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Mporpamma amcumnnnmHel "CoBpeMeHHble NpobneMbl HaHOMaTepPManoB U HaHoTexHonoruii"; 28.03.01 HaHOTeXHONOrMN 1 MUKPOCUCTEMHAS
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Mporpammy aucumnnuHbl paspabotan(a)(v1) aoueHT, K.H. Bontakosa H.B. Kadeapa counanku
TBepooro Tena OtneneHne dusnkn , Natalya.Boltakova@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

HayunTb ncnonb3oBaTb 3aKOHOMEPHOCTM METOAONONMM HayKn B 06nacTv HaHOMaTepmanos u
HaHOTEXHOMOr M ANs peweHnst NpPobneM, CBA3aHHbIX C pa3paboTkoi HOBbLIX M COBEPLIEHCTBOBAHNEM
CYLLECTBYIOLWMX NPOLECCOB NONy4EHMS HAHOMaTePNanoB U HAHOCUCTEM W NPOrHO3UPOBaHNEM
CBOICTB HAHOMaTepUanoB, Nony4YaeMblX PasnMyHbIMU METOAAMN.

nprobpeTatoT 3HAHNE OCHOBHbIX, M3BECTHbIX K HACTOSILEMY BPEMEHN TUMOB HAHOCTPYKTYP B
MeTannax, nonynpoBoAHMKax, nonumepax u bmonornyeckmx 06 bekTax; 3akOHOMEPHOCTEN
POPMMPOBAHMS 1 COBPEMEHHBIX CMOCOO0B MONYYEHNS HAHOCTPYKTYPHbIX MATEPMANoB, 3HaAHNE
Hanbonee COBEPLUEHHbIX METOLOB UCCNEN0BAHUS HAHOCTPYKTYP,. MPUHLMN AeACTBMS Npubopos,
npenHasHayYeHHbIX 4Ns onpeneneHns CTpykTypbl U CBONCTB HAHOMATepunanos; Hambonee
NepCneKTUBHBIX K HACTOSALWEMY BPEMEHN 0OnacTe NPUMEHEHNS METANNNYECKNX,
NONyNpPOBOAHNKOBBIX 1 MELAMKO- BMONOrMYeCcKX MaTepranoB; Kpyr 3aaad, Kotopble MoryT 6biTb
peWeHbl B CBA3M C UCMONb30BAHNEM HAHOTEXHONOMUIA.

2. MecTo OUCLMMN/MNHDLI B CTPYKTYpe OCHOBHOM o6pa3oBaTtesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

[DanHHas yuebHas aucumnnmHa BkntodeHa B pasgen " 51.B.[0B.10 OucumnanHbl (Mogynm)" OCHOBHOW
obpasoBaTtefbHOl Nporpammbl 28.03.01 HaHOTEXHONOMMM 1 MUKPOCUCTEMHAS TEXHMKA N OTHOCUTCS K
omcumnnnHam no Boibopy. OcBanBaeTcs Ha 2 Kypce, 4 cemecTp.

OcBoeHune oncumninHbl 6a3npyeTcs Ha 3HaAHWSX, MONYYEHHbIX B pe3ybTaTe U3y4YeHUs AUCUUMINH
Xumng', 'duauka’, 'buonorng’, 'MartepmanosefeHme HaHOCTPYKTYPUPOBAHHbIX MaTepuanos’,
'‘OpraHuyeckas xmmMms'.

Mony4yeHHble 3HAHWS BaXHbI O1s1 MOCNEOYOWEro BbINOHEHNS HAay4YHO-UCCNenoBaTebCkon paboThl
N y4ebHOI NPaKTUKKN, OCBOEHUS ONCUMNANH 'MeToabl CUHTE3a U KOHTPONS ONTUYECKUX
HaHomartepuanos', 'KonnongHas xmmMms', '@rU3nko-XmMMms HaHOONCNEPCHbIX YacTuy',
'‘MognenunpoBaHue 1 NPoeKTUpPOBaHNE MUKPO- U HAHOCUCTEM'

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

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeaytoWwme KOMNeTEHUNN:

PacwmcpoBka
LLincpp komneteHumu npuobpeTaeMor KOMNeTeHLUN
MK-2 CMOCOBHOCTBIO BbISIBUTb €CTECTBEHHOHAYYHYIO CYLHOCTb
npobneM, BO3HUK NX B X n NOHaNbHOM
(NPOchECCHOHaNbHbIE pobnem, BO3HUKaLL ojne npogheccmnoHanbHou §
KOMNETEHLIN) AEATEeNbHOCTU, NPUB/EYb AN UX PEWEHNS COOTBETCTBYIOWMM
on3nkKo-maTemaTmyeckmin annapar
MK-23 OTOBHOCTbIO MPUMEHATb MaTepuasbl U KOMAOHEHTbI HAHO- U
(NMpodpeccroHanbHble MUKPOCUCTEMHOW TEXHUKN NPU CO30aHUN TEXHUYECKNX CUCTEM
KOMMNeTeHuunm) pPasNNYHOro (PyHKLMOHANbHOrO Ha3Ha4yeHns
MK-27 FOTOBHOCTbIO MPUMEHATb COBPEMEHHbBIE METOObI OpraHM3aLunu
(npodhbeccmoHanbHble Tpyna ons obecnevyeHns Hay4HbIX MCCneaoBaHui n
KOMMNEeTEeHUnM) NPOMBILWIEHHOrO NPOM3BOACTBA B 06NACTN HAHOTEXHONIOMUK
MK-3 FOTOBHOCTbIO Y4MTbIBATb COBPEMEHHbIE TEHAEHLUMN Pa3BUTUS
KTPOHUKN, N3MEPUTENTIbHON 1N BbIHUCITUTENIbHOM TEXHUKN
(NMpodpeccmoHanbHble SNeKTpo , USMEpUTENbHON CnTenbHON T€ .
NHCJPOPMALIMOHHBIX TEXHOMNOMIA B CBOE NpogpeccnoHanbHom
KOMMeTeHuun)
nesiTeNnbHOCTH
nK'4 6
(NPOchecCMoHanbHbIe CNOCOOHOCTbLIO BNadeTb METO4AMM peLleHNs 3a4a4 aHannsa v
KOMMETEHLIM) pacyeTta XxapakTepUCTUK INEKTPUYECKUX Lienen
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TexHuKa; OoueHT, K.H. bontakosa H.B.

PacwudpoBka
LLincpp komneteHumu npuobpeTaeMor KoMneTeHLUU
MK-1 CMOCOBHOCTbIO NPEeACTaBUTb aekBaTHYI0 COBPEMEHHOMY
BHIO 3HAHUI Hay4HYIO KapTUHY MuUpa H HOB
(NPOcheceMoHanbHbIe YPOBHIO 3Ha ay4HYto KapTuHY MMpa Ha OCHOBE 3HaHWS
KOMMETEHLINN) OCHOBHbIX MONOXEHWIA, 3aKOHOB U METOL0B €CTECTBEHHbIX HayK
N MateMaTukm
MK-19 FOTOBHOCTbIO paboTaTb Ha COBPEMEHHOM TEXHOMIOrMYECKOM
(NMpodheccmoHanbHble obopynoBaHnM, CMONb3yEMOM B MPON3BOACTBE MaTeEPMasioB 1
KOMMNeTeHuunm) KOMMOHEHTOB HaHO- Y MUKPOCUCTEMHOM TEXHUKW
MK-22 FOTOBHOCTbIO K 3KCnayaTaumm n TeXHNYeCKOMy 006CnyXMBaHNIO
(npodhbeccmoHanbHble TEXHONOMMYECKOro U KOHTPOSIbHO-ANArHOCTUYEeCKoro
KoMMeTeHuunn) obopynoBaHnsi B 06nacT HAHOTEXHONOMUN

B pesynbrate 0CBOEHUS OUCUUMINHBLI CTYOEHT:
1. DONXEH 3HaTb:

- 3aKOHOMEPHOCTU U PU3NKO-XUMUYECKNEe MOLENN MPOLLeCCOB Nony4eHns HaHOO6beKTOB;

- BUAbl U CBOWCTBA HAHOOOBEKTOB U HAHOMATEPUANOB, XapaKTePUCTMKN OU3NKO-XMMNYECKIMX
NPOLIECCOB VX CUHTE3a U METOAbl X UCCNeN0BaHMS;

2. DONIXEH yMeTb:

- Ha OCHOBE Pe3yNbTaToB 3KCNEPUMEHTOB, MOLENNPOBAHNS pa3paboTaTh MiaH TEXHONOrM4YEeCcKoro
npoLiecca nony4eHnsl HaHoMaTepunanos, BO3MOXHOCTU, OFrpaHNYeHus, Kputepun Boibopa BapraHToB
HaHOTEXHONOrnK;

- Bbl6|/|paTb N ncnonb3oBatb METOObl aHaIM3a HaHOMAaTepManoB N HAHOCTPYKTYD,

- onpenensitb KOHKPETHYO NpodpeccroHanbHyo 3agady, cobupaTb HE0HXOANMYIO NCXOOHYIO
MHCpOpMaLIMIO B NEPUOOMYECKON NTEpaType, Ha OCHOBE aHanM3a cqopMynmpoBaTb
nocnenoBaTenbHOCTb PeWeHNs 3a8aqu.

3. DONXeH BnageThb:
- METOaMM CUHTE3a 1 aHann3a HaHOCTPYKTYPUPOBaHHbIX MaTepuarnos.

- CUCTEMHOr0 Hay4HOro aHanmnsa nNpPogeccuoHanbHbIX NPo6eM Pas3nnUYHOro YPOBHS CIIOXHOCTH;
- paboTbl ¢ nabopaTopHbIM 060PYNOBAHMEM U COBPEMEHHOW Hay4yHOW annapaTypou;
- NPOBEOEHNS PUINYECKOro N XMMNYECKOro aKCrnepumeHTa.

4. CTpyKTypa 1 cogepxaHve AUCLUNMUHBI MOAyNs
Obwas Tpy[0EMKOCTb AUCLIMINIIMHBI cocTaBnseT 3 3a4eTHbix(ble) eanHnL(bl) 108 yaca(os).
dopMma NPOMEXYTOYHOr0 KOHTPONS AUCUUNANHBI 3a4€eT B 4 ceMecTpe.

CyMMapHo no AMcumnanHe MoxHo nony4ntb 100 6anno., U3 HUX Tekylwas paboTta oueHmBaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANsl OOMNycKa K 3a4eTy
28 6annos.

86 6annos n bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyLOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AucCUMnIMHe/ MOAYNIO
TemaTnyeckum nnaH oUCUUMNANHBI/MOAYNA
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Buabl n yachbl
Pasgen ayauTopHon paborbl,
Henens MX TPyAOEMKOCTb Tekywue doopmbl
N ﬂ"&%ﬂ;’}:’:""/ Cemectp cemecTpa (B yacax) KOHTpOnsi
Nex ImI'Ipal(wmecxmeJ1a60paTop|-u=|e
L 3aHATUSA paboTbl
Tema 1. KOHTpONbHas
1. |HaHoTexHonoruu - 4to 4 1,2 4 0 0 paboTta
970 Takoe?
o, |TeMa 2. Asbi 4 3 2 0 0 |pabora
" [HaHOTEexXHonorunmn P
pedoepar
Tema 3. Kak 310 KOHTDONBHAS
3. ["nowynartb", yBuaeTb, 4 1-7 6 14 0 a602a
n3mepuTb? P
Tema 4. KOHTPONbHas
4. HaHomatepuarnsi 4 -9 5 0 0 padora
KOHTpONbHas
Tema 5.
S HaHoanekTpoHuka 4 910 3 0 0 pabora
KOHTPONbHas
6. |Tema 6. HaHoTexHMKa 4 11 2 0 0 paboTta
Tema 7. pedpepart
HaHomatepuanbl 1 KOHTpONbHas
7. HaHOTEXHONOrnn B 4 81213 3 2 0 paboTa
XMBbIX CUCTEMAX
Tema 8. KOHTPONsHas
8. [HaHoTexHonorum v 4 |9,13-14| 3 2 0 pecpe o
HaHOMPOAOYKTbI P P
Tema 9. BoeHHble KOHTpONbHas
9. [NpunoxeHns 4 15 2 0 0 paboTa
HaAHOTEXHONOr i
Tema 10.
CoumorymaHutapHble Ece)g:egiﬁw as
10.|acnekTbl pa3suTns 4 10-18 6 10 0 a602a
HaHOHayKun n p
HAHOTEXHONOM NI
Tema . NTorosas 3ayet
doopMa KOHTpOns 4 0 0 0
Ntoro 36 28 0

4.2 CopepxaHvue oUCLUNUHDI
Tema 1. HaHOoTEexHONOrUM - 4TO 3TO Takoe?
neKkumnoHHoe 3aHsiTne (4 yaca(os)):

OCHOBHbIE MOHATUSA. 3a4eM HyXHbl HAHOTEXHONOrMN? 3apoXaeHUe U pasBuTne copepsl
HaHOTEXHOMNOr i 1 ee nepcnekTnebl. OpraHn3aunoHHbIE PUHAHCOBO-3KOHOMUYECKUE acneKTbl
pas3BUTUS HaHOTexHoNoruin. CoumnanbHble U ryMaHUTapHbIe acnekTbl Pa3BUTUS HAHOTEXHONOT WA,

Tema 2. A3bl HAHOTEXHOJIOrMMn
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):
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Cneumndouka HaHoMupa. Ponb cBOBOAHBIX U BHYTPEHHMX NMOBEPXHOCTEN. 3apoxXaeHne N pocT
HaHoyacTuu. PasmepHble adhdoekTbl. CamoopraHnsaumns u camocbopka. [lBe TexHonornyeckme
napagurmbl: ?cBepxy BHU3? U ?CHNU3Y BBEPX?.

Tewma 3. Kak ato "nowynatb”, yBugetb, usmeputb?
neKkumnoHHoe 3aHsiTne (6 yaca(os)):

MUKPOCTPYKTYPHbIA aHanM3. SnekTpoHHas Mukpockonus. CkaHupyrowas 30H40Bas MAKPOCKOMMS.
OuncppakumoHHbIn aHann3. CnekTpanbHble MeToabl. MeToabl onpeneneHms pasmMepoB HAHOYaCTuIL,.

npaktnyeckoe 3aHsitne (14 4yaca(os)):

CkaHupytowwas anekTpoHHas MUKPOCKonus. PeHTreHorpachnyecknii aHanua, rpaHynoMeTpuyeckuin
aHanma. Metonbl heMTOCEKYHAOHOM CNEKTPOCKONUM 1 ANMPPakLnm SNeKTPOHOB C BPEMEHHBIM
paspeLeHnem.

Tema 4. HaHomaTtepuansl
JIeKLMOHHOe 3aHsiTne (5 4yaca(oB)):

HaHovacTuubl 1 HaHonopowky. HaHoyrnepoaHble YacTulbl U Matepuanbl. TOHKOMNEHOYHbIE
CTPYKTYpbl. O6bEMHbIE HAHOCTPYKTYPUPOBaHHbIE Matepuansl. Mpupoaa guanko-MexaHn4eckmx
CBOWCTB HaHoMaTepuanoB. CTabunbHOCTb CTPYKTYPbl U CBOWCTB HAHOMaTepuanos. Peanm3oBaHHble
N NEePCNeKTVBHbIE MPUMEHEHNS1 HAaHOMaTepUanos.

Tema 5. HaHO3nekTpoHuKa
JNeKunoHHoe 3aHsiTne (3 4aca(os)):

3akoH Mypa. OCHOBHble OyHKLIMN HAHO3NEKTPOHUKN. DyHAAMEHTanbHble npeaensi
MUHuaTopusaunn. CoBepleHCTBOBaHME TPAANLNOHHON ?KPEMHUEBON? 3NEKTPOHUKMN.
MuKpO3anekTpoHmka ?psaoM ¢ KpeMHUEM?. DNeKTPoHKKa 6e3 KpeEMHUS.

Tema 6. HaHOTEeXxHuKa
neKuMnoHHoe 3aHsiThe (2 yaca(os)):

HaHOI'IpI/I60pr, HaHOMalUWHbI, HAHOCKUCTEeMbI. [TnobanbHas aHepreTunka, 3Heproc6epe>KeH|/|e n
HaHOTexHonormm. HaHotexHonornm B a3poKoCcMnYeckom obnactu.

Tema 7. HaHomaTepuanbl 1 HAHOTEXHONOINMU B XMBbIX CUCTEMAX

JNeKunoHHoe 3aHsiTne (3 4aca(os)):

HaHnobnotexHonorun. HaHome omuuHa. HaHOTEXHONOr UK 1 3almMTa OKpYyXatowwel cpeapl.
npaktnyeckoe 3aHsitne (2 4aca(os)):

dnyopecueHTHbIe METKU HA OCHOBE HAHOKPEMHMS. [1opuUCTbI KpEMHMIA Kak doTOCEHCUbUnn3aTtop
reHepauumn CUHINIEeTHOro KMcnopoaa.

Tema 8. HaHoTexHONOrMM N HaHONPOAYKThI

NeKUuMoHHoe 3aHsiThe (3 yaca(os)):

CtpoutenbctBo. Cenbckoe x034aicTBo. [Nnwesbie NpoaykThl. [oTpebutensckme ToBapbl.
npakTudeckoe 3aHsitne (2 yaca(os)):

ConHuesawuTHble cpeactea. [lonumepHbie KOMMO3UTbl HA OCHOBE HAHOKPEMHUS. TBepaodasHble
marepuanbl C MOPUCTON CTPYKTYPOWN.

Tema 9. BoeHHble NpunoXeHUss HAHOTEXHONMOrnM

JNIeKLMOHHOe 3aHsiTne (2 4aca(os)):

O60pPOHHbIE HAHOTEXHONOrMYeCcKkme paspaboTku. MepcnekTrBbl BOEHHbLIX MPUNOXEHWIA.
Tema 10. CoumorymaHuTapHble acnekTbl pa3BUTUS HAaHOHayK1U U HAaHOTEXHONOruMn
JNIeKLMOHHOoe 3aHsiTue (6 4aca(os)):

dunocosckuii B3rnsg Ha bynyuee. HaHoatvka. Obpa3oBaHue 1 npoceeleHne B obnactu
HaHoTexHonorunn. NporHo3nposaHne coumnanbHO-3KOHOMUYECKNX MOCNEeACTBUA HAHOPEBOIOLN.
tOpnaonyeckme acnekTbl pa3BUTUS HaHOTEXHONOrMi. OxpaHa MHTENNEKTyanbHOM COOCTBEHHOCTA B
obnactn HaHOTEXHONOTWIA.

npaktnyeckoe 3aHsitne (10 4yaca(os)):
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Mporpamma amcumnnnmHel "CoBpeMeHHble NpobneMbl HaHOMaTepPManoB U HaHoTexHonoruii"; 28.03.01 HaHOTeXHONOrMN 1 MUKPOCUCTEMHAS
TexHuKa; OoueHT, K.H. bontakosa H.B.

CermMeHTaums 1 oLeHKa MAPOBOro pbiHKa HaHOMPOAyKTOB. CTPYKTYpHOE NMOCTPOEHME 1
rocynapCTBEHHOE PerynMpoBaHne HaHOUHOYCTpUK 3a pybexoM. IHTennekTyanbHoe s4p0 MUPOBOIA
HaHOMHAYCTPUUN ? HAHOTEXHONOrMYEeCckme Hay4HO-obpasoBaTenbHble LEHTPbI. YyacTue
MPOMBbILWIEHHbIX OPraHn3aLmnii B 0OpMUPOBaHNM PbiHKA HAHOMPOAYKTOB U €ro MHAPPaCTPYKTYpbI.

MwHepanoseneHue B KazaHckoM yHusepcuteTe ([epcoHanun).

4.3 CTpyKTypa 1 comepXxaHue camocTosiTeNlbHOM paboTbl AUCLMNNNHBI (MOOYNS)

Buapbi
N Pasnen Cemectp| HeAens | camoctositenbHoi [TpyaoemkocTh ;&%’2‘;‘0';’::;%23
JucunnnmHbl pcemeCTpa paboTbl (B wacax) 260TbI
CTYEeHTOB P
Tema 1. NOAroToBKa K
1. [HaHOTEXHONOrNM - 4TO 4 1,2 [KOHTpPONbHOM 3 Kc;%i;gganaﬂ
370 Takoe? paboTte P
noar
o, Tema 2. Asbl 4 3 KgﬂngﬂEE%; o [<oHTPOMbHas
" |[HAHOTEexHonornm T
° paboTte pabora
noaroToBka K
- KOHTPObHas
Tema 3. Kak 310 KOHTPONbHOW 1 P
" " paboTta
3. |"nowynare", ysuaeThb, 4 1-7 |paboTte
n3mMepnTb? MOAroToBKa K
1 T
pedeparty 0 pecepa
noorot
Tema 4. OLroToBKa K KOHTpONbHas
4 |Hanomarepuans 4 79 |KOHTPOMNBHON 4 abora
P paboTte P
noarot
Tema 5. OroToBKa K KOHTPOJIbHas
. HaHoanekTpoHuka 4 9-10 [koHTpONbHON 3 abota
P paborte P
noOroToBka K
6. |Tema 6. HaHoTexHVKa 4 11 |[KOHTpONbHOM 2 K(;g;gganaﬂ
paboTte P
noaroToBka K
Tema 7. KgﬂTgoﬁbH%VI 1 KOHTpO/NbHas
- |HaHomartepuansi n 4 |8 12-13lpabote pabota
" |[HAHOTEexXHoNnoruM B ’ NOLrOTOBKA K
XMBbIX CMCTEMAX T
pegoeparty 3 pedpepa
noaroToBka K
- KOHTPONbHas
Tema 8. KOHTPONbHOW 1 pgﬁoag a
8. |HaHoTexHonorum u 4 |9, 13-14|pabote
HaHOMPOAYKTHI MOAroToBKa K
T
pedpepary 3 pedepa
Tema 9. BoeHHble NnoAroToBka K
9. [npunoxeHus 4 15 |KOHTPONBHOIA 2 Kgg{ﬁg”b*'a"
HaHOTEXHOMNOrni paboTte P
NoOroTOBK
Tema 10. OLroTOBKa K KOHTPONbHAS
CoumorymaHuTapHsbie KOHTPOSIbHOW 1 paGota
10.|acnekTbl pa3snTns 4 10-18 |paborte
HaHOHaykun n noaroToBka K
HaHOTEXHONOrniA pedhepaty 8 pedpepar
NToro 44
5. ObpasoBatesnibHble TEXHONIOTUK, BK/TKOYaA UHTEepaKTUBHbIe POpPMbl 0OyUeHuUs
PeructpaumnoHHbIin HoMep DAEKTPOHHEH
Bl VHUBEPCHTET
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6no4YHO-MOoyNbHAs TEXHONOrs 06y4eHns, KoTopasi OCHOBLIBAETCS HA KOMMETEHTHOCTHOM MOAX0ne K
y4yebHOMy npoueccy.

6. OueHOYHble cpeacTBa AJisi TEKYLLLEro KOHTPOJISl yCreBaeMoCTu, MPOMeXYTOUHOM
aTTecTauum No UToram OCBOEHUS AUCLMMIMHBI U yYeOHO-MeToaMYeckoe obecneyeHune
CaMOCTOsITe/IbHOWU paboThl CTYAEHTOB

Tema 1. HaHOTexHONOrUM - 4YTO 3TO TaKoe?
KOHTponbHas paboTa , NpuMepHble BONPOCHI:

B coctaBe MTOroBoi KOHTPONbHON paboThl

Tema 2. A3bl HaHOTEXHONOrMM

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

B cocTaBe UToroBoi KOHTPONbHOW paboThl

Tewma 3. Kak aTo "nowynatb"”, yBugetb, usameputb?
KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

B coctaBe MTOroBol KOHTPOMbHOM paboThl

pedpepat , NpUMepPHbIE TEMbI:

[MpumepHble Tembl pedoepatos. [onHbIM cnncok Tem npunaraetcs K nporpamme (Mpunoxenuve 2). 1.
MpocTpaHCTBEHHOE pa3pelleHne 1 ypaBHeHe ABbe 2. YCTPONCTBO pacTPOBbIX NEKTPOHHbIX
MUKpockonoB (POM): anekTpOHHbIe NYLWKWU, 3N1IEKTPOHHbIE TIMH3bI, MapamMeTpbl KONOHHbI. 3.
YcTtpoiictBo POM: chopmmpoBaHme n3obpaxeHus, BakyymHas cuctema. 4. MNoarotoeka o6pasuos. 5.
Nctopusi metopa. MpuHumnel pabotel MeToga [O3. 6. [laHHble N3MEPEHUA. AHANM3 OaHHbIX. 7.
Mpumepbl npuMmeHeHns. OrpaHnyeHns metoga 190 B HacToswee BpeMs U NepCnekTBbl ero
NPUMEHEHMS.

Tema 4. HaHomaTtepuansl

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:
B coctaBe MTOroBoi KOHTPONbHOM paboThl
Tema 5. HaHO3NneKTpoHUKa

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:
B coctaBe MTOroBol KOHTPOMbHON paboThl
Tema 6. HaHOTexHUKa

KOHTponbHas paboTta , NpUMepPHbIE BOMNPOCHI:
B coctaBe MTOroBoi KOHTPONbHOM paboThl
Tema 7. HaHomaTtepuanbl U HAHOTEXHONOMMU B XUBbIX CUCTEMaX
KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:
B cocTaBe UTOroBoi KOHTPONbHOW paboThl
pedepart , NPUMEpPHbIE TEMbI:

[MpuMepHble Tembl pedbepaTos. [MonHbIn cnucok Tem npunaraetcs K nporpamme (MpunoxexHwve 2). 1.
[MonyyeHne HaHOKPEMHUS Ons GONOrnmYeckmx NPUNoXeHuin. NMepcnekTuBbl MPUMEHEHUS
HaHOKPEMHNS B BuomeanumHe n buotexHonornn. brogerpananpyemblie NOPUCTbIE HAHOYACTULLbI
KPEMHUS in ViVO MPUAOXEHUIA. 2. DNEKTPOHHASA KOHoUIypaLmMsa MONeKybl KUCnopoaa.
DOTONOMMHECLIEHTHAS OMAarHOCTMKA CUHIMETHOro KMCnopoaa npu ero reHepawmm B nopuctTom
KpemMHun. @oToceHCMbnnmnaaumsa CUHrNEeTHOro KMCNopoaa B NopoLKax NOpUCTOro KPEMHMS U BOOHbIX
CYCMEH3USIX.

Tema 8. HaHOoTexHONOrMM U HaHONPOAYKThI
KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:
B coctaBe MTOroBoi KOHTPObHOM paboThl
pedgoepar , NpUMepHbIe TEMbI:
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[MpumepHble TeMmbl pedoepatos. [onHbIM cnncok Tem npunaraetcs K nporpamme (Mpunoxenue 2). 1.
ConHevyHoOe n3nyyeHne 1 ero gencTeme Ha Koxy. Bo3MOXHOCTb NMPUMEHEHNS HAHOKPUCTaNANYECKOro
KpeMHus (nc-Si) B Ka4ecTse COMHLE3aWNTHOro KoMnoHeHTa. CoBpeMEeHHble CONMHLE3aWNTHbIE
cpeacTBa. [MpurotosneHne 06pasLoB 3MYIbCMOHHbBIX KOMMNO3ULMiA ¢ nc-Si. 2. MonumepHble
rmoporeny. HaHOKOMMNO3UTHbIE NNeHKN ¢ Y D-3aWmTHbIMM CBOMCTBAMU Ha OCHOBE NonuaTunieHa. 3.
MMopucTbii yrnepoga.

Tema 9. BoeHHble NpunoxXeHUs HaHOTeXHONOrnm

KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

B coctaBe MTOroBow KOHTPONbHOM paboThl

Tema 10. CoumnorymaHuTapHbie acnekTbl pa3BUTUs HAHOHaykKu U HAaHOTEXHONOrumn
KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

NTorosas koHTponbHasa paboTa u3 YeTbipex 3ag4aHuii, Kaxaoe N3 KoTopbix TpebyeT pa3BepHyTOro
oTeeta. [lpnmepHble 3anaHuns. [NoNHbIM CNNCOK BAPUAHTOB rnpunaraetcs K nporpamme ([punoxeHve
1). 1. Dante onpeneneHvne NnoHATUIO ?HaHoMaTepuansl?. 2. 10 Kakum xapakTepucTkam MOXHO
KnaccugouumpoBaTb HaHoMaTepuanbl? lNMprueeanTe ocHoOBHbIE Knaccudukaumn. 3. B uem
3aknoyaetcs cneumduvka dynnepeHoBbix CTPYKTyp? 4. Kakoe npumeHeHne doynnepeHam Bbl
3HaeTe? 5. B 4eM 0cobeHHOCTb YrnepoaHbIx HAHOTPYOOK? 6. MpuBeanTe NPUMeEpPbI NOANMEPHbIX
HaHomaTepuanos. 7. Kakne ocobble CBOMCTBA XapakTepHbl AN HAHOMOPOLWKOB? 8. YTo Takoe
KBaHTOBbIE TOYKWN?

pedoepart , NPUMEPHbIE TEMbI:

[MpuMepHble Tembl pedbepaTos. [MonHbIR cnucok Tem npunaraetcs K nporpamme (MpunoxexHwve 2). 1.
Vicnonb3oBaHne TEPMUHOB ?HAHOTEXHONOrMN?, ?HAHOMaTepuranbl? N ?HAHONPOOYKTbI? B ONMCaHUn
pbiHKa 2. CermeHTaumns pbiHKa HAHONPOAYKTOB BEAYLWMMN aHANNTUYECKUMN 1 KOHCANTUHIOBbIMU
koMmnaHuamn 3. Knaccudomkaums HaHonpoaoyktos 4. COCTOSIHME 1 TEHAEHUMN Npoaax
HaHOMPOAYKTOB B CEKTOPAX 1 CerMeHTax MMPOBOro pbiHka 5. MNMporHosnpyemble npoaaxu
HaHoMmaTtepuanos, Haxooswmxcs B paspaboTtke. 6. CLUA. 7. AnoHns, EBponeiickunii cotos. 8. KHP,
WNapawnnb, Pecnybnnka Kopes, NHons.

Tema . UToroesasi popma KOHTpons

MpuMepHbIe BONPOCHI K 3a4eTy:
MpumMepHble BoNpock! K 3a4eTy. MNonHbIA cNMCoK BONPOCOB npunaraetcs K nporpamme (Mpunoxexve

3).

1. [aiite onpeaeneHne TepMrHy KOHBEPTreHTHbIE TEXHOMOTN.
2. K kakmm 06 bekTaM NpMMEHNMO NOHATUE HAHOOObekTa?

3. B yeM 3aknioyaeTtcs cneungomka KOrHUTUBHbLIX TEXHOMOMMA?

4. Kakue ycnosus yCnewHoro passmutna HAHOTEXHONOMMIA U UX BHEOPEHUS BO BCE CApepbl XMU3HU Bbl
3HaeTte?

5. No4yeMy nosiBNeHne panmnkanbHO HOBbIX NPOOYKTOB SBASIETCS BaXHOW MPeanochbinkon Bbixoga m3
Kpuauca?

6. MNepeyncnute HekoTOpble NPOrHO3MpyeMble NOCNEACTBUS HAHOTEXHONOMMYECKON PEBOOLIUN.
7. YeM 3aHMMaeTCcsa TpaHCreHHas nHxeHepus?

8. MNo4yeMy HOBble MHTEHCMBHO HaKarnIMBalWmMecs 3HaHNUs 0 NOBEeAEHMMN 1 CBOMCTBAX
HaHoOMaTepuanoB B OKPyXatolel cpene HyXJalTcs B cucteMatnsauum n agantauumn?

9. [lante onpeneneHne NOHATUIO HAHOTEXHONOINN.

10. Kakue y3nbl MOryT coyetatb B cebe rubpuaHbie CUCTEMbI?

11. MokaxuTe CTPYKTypy HAHOMUPA C TOYKM 3PEHUS MEPAPXNYECKOIN CNOXHOCTM.

12. Kakast paamMepHOCTb MOXET bbITb Y 06 bEKTOB HAHOMMpa?

13. Kak MOXHO knaccmuumpoBaTtb HAHOOH6BEKTbI?

14. MNprBeauTe Knaccmgukauns HaHOO6BHEKTOB NO PA3MEPHOCTU C yKa3aHUEM MPUMEPOB.
15. HasoBute 0CHOBHble 06N1aCTN NPUMEHEHNSI HAHOTEXHOMNOTUA.
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7.1. OcHoBHas nuTeparypa:
1.l onosuH 0. BeeneHne B HaHOTEXHUKY.M.: 'MawmnHocTpoeHue': 2007 r. YuebHoe nocobue ans
BY30B.

2. MonoswH, KO.N. HaHomunp 6e3 chopMyn [OneKTpOHHBbIN pecypc): - NekTpoH. AaH. - M.:
'Nabopatopusi 3HaHwiA' (paHee 'BNIHOM. Jlabopatopusi 3HaHwuiA'), 2015. - 545 c. - Pexum goctyna:
http://e.lanbook.com/books/element.php?pl1_id=70736. - 3arn. ¢ akpaHa.

3.4.Myn-mn., ® OyaHc. HaHoTtexHonoruun. M.: TexHocdepa 2009 r. YuyebHoe nocobve onsi CTyaeHToB
BY30B.

4. AHppuesckuid, P. A. OCHOBbI HAHOCTPYKTYPHOro MatepuanoseaeHmns. BoaMoxHocTn n npobnemb
[OnekTpoHHbIN pecypc]: MOHOrpadgus. - ONeKTPoH. AaH. - M.: 'TlabopaTtopus 3HaHMiA' (paHee
'BUHOM. Tabopatopus 3HaHwuit'), 2014. - 255 c. - Pexum gocTtyna:
http://e.lanbook.com/books/element.php?pl1_id=66209. - 3arn. ¢ akpaHa.

7.2. lononHuTenbHasa nureparypa:

1. CnoBapb HAHOTEXHONOMMYECKNX N CBA3AHHbBIX C HAHOTEXHONOIMSAMUN TEPMUHOB [DNEKTPOHHbIN
pecypc]. - IneKTpoH. aaH. - M.: duamatnut, 2010. - 528 c. - Pexum goctyna:
http://e.lanbook.com/books/element.php?pl1_id=59750. - 3arn. ¢ akpaHa.

2. Moppimuyk, A. KO. Okonorus HaHoMaTepranos [ONEKTPOHHbIN pecypc]: y4ebHoe nocobue / A. HO.
MonobiMuyk, I'. . CaBenbes, A. . 3bikoBa. - AnekTpoH. aaH. - M.: 'Tlabopatopusi 3HaHWiA' (paHee
'BUHOM. JTabopatopus 3HaHwuit'), 2012. - 275 c. - Pexum goctyna:
http://e.lanbook.com/books/element.php?pl1_id=4355. - 3arn. ¢ akpaHa.

7.3. UHTEepHeT-pecypcChbl:
BecnnatHas anekTpoHHas 6ubnunoTeka oHnaiH - http://window.edu.ru/

KoHcopuwnym Kogekc OnekTpoHHbI (OOHA NPaBOBOA 1 HOPMATUBHO-TEXHUYECKOM LOKYMEHTaUun -
http://docs.cntd.ru/

Cant - http://www.portalnano.ru/read/tezaurus
Canr - http://ru.wikipedia.org
CanTt nsparenncrea - http:/pilotlz.ru/index.php

8. MarepmanbHo-TexHU4eckoe obecrneyeHne QUCLMUNINHbI(MOAYNS)

OcBoeHue agncumnnuHbl "CoBpeMeHHble NpobnemMbl HAHOMaTEPUANOB N HAHOTEXHONOT A"
npeanonaraeTt UCNONb30BaHNE Cneayowero MatepmnanbHO-TEXHNYECKOro 06ecneqyeHns:

PeructpaumnoHHbIin HoMep DAEKTPOHHEH
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToanYeckas nutepartypa ans 4aHHOW ONCLMMNAUHBI UIMEETCS B HAMYUN B
3NeKTPOHHO-6ubnnoteyHol cucteme "ZNANIUM.COM", poctyn K KOTOPOW NPeLoCTaBNEH CTyAEHTaM.
9BC "ZNANIUM.COM" conepXuT nponsseneHnst KpYnHENWmnX POCCUNCKNX Y4EHbIX, PyKOBOOUTENEN
rocynapCTBEHHbIX OpraHoB, nNpenogasartenei Bedywmx By30B CTpaHbl, BbICOKOKBANNULMPOBAHHbIX
CMeunanncToB B pasnunyHbix cdoepax brnsHeca. PoHL 6nbnmoTekn chopMMpPOBaH C y4ETOM BCEX
N3MEHEHMNI 06pa3oBaTENbHbIX CTAHAAPTOB M BKKOYAET y4ebHMKM, yyebHble nocobus, YMK,
MOHOrpadoun, asTopedoeparbl, guccepraumm, SHUMKNONEONN, CAOBapu U CNPaBOYHNKN,
3aKkoHo4aTeNnbHO-HOPMAaTMBHbIE OOKYMEHTbI, CNeunanbHbie Nnepnognyeckme n3agaHms n n3naHus,
BbiNyckaeMble nsgatenncrsamm By30B. B HacToswee Bpems 965C ZNANIUM.COM cooTteetcTByeT
BCceM TpeboBaHMaM hefepanbHbIX roCyaapCTBEHHbIX 0Opa3oBaTeNbHbIX CTAHAAPTOB BbICLIErO
npogoeccrnoHanbHoro obpasosanust (PrOC BI1O) HoBoro nokoneHus.

YyebHo-MeToamn4eckas nutepartypa ans 4aHHOW ONCLUMMNINHBI UMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe Mapatenbctea "flaHb" , AOCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbctea "/laHb" BKOYaeT B cebs aNeKTPOHHbIE BEPCUMUN KHUI U3AaTeNbCTBa
"IlaHb" 1 Opyrux Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, a TakXXe 9NeKTPOHHbIE BepCUmn
Nepuoanyecknx N3aaHnim No eCTeCTBEHHbIM, TEXHUYECKNM U r'yMaHUTapHbiM Haykam. OBC
NapatenbcTBa "/laHb" obecneynBaeT LOCTYN K HAyYHOI, y4ebHOM nntepaType 1 Hay4HbIM
nepuoanyecknm n3oaHmam no MakCManbHOMY KONMMYECTBY NPOOUbHbLIX HanpasneHui ¢
cobntoieHneM BCex aBTOPCKUX M CMEXHbIX Npas.

Ayantopum MHCTUTyTa (hr3KMK, OCHAWEHHBIE COBPEMEHHBIM MY/IbTUMEANAHLIM 000PYAOBAHUEM,
NO3BONSAOLWMM TPAHCINPOBATbL BUAEONPE3EHTALNN.

MNporpamma coctaeneHa B cooTBeTCTBUM € TpebosaHnamm @I OC BIO un yyebHbIM nnaHom no
HanpasneHuio 28.03.01 "HaHoTexHonornm n MMKPOCUCTEMHAs TexHMKa" 1 NPounio NOAroTOBKU He
npenycMOTPEHO .

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
CrtpaHnua 11 n3 12. 111 VHI:I

S OEMALIGH



Mporpamma amcumnnnmHel "CoBpeMeHHble NpobneMbl HaHOMaTepPManoB U HaHoTexHonoruii"; 28.03.01 HaHOTeXHONOrMN 1 MUKPOCUCTEMHAS
TexHuKa; OoueHT, K.H. bontakosa H.B.

ABTOp(bI):

Bbontakosa H.B.

"o 201 .
PeueH3eHT(bl):

emuHos P.I".

"o 201 r.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

BAE
il YHH

A 5 (1,

PervnctpaunoHHbili Homep
Crtpannua 12 n3 12.

o



