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1 BBEQEHME K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb aucuunnuubl: CdopmupoBaTb KOMMETEHUMM oby4datowerocds B 06MacTM HAHOTEXHOMOMM MyTem
3HAKOMCTBA C pPasfMYHbIMW TUMAMU HAHOCTPYKTYP >KUBOW M HEXMBOW Npuponbl, UX Knaccudumkaumen, oTnmumTeNbHbIMM
XapakTepuCcTkaMm, OCHOBaMM TEXHOSOTNI NOSyYeHNst U NOTEHLManNbHbLIMKU 00NacTIMN NPUMEHEHMS.

1.2 3apauv gMcuUUNUHbI:

* PaccMoTpeTb OCHOBHbIE 3Tanbl pas3BUTUS HAHOTEXHOMOIMINA,

« [laTb onpeAeneHne HAHOTEXHOMNOMNI B LIENTOM 1 CBSA3aHHbIX C 3TUM TEPMWHOB U NMOHATUNA,

* O3HaKOMUTb C XapakTepHbIMU 0COBEHHOCTAMMN HAHOCTPYKTYPHbIX BELLLECTB,

 [laTb 00Llee npeacTaBneHne O TEXHOMOMMAX NOMy4YeHUst HAHOCTPYKTYPHbIX BELLIECTB U MaTepuaros,

* MNokasaTb NnoTeHuunanbHble 06nacT¥ NPUMEHEHUS HAHOTEXHOMOTUIA.

1.3 Tpe6oBaHusA k NpeaBapuUTeNbLHON NOAroToBKe 06yyatroLlerocs:

MpeaBapuTensbHas NOAroToBKa NpeanonaraeT co3aaHne OCHOBbI A POPMUPOBAHUSA KOMNETEHLUMIA, YKasaHHbIX B M.
2, NPV U3YYEHUN OUCLUNIIVH:

YyebHasa npakTuka (03HakoMmuTernbHasa npakTvka)

O6Lwas 1 HeopraHmyeckas XMmns

MaTemaTuka

dusmka

AHanuTnyeckas XMMmus U prUsnKo-XxMMmMyYeckne MeToabl aHanmnsa
OpraHuyeckas Xummns

dusnyeckas xmmus

2 KOMMNETEHUMUN OBYYAIOLLEIOCA, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA OUCLIUMIINHDI

MK-2: Cnoco6eH ocyLecTBNATb BbINOMHEHMEe 3KCNepUMEHTOB U ochopMIieHNe pe3ynbTaToB UCCIiefOBaHUN N
pa3paboTok B 06nacTu XMMNYeCKOM TeXHONOIMMN opraHM4ecKknx 1 HeopraHM4Yecknx BellecTB

3HaTthb: KJ'IaCCVICbVIKaLI,VIIO, ocobeHHoCTH CTpoeHud, CBOWNCTBA, OCHOBHblIE METOAbl CMHTE3a U nony4vyeHuna opraHn4eckmnx u
HeopraHn4eCcKkux HaHOOOBHLEKTOB 1 HaHOMarTepunasnoB

YmeTb: npoBOAUTb 3KCNEPUMEHTbI C UCNOJIb30BaHNEM HaHOTEXHOMOrNN, HaHOOOBHLEKTOB 1 HaHOMaTepuanoB
BnapeTb: HaBbIKaMu uccnegoBaHus OpraHn4ecknx n HeopraHn4eckmnx HaHOOOLEKTOB 1 HaHOMaTepuanoB

3 PE3YNIbTATbI OBYYEHUA NO AUCUUNNUHE

O |KoHTakTHas

o < |paboTta

5@ NHHOBaLL. dopma

HanmeHoBaHue 1 cogepxaHue pasgenos, g = CP
9 g c dopmbl TeKyLLero
TEM 1 y4eOHbIX 3aHATUI s INek. Mp. (vachbt) M

Sg 3aHATUN KOHTpOns

S (vachl) | (4achbl)

Pasgen 1. Uctopusa passutus
HaHOTEXHOMNOMN

Tema 1. MecTo HaHOpa3mMepHbIX 06 HLEKTOB B
OKpyXatoLiem Mmupe. HaHoTexHonorus. 1 2 nn
HaHouHgycTpus.

Tema 2. NMpegnocbIfku pasBuTms
HaHOTexHonorun. Hay4yHo-TexHm4eckui
nporpecc. JBOOLMUA IMINPUYECKOTO U

1 3 4 nn
TEOopeTU4EeCKOro Hay4Horo 3HaHus.
MpakTnyeckoe 3aHsaTHE: ceMmnHap «4YTo Mbl
3HaeM O HAHOTEXHOMOrMAX» 5 C)
Tema 3. OTanbl pa3BUTUS HAHOTEXHONOTUNA:
OT Teopun DPOYHOBCKOrO ABWMXEHMUS [0 2 2 nn

MaHUNynmMpoBaHNUA MOJiekyniamMmmn nu atoMamMu.

Tewma 4. VicTopusi OTKpPbITUA YriepoaHbIX
HaHOO6beKTOB. [naToHOBbLI U ApXMMeLO0BbI
Tena. dynnepeHbl. Buckepsbl. YrnepogHbie
HaHOTPYOKN. 1 2 6 nn
MpakTnueckoe 3aHsTUe: ceMuHap «Pornb
TeXHMYecknx paspaboTok XX Beka B
pasBUTUN HAHOTEXHOMOrMN»




Paspen 2. HaHOOGBHEKTLI U HAHOMAaTepuUansl

Tema 5. OCHOBHbIE TEPMUHbI 1 ONpeaeneHus.
Knaccudmkayms HaHOOOHEKTOR U 2 2
HaHOMaTepuanos.

nn

Tema 6. MHoroo6pasne HaHOOOHLEKTOB U
HaHoMaTepuanoB. HaHOOGBEKTbI XKMBOW 1 2
npupoabl.

nn

Tema 7. MHoroobpasne HaHOOOBLEKTOB U
HaHomaTepumanoB. HaHOOOBLEKTbI HEXNBON
npupoabl. TeXHOreHHble HaHOMaTepuansol. 1 2 4
MpakTuyeckoe 3aHsaTMeE: ceMnHap «>KusHb B
OKPYXXEeHUN MUpUagoB HAHOYACTULL»

nn

Tema 8. OcobeHHOCTUN CTPYKTYPbl U CBOWCTB
MaTepranoB B HAHOCOCTOSHUN.
MpakTuyeckoe 3aHATHE: ceMUHap «Pa3nnuns
B CBOMCTBaX Makpo U HAaHOOOBEKTOBY

nn

Pasgen 3. lNony4veHune n obnactu
NPUMEHEHNS HAHOMaTepKarnoB

Tema 9. OCHOBHbIE NPUHLMUMBI NOAYYeHUS
HaHOOOBEKTOB U HaHOMaTepPUaros.
MpakTuyeckoe 3aHsaTME: CEMUHAP 2 2 4
«HaHoTexHonorMm Ha cTpaxe 340pOBbs
YyenoBeka»

nn

Tema 10. O6nact npUMeHeHUs
HaHOTEXHONOrnn. OTe4YEeCTBEHHbIV U
3apybeXHbIN ONbIT NO NPAKTUYECKOMY
BHEAPEHMIO HAHOTEXHOMOIUIA. 2 2 4
lMpakTnyeckoe 3aHsATME: CEMMHAP
«lpumeHeHne HaHOTEXHONOrMM B aBna- n
MaLLNHOCTPOEHNN»

Ko

nn

Tema 11. Puckn pasButms HaHOTEXHOSOMMIA:
NPOrHo3, ynpasneHue puckamu,
nppaumoHanbHble NOCNeAcTBUSA. JTUKA U
coumanbHas OTBETCTBEHHOCTb YYEHOrO. 1 3 5,75
MpakTuyeckoe 3aHsTMe: cemunHap «byayuiee
YenoseyecTBa B CBETe pa3BUTUSA

nn

HaHOTEXHOMNOrnm»
UTtoro B cemecTpe (Ha kypce ansa 3A0) 16 16 39,75
KoHcynbTauum 1 npoMexyToyHasa attectaums 0.25
(3aver) '
Bcero koHTakTHasa pab6orta u CP no 32.25 39.75

AUCLMMIIMHE

4 KYPCOBOE NPOEKTUPOBAHUE
KypcoBoe npoekTupoBaHue y4eGHbIM NaHoOM He NPeayCMOTPEHO

5. ®OHJ OLIEHOYHbIX CPEACTB ANA NPOBEAEHUSA NMPOMEXYTOYHOM ATTECTALIUK
5.1 OnucaHue nokasarernen, KpUTepUeB Y CUCTEMbI OLLEHUBaHNSA pe3ynbLTaToB o6yyeHus

5.1.1 NokasaTtenu oueHUBaHUA

Kog

MNokasaTenu oueHnBaHNs pe3ynbTaTtoB O6y‘-IeHI/IF|
KoMmneTeHumnn

HanmeHoBaHWe oLeHOYHOro
cpencrea

MepeuncnseT OCHOBHbIE KNAcChl HAHOOOBLEKTOB OPraHNYECKON U
HeopraHn4eckon NpUpPoabl.

PackpbiBaeT NpuHUMNbI NOfyYeHUs1 HAHOOOLEKTOB.

MK-2 CocTaBnsieT 0630pbl OpraHN4eCKNX U HeopraHM4ecknx HaHomaTepumanos
N HaHOOBBEKTOB, packpbliBaeT 06racT 1 0COBEHHOCTM NX MPUMEHEHMUS.
MopbupaeTt onTMManbHble METOAbLI UCCIEAOBAHMS CBONCTB
OpPraHNYecKnx N HEOPraHMYEeCKNX HAaHOOOBEKTOB.

Bonpockl ycTHOro
cobecenoBaHus
MpakTnko-opMeHTUpOBaHHbIE
3agaHus




5.1.2 Cnucrema v KpuTepmm oL eHNBaHUA

Kputepumn oueHnBaHna chopMMpPOBaAHHOCTM KOMNETEHLIMI

LLikana oueHnBaHus
YcTHoe cobecenoBaHue NncbmeHHas pabota

O6yuvatowmincs nokasbliBaeT 3HAHUS
OCHOBHOIO y4ebHOro Mmatepuana B
MUHMManbHOM 00bemMe, Heobxoanmom Ans
AanbHenwen y4ebbl; TMG0 [OCTAaTOUHbIN
YPOBEHb 3HAHWI B Npefenax OCHOBHOMO
y4yebHoro matepuana; nnmbo BCECTOPOHHEE,
cucTemaTmyeckoe 1 rnybokoe 3HaHue
OCHOBHOIO M AOMNONHUTENBHOIO y4e6HOro
MaTepuana.

CnpaBnsieTcsi ¢ BbINOMHEHNEM 3a4aHWN,
nNpeayCcMOTPEHHbIX Nporpammon 6e3
ownbok, nmMbo gonyckas npu aTom
HEKOTOPOE KONMMYECTBO
HenpuHUMNanbHbIX OLWNMGOK Unn
HecyLeCTBEHHbIX NMOrpeLlHOCTEN.
Ob6nagaeT HEOOXOAUMBIMU 3HAHUAMW AN
MX YyCTPaHEeHNs1 CaMOCTOATENBHO UK Noga
PYKOBOACTBOM NpenogaBaTernsi.

3HaKoM C OCHOBHOW NUTepaTypon,
pekoMeHAO0BaHHOW NPOrpaMmMon.

3ayTeHo

Obyuvatowmnca obHapyxmBaeT npobensl B
3HaHMSAX OCHOBHOrO y4ebHOro MaTepuana,
JonyckaeT npuHUMNuanbHble OLIMOKM B

He 3auTeHo BbINOSTHEHWUN NPeayCMOTPEHHbIX
nporpaMmmMmon 3aaHui, He 3HaKOM C
peKoMeH0BaHHOW NUTepaTypon, He MOXeET
UCnpaBuTb JOMYLLEHHbIE OLUMGKM.

5.2 TunoBble KOHTPOJIbHbIE 3aAaHUA UNN UHbIe MaTepuarbl, HeO6XxoAUMbIe ANSl OLLleHKM 3HAaHUMW, YMEHUN,
HaBbIKOB U (MNK) onbiTa AeATENbHOCTU
5.2.1 MNepeyeHb KOHTPOSIbHbLIX BONPOCOB

Ne n/n | DOpMYNMPOBKM BONPOCOB

Cemectp 5

MoHATME HaHOpa3MepHOro oGbeKTa U HaHOCTPYKTYPHOro MaTtepuana.

Mpeanocbinkn pa3BuTUst HAHOTEXHOMOTUNA.

OTansl pa3BuTuA HAHOTEXHOSOTNNA.

HaHoo6bekTbl BOKpYT Hac: BYepa, CErofHsi, 3aBsTpa.

HaHoo6beKThI XMBOW NpUpoab!.

HaHOO6BbEKTLI HEXMBOWM NPUPOAbI.

Oco6EHHOCTU CTPYKTYPbI 1 CBOWCTB HAHOOOHLEKTOB.

OCHOBHblE npuHUUNbI NoJ1y4eHnqa HaHOOOBLEKTOB.

Ol|o|N|o|O|h|WIN]|F

MpakTnyeckoe NpUMEHEHNE HAHOTEXHOMOTUIA.

10 Puckn, cBsisaHHble C pa3BUTUEM N MPUMEHEHNEM HaHOTEXHOMOMUN.

11 OTuka n counanbHas OTBETCTBEHHOCTb YYEHOrO B CBETE Pa3BUTUS HAHOTEXHOMOMUN.
12 YrnepogHble HaHOTPYOKM.

13 dynnepeHsbl.

14 Buckepebl.

15 BnuvsiHne HaHogo6aBOK Ha CBOMCTBA KOMMNO3WULIMOHHOTO MaTepuana.

16 HaHoTexHonorun. OnpegenexHne u TEPMUHbI.

17 Knaccudukauust HaHOOOBEKTOB M HAHOMATEPWAIOB.

18 HaHo4acTuubl MeTannos, MeToAbl NOMyYeHUs.

19 NcTopus OoTKpbITUS YrepoaHbliX HaHOYaCTuUL.

20 MepcnekTnBHbIE HaNPaBeHNA HaHOTEXHOMNOMMI

5.2.2 TunoBble TecToBble 3aAaHNA
He npegycmoTpeHo




5.2.3 TnoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3aAaHuA (3agayv, Kenchbl)

Mpumep NPaKTUKO-OPUEHTUPOBAHHOTO 3a4aHUA: Kak MU3MEHUTb PEONOrMYecKkue CBOMCTBA NONMMMEPHbIX
TEPMOPEaKTUBHbIX CBSA3YHOLLUX?

KpaTkuii npumep oTBeTa: oiHUM 13 Hanbornee pacrnpocTpaHEHHbIX, B OTpacny NponsBoacTBa KOMMNO3UTHbIX
martepuarnos v U3genuin U3 HUX, MeToaom MoanduKaLmMm peonormyecknx CBOMCTB NONMMMEPHbIX TEPMOPEaKTUBHbIX
CBSI3YIOLLMX SIBMNsieTCA BBeAeHMe B HUX JobaBoK Anokcuaa KpeMHus, nmbo B BMOe HaHOpasMepHOro nopotuka, nméo B
BUe YacTull, coaepxalunx HaHonopbl. Bnarogaps BbICOKOW Mol aan yaenbHOW NoBEPXHOCTU AaHHas obaBka MOXeT
n3bumpaTtenbHO NormnoLaTh U3 OKpYXXatoLLle cpeibl UMy CBA3bIBAThL rasbl, Napbl U PacTBOPEHHbIE BelllecTBa. B
pacTBopax CBA3YIOLLMX OHA CMNOCOOHa yYBenuuMBaTh BA3KOCTb, U CriefoBaTeNbHO MEHATL MX TeYeHWe, YTO aKTyarnbHO,
MapannenbHO HaHOPa3MepPHbIN 1 HAHOMOPUCTBLIX AMOKCUA,
KPEMHUS MOXXET NOBbILLATL NPOYHOCTHBIE XapakTEPUCTMKN U M3HOCOCTOMKOCTb Matepuanos (MnacTukK, CMOrbl, Pe3uHbl,

HanpuMep, Npy hOPMOBaHUU B BepTUKATbHbIX (DOpMaXx.

Kay4dyku, 6eToH, acdanbT 1 np.), ynyywaTtb TEPMOAMHAMUYECKUE XapaKTEPUCTUKN (TEPMOCTONKOCTb,

TennonpoBOAHOCTb) MaTepmarnos; yrnyywaTbe TPMBonornyeckne xapakTepmMcTuKM (NoBbILLAET YCTONYNBOCTD K
ucTnpaHuio). B HacTosiLee Bpemsi Hanbonee M3BECTHA HEMELIKAA TOproBasi Mapka Avokcuaa kpemHuss —  Aerosil.

5.3 MeToau4yeckue matepuanbl, onpegensilowme npoueaypbl OLleHUBaHUS 3HAHMW, YMeHUN, BNnageHun (HaBbIKOB
1 (MNK) NPaKTU4EeCKOro onbiTa JEeATEeNIbHOCTH)
5.3.1 YcnoBusi gonycka o6y4aroLierocsi K NpoMeXxyTo4YHOM aTTecTaumMm 1 NopsaaoK NMKBMAaUUMN akageMnu4ecKomn

3aA0JTIXKEeHHOCTU

lMpoBeaeHve NPOMEXYTOYHOM aTTecTaummn pernameHTUPOBaHO NoKanbHbIM HOpMaTUBHbLIM aktom CM6IYITA
«[lMonoxeHue 0 NpoBeAEeHNM TEKYLLErO KOHTPOS YCNeBAEMOCTU 1 NPOMEXYTOYHOM aTTecTaumnm obyyatoLmxcay»

5.3.2 ®dopma npoBeaeHNA NPOMEeXyTOYHOWN aTTecTauMu No AUCLUNIINHE

YcTHas +

MucbmeHHas

KOMI'Ib}OTepHoe TecTupoBaHune

5.3.3 Ocob6eHHOCTHK NpoBeAeHUs NPOMEXYTOYHOM aTTecTaumm No gUcuuniimHe

NHasa

O6yuyatowemycs gaetcst 20 MMHYT Ha NOArOTOBKY MO BOMpPOCaM YCTHOro onpoca u 10 MUHYT Ha YCTHbIN OTBET.
[ns HanncaHnsa acce paetca 40 MUHYT.

6. YHEBHO-METOAWYECKOE U MH®OPMALIMOHHOE OBECNEYEHUE OUCLUNIIUHBI
6.1 YyebHasa nutepartypa

AsTop 3arnasue MN3paTtenbcTBO | [oa nspaHnsa | Ccblinka
6.1.1 OcHoBHas y4yeOHasa nutepartypa
Acees, A. J1. MonynpoBOAHMKU K Hosocubunpck: https://www.iprbooks
HaHOTEeXHonormm HoBocunbupckuii 2023 hop.ru/134582.html|
rocyaapCTBeHHbIN
yHMBEpCUTET
Bnecman, A. 1., MeToabl uccnegosaHmsa https://www.iprbooks
[aHblwuHa, B. B., HaHoMaTepuarnos Mockea: An Nn Ap Meguna 2023 hop.ru/128969.html
MonoHsaHkuH, . A.
CmupHos, B. U. dur3nyeckme OCHOBbI Mocksa, Bororaa: UHdpa https://www.iprbooks
HaAHOTEXHOMOrMNn n -|,/|H)KeHepVI.$| 2023 hop.ru/133308.html
HaHomaTepuanbl
anoukvH, B. A. BBeaeHve B HaHOTEXHOMNOMMM Mocksa, Bororaa: VHdpa https://www.iprbooks
N HAHO3NEKTPOHUKY ’ ) P 2023 hop.ru/133311.html
-NhxxeHepus
LLeByeHko, N. M., MeToabl AMarHOCTUKN U ) https://www.iprbooks
AcHasa, M. A., bnivHoB, | aHanu3a HaHOCUCTEM Crasponons: quepo- hop.ru/135705.html
A. B., Brintosa, A. A., Kaskasckuit 2023
Ucnmpsn, A. T. henepankHeli
YHMBEPCUTET
6.1.2 lononHuTenbHasa y4yebHas nutepartypa
O. B. ActawkuHa, A. BBseneHruve B Canr-AeTen6vor http://publish.sutd.ru/
A. JlbiceHko, A. B. HaAHOTEXHOMOrMIo CFIGFVI'I?',D,yp ) 2021 tp_ext_inf_publish.ph
MonaHckuin p?id=202129
TumowuHa, HO. A., BBegeHune B HaHOTEXHOMOMMN Ka3zaHb: KasaHcKkuii http://www.iprbooksh
Bo3sHeceHckui, 3. . HaLMOHaIbHbIN 0p.ru/109536.html
nccnegoBaTenbCKUN 2019
TEXHOMOrn4eckmm
YHMBEPCUTET
A. A. JlbiceHko, H. B. DU3NKO-XMMMA U NOMyveHNE CankT-MeTen6vor http://publish.sutd.ru/
[unaHknHa HaHo4acTuy, CFI6FVI'I?',D,yp ) 2020 tp_ext_inf_publish.ph
p?id=2020126




O. B. AcTauwkuHa, B.
A. XKykosckui, A. A.
J1blceHKko

qDYHD,aMeHTaJ'IbeIe OCHOBbI
MHHOBAUMOHHbIX
TEKCTUNbHbIX TEXHOSOTMN.
CDyH,qameHTaanble OCHOBbI
B obnactu xumum n
HaHOTEXHONormm npu
pa3pa60TKe MHHOBAUMOHHbIX
TEKCTUSbHBIX TEXHOSOMI

CaHkr-lNeTepbypr:
crierynta

2021

http://publish.sutd.ru/
tp_ext_inf_publish.ph
p?id=202130

6.2 NepeyveHb NpodeccnoHanbHbIX 6a3 AaHHbIX U MH(OPMALMOHHO-CNPABO4YHbIX CUCTEM
PedepaTtuBHas n cnpaBo4yHas 6a3a gaHHbIX PeLEH3npyeMon nutepaTypbl Scopus [OnekTpoHHbIn pecypc]. URL:

https://www.scopus.com

OneKTpoHHO-6MbnuoTeyHasa cuctema IPRbooks [3OnekTpoHHbIn pecypc]. URL: http://www.iprbookshop.ru/

6.3 MepeyeHb NULIEH3NOHHOrO U CBOGOAHO PacnpoCTpPaHsAeMOoro nporpaMmmMHoro o6ecneveHus

MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnncaHue maTepuanbHO-TeXHU4YeCKon 6a3bl, Heo6Xo0AUMOM ANs ocyllecTBNeHusi o6pasoBaTenbHOro
npouecca no AMcumnnuHe

AyanTtopus OcHalleHne

MynbTumeauiiHoe obopyaoBaHue, crneumannsnpoBaHHas Mebenb, Aocka
JlekumoHHas Y A PYA H P A
ayautopus

YyebHasa ayautopus

CI'IeLI,I/laJ'II/I3VIpOBaHHaF| mebenb, gocka
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