHBIX TEXHONOMMIA 1 COOTBETCTBYET BCceM TpeboBaHmaM HoBbix PIrOC
BMO.

YyebHble ayantopumn ans nposeneHns na6opaTopr|x 3aHATUN.

Mporpamma cocTtasneHa B cootBeTcTBuM ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
HanpasneHno 03.04.02 "duaunka" n marnctepckom nporpamMmme TeopeTndeckas n MatemaTnyeckas
donsuka .
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