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1 BBEOEHME K PABOYEW NPOrPAMME OUCLUMNIIUHbI

1.1 Uenb aucumnnuubl: CchopmmnpoBaTtb KOMNETEHLMU obyvatowerocs B 06racT HAHOTEXHOMOMMIA MyTeMm
3HaAKOMCTBa C PasnuYHbIMU TUNAMN HAHOCTPYKTYP >KUBOW N HEXUBOMW NpMpOoabl, UX Krnaccudurkaumen, oTAminTensHbIMK
XapakTepuCcTUKaMm, OCHOBaMM TEXHONOMUIA NONyYeHMs N NOTEHUMaNbHbIMU 0611acTaAMM NPUMEHEHUS.

1.2 3apgauv AUCLMUNNUHBI:

» PaccMoTpeTb OCHOBHbIE 3Tarbl pa3BUTUS HAHOTEXHOITOTUN,

» [laTb onpeaeneHne HaHOTEXHOJIOTUIA B LLEESTOM M CBSI3@HHbIX C 3TUM TEPMUHOB U MOHATUNA,

* O3HaKOMUTb C XapaKkTepHbIMU 0COBEHHOCTAMU HAHOCTPYKTYPHbLIX BELLECTB,

+ [latb obLee npeacTaBieHNE O TEXHOMOMMSAX NOMYyYEHUSs HAHOCTPYKTYPHBIX BELLECTB M MaTepuUanos,

* [Moka3aTtb NoTeHuManbHble 0611acT NPUMEHEHUSA HAHOTEXHOSOTMIA.

1.3 TpeboBaHuA K NpeaBapuTeNibLHON NOAroToBKE OOy4aloLerocs:

MpeaBapuTenbHasi NOAroToBKa NpegnonaraeT co3gaHne OCHOBbI 45151 POPMUPOBAHUSA KOMNETEHUNIA, YKa3aHHbIX
B M. 2, MPU N3y4EeHUN ANCLUMIINH:

YuebHas npakTuka (03HaKoOMUTENbHAasA NpPakTUKa)

OOwas n HeopraHnyeckast XuMunsi

MaTtemaTuka

dusmka

AHanuTrnyeckas XMMmmsa n prusnMKo-XxMMmnyeckne MeToabl aHannsa
OpraHuyeckas XmMmmns

duanyeckasn xmmus

2 KOMNETEHUMN OBYYAIOWWEIoCs, ®OPMUPYEMbBIE B PE3YJNIbTATE OCBOEHUA OUCLUMNNHDbI

MK-2: Cnoco6eH paspabaTbiBaTb ONbITHbIE 06Pa3Lbl HAHOCTPYKTYPUPOBAHHbLIX KOMMO3ULMOHHLIX MaTepuanos

3HaTb: NCTOPUIKO pa3BUTUA HaHOTEXHONOrnmn, MeToabl nony4yeHus, CBOWCTBa U obnacTu NPpUMEHEeHUA HaHOOOBLEKTOB U
HaHOMaTepunasroB

YmeTtb: OCyLUEeCTBNATb Bbl60p HeobXxoaUMbIX HAHOOOBHEKTOB A4S nony4yeHna HaHOCTPYKTPUPOBAHHBLIX KOMMNO3NLUOHHbIX
mMaTepumanos C 3agaHHbIMU cBONCTBaAMM

Bnapetb: HaBblkaMu pa6OTbI C HaHoobbekTamm npu nony4vyeHunn oOnbITHbIX 06pa3LI,OB HaHOCTPYKTPUPOBAHHbIX
KOMMNO3ULIMOHHbIX MaTtepunanoB C 3agaHHbIMU CBOMCTBaAMMU

3 PE3YNIbTATbI OBYYEHUA NO AUCUUNNUHE

KoHTakTHas
paboTta

cP MHHoBAaL. dopma

¢opmbl TekyLiero
yachl y
( L?ai';) (qgg')l) ( ) 3aHATUIA | KOHTpons

HaumeHoBaHWe u cogepxaHue pasgenos,
TEM U y4eOBHbIX 3aHATUI

CewmecTtp
(kypc onsa 3A0)

Pasgen 1. UcTopus pas3sutus
HaHOTEXHONOrmm

Tema 1. MecTo HaHOpa3MepHbIX 00BHLEKTOB
B OKpyxatwllem Mmupe. HaHoTexHonorus. 1 2 nun
HaHouHpycTpus.

Tema 2. Mpeanockinku pas3suTus
HaAHOTEXHOMOIMM. Hay4yHo-TexHnyeckun
nporpecc. JBOMOLUMA 3MNUPUYECKOTO W
TEOPETUYECKOro Hay4HOro 3HaHWus.
MpakTnyeckoe 3aHATUE: ceEMUHAP «YTO Mbl
3HaeM O HAHOTEXHOMNOrUAX»

Tema 3. Tanbl pasBUTUA HAaHOTeXHonormi:| 5
OT Teopun BGPOYHOBCKOro [ABWXKEHUA [0
MaHUNynMpoBaHusi MoneKynamm "
aTtoMamu.

Tema 4. Nctopus OTKpbITUSA YrrepoaHbIX
HaHOO6beKToB. [NaToHOBbI U ApXUMeaoBbI
Tena. ®ynnepeHsbl. Buckepsl. YrnepoaHbie
HaHOTPYOKM. 2 3 4 nn
MpakTuyeckoe 3aHgaTME: cemuHap «Ponb
TeXHMYecknx paspabotok XX Beka B
pPa3BUTUN HAHOTEXHOJTOTNNY

Paspen 2. HaHooObekTbl " @)




Tema 5. OcCHOBHble  TEepMUHbI WU
Knaccudukauusa 2 2 nn
HaHOOOBEKTOB 1 HAHOMAaTEepWanos.

onpeneneHus.

Tema 6. MHoroobpasne HaHOOOBLEKTOB U
HaHomaTepranoB. HaHOOGBLEKTbI XUBOW 1 2 nn

npupoabl.

Tema 7. MHoroobpasne HaHOOOBLEKTOB U
HaHoMaTepunanoB. HaHOOObEKTLI HEXMBOWN
npupogbl. TexHoreHHble HaHoMaTepuarnbl. 1 2 4 un
MpakTnyeckoe 3aHATUE: ceMuHap «XKu3Hb
B OKPY)XEHMM MMPUAL0B HAHOYaCTML»

Tema 8. OcCOBeHHOCTM CTPYKTYpbl U
CBOWCTB MaTepunarnoB B HAHOCOCTOSIHUMN.
3aHsdTHE: cemMuHap 2 2 4 un

MpakTnyeckoe
«Pasnnuna B
HaHOOOBHEKTOB»

CBOWMCTBaX Makpo w

Paspen 3. [lonyyeHne u obnactu
npUMeHeHUsi HaHoOMaTepmnanos

Tema 9. OCHOBHblEe NMPUHLUMbLI MOSy4YEHMUS
HaHOOOBEKTOB 1 HAHOMAaTepuanos.

MpakTnyeckoe 3aHsdTHE: cemMuHap 2 2 4 un
«HaHoTexHomorm Ha cTpaxe 340pOBbS

yernoBekay Ko
Tema 10. O6nactu NPUMEHEHMS

HaHOTEXHOJIOMUNA. OTeyecTBEHHbIN 7]

3apy0eXHbI  OMbIT MO  MPaKTU4ECKOMY

BHEOPEHWI0 HAHOTEXHOSOIUI. 2 2 4 nn
MpakTnyeckoe 3aHATHE: cemuHap

«prmeHeHme HaHOTEXHOMNOrMN B aBna- u
MaLUNHOCTPOEHUN»

Tema 11. Puckn pasButnsg HaHOTEXHONOMMIA:
NPOrHos, ynpaBneHune p1ckamu,
uppauMoHarbHble NocrneacTsus. JTnka U
coumanbHas OTBETCTBEHHOCTb YYEHOTO. 1 3 5,75 mn

MpakTnyeckoe

«byayuiee yenoeeyecTBa B CBETE pa3BUTUSA
HaHOTEXHOOTUNY

3aHATNe!: ceMunHap

UTtoro B cemecTpe (Ha kypce ans 3A0) 17 17 37,75

KoHcynbTaumm 1 npoMexyToyHasi

atTecTtauus (3aver) 025

Bcero koHTakTHasa pa6bota u CP no

34,25 37,75
OVUCUMMIIMHE

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTupoBaHue y4eBHbIM NiaHoM He NpeaycMoTpeHo

5. ®OH[} OLLEHOYHbIX CPEACTB AN NPOBEAEHUA NMPOMEXYTOYHOWU ATTECTALMU

5.1 OnucaHme nokasarteneun, KpUTepMeB U CUCTEMbI OLLEHMBAHUA pe3yNbTaToB 00yYeHus
5.1.1 NMokasaTtenu oueHMBaHUSA

Kon HanmeHoBaHWe oueHOYHOro
MokasaTenu oueHnBaHWs pesynbTaToB 00y4YeHus
KoMneTeHummn cpeactea
MepeuncnsaeT OCHOBHblE KNacCbl HAHOOOBLEKTOB XMBOW W HEXUBOMN
npupoabl.
PackpblBaeT NpuHUMNbI NOy4YeHNs1 HAHOOOHLEKTOB.
o Bonpochl YCTHOro
AHanmampyeT OCOBGEHHOCTU CTPYKTYpbl M CBOWCTB MaTepuarnioB B
cobecefoBaHus
MK-2 HaHOCOCTOSIHUN.

CocrtaBnsieT 0630p HaHOO6BEKTOB M 0bnacTen nx NPUMeEHeHNs.
Mopbupaet TexXHonorum " meToabl nomny4eHus
HaHOCTPYKTYPUPOBaHHbIX KOMMO3MLIMOHHbIX MaTepuarnos B
3aBMCKMMOCTM OT NOCTABIEHHbIX 3a4au.

MpaKTMKO-OPUEHTUPOBAHHbIE
3apaHns




5.1.2 Cucrema v Kputepmum oLeHNBaHUA

Kputepum oueHnBaHns chopMMPOBAHHOCTM KOMMNETEHLMN

LLikana oueHnBaHus
YcTHoe cobecenoBaHue MncbmeHHas paboTa

O6yuatowuics nokasbiBaeT 3HaHKSA
OCHOBHOrO  y4yebHOro martepvana B
MWHUMarnbHOM 0Obeme, HeobXoaAnMOM

ans JanbHenwen y4ebbl; nvoéo
[OCTaTO4HbIA ~ YPOBEHb  3HaHUN B
npepenax OCHOBHOTO yyebHoro
mMaTepuana; nnéo BCECTOPOHHEe,

cuctematmyeckoe U rnmybokoe 3HaHue
OCHOBHOIO W [OMOMHUTENBHOrO y4ebHoro
maTtepuvana.

3auTteHo CnpaBnseTcsi C BbINOMHEHMEM 3aJaHun,
npeaycMOTPeHHbIX  nporpammoni  6e3
OLLMBOK, nubo ponyckas npu  3TOM

HEeKOTOopoe KOJnM4ecTBO
HenpuHumMnmanbHbIX owmnbok mnun
HeCyLWEeCTBEHHbIX I'IOFpeUJHOCTeVI.

O6nagaet He06Xx0AUMbBIMU 3HAHUAMM OIS
WX YCTPaHEHWsi CaMOCTOATENbHO MW Noj,
pYyKOBOACTBOM npenogasaTtens.

3HakoOM C OCHOBHOW  nuTepaTypowu,
pekoMeHA0BaHHOW NPOrpaMmon.

O6yvatowwmiics obHapyxunBaeT Nnpobensl B
3HaHMAX OCHOBHOrO y4ebHoro Mmatepumana,
AonyckaeT npuHUMNManbHble OWubku B
He 3auteHo BbIMOMTHEHUM nNpeayCcMOTPEHHbIX
nporpaMMon 3agaHui, He 3HaKkoM C
pPEKOMEHOBaHHOW  NUTepaTypon,  He
MOXeT UCMpaBUTb AOMNYLLIEHHbIEe OLUNOKHN.

5.2 TunoBble KOHTPOJIbHbIE 3alaHUS UMK UHbIE MaTepuarnbl, HeO6xoAMMble NS OLeHKU 3HaHUW, YMEHUH,
HaBbIKOB U (UNK) onbiTa AEATENbLHOCTU
5.2.1 MNepeyeHb KOHTPOSbHbLIX BONPOCOB

Ne n/n | DopMynmnpoBKM BONPOCOB

Cemectp 5

Monsatne HaHOpa3MepHOoro obbekTa un HaHOCTPYKTYPHOro martepuana.

I'Ipep,nocun K1 pasButTuna HaHOTEXHOMOIMMI.

OTanbl pa3BnTuA HaHOTEXHOMNOMNA.

HaHoobbekTbl BOKpPYr Hac: BYepa, cerogH4d, 3aBTpa.

HaHoo6bekTbl XXMBOW NpUpoabl.

HaHOO6bEeKTbI HEXMBOW NPUPOAbI.

OcobeHHOCTM CTPYKTYpPbl M CBONCTB HAHOOOBEKTOB.

OcHOBHbIE NPUHUUNDbI NOJNTyYeHUA HaHOOOBHEKTOB.

Olo|N|o|O|~|WIN]|~

I'IpaKqueCKoe npuMeHeHne HaHOTEXHOMOMMN.

10 Pucku, cBsizaHHble C pa3BUTUEM U NPUMEHEHNEM HAHOTEXHOMOMMIA.

11 OTuka n counanbHas OTBETCTBEHHOCTb Y4EHOro B CBe€T€ pa3BuUTUA HaHOTEXHOSOMUN.

12 YrnepogHble HaHOTPY6KM.

13 dynnepeHbl.

14 Buckepbl.

15 BnusiHne HaHogo6aBOK Ha CBOMCTBA KOMMO3ULIMOHHOTO maTtepuana.

16 HaHoTexHonorun. OnpegeneHne n TepMuHbI.

17 Knaccudukaumsa HaHOOObEKTOB M HAHOMAaTEPUanoB.

18 HaHo4acTuubl MeTannos, MeToAbl NOAYyYEHNUS.

19 NcTopms oTKpbITMSA YriepodHbIX HAaHOYaCTUL.

20 MepcnekTuBHbIE HANPaBreHNsA HaHOTEXHOMNOMI

5.2.2 TunoBble TECTOBbIE 3a4aHus
He npegycmoTpeHo



5.2.3 TunoBble NPaKTUKO-OPUEeHTMPOBaHHbIE 3a4aHuA (3aAayu, Keuchbl)

MpuMep MNPaKTUKO-OPUEHTUPOBAHHOMO 3afdaHus: Kak W3MEHUTb pPeosiorMyeckme CBOWCTBA MOSIMMEPHBIX
TEPMOPEAKTUBHBIX CBSA3YOLLNX?

KpaTkuit npumep oteeTa: ogHUM M3 HaubBoriee pacnpoCTpaHEHHbIX, B OTPAciy NpOU3BOACTBA KOMMO3UTHBIX
mMaTepuarnioB U U3Oenvin U3 HUX, METOAOM MOAWUMUKALMM PEOSIOTMYECKMX CBOWCTB MONUMEPHBIX TEPMOPEAKTUBHBIX
CBASYIOLMX SBMSETCS BBEAEHWE B HMX f06aBOK OMOKCMAa KpeMHus, Nvbo B Buae HaHOpa3MepHOro nopolka, nuéo B
BUZE YacTul, cofepxalumx HaHonopsl. Brnarogaps BbicOKo Nrowaau yaensHov NoBepXHOCTY AaHHas fobaBka MoXeT
nsbumpatenbHO NornoLlaTh U3 OKpYXKatoLLel cpeabl U CBSA3bIBATL rasbl, Napbl M pacTBOPEHHbIE BellecTBa. B pactBopax
CBSA3YIOLLMX OHA CNOCO6Ha yBENUUMBATL BA3KOCTb, Y CreAoBaTelIbHO MEHSITb MX TEYEHWE, YTO aKTyaslbHO, Hanpumep, Npu
hopmoBaHNM B BepTHKasbHbIX popmax. [MapannensHo HaHOPasMepHbI U HAHOMOPUCTLIX AUOKCUA KPEMHUSI MOXeT
NOBLILIATb NMPOYHOCTHbLIE XapaKTePUCTUKM U U3HOCOCTOMKOCTL MaTepuasioB (MacTukK, CMOIbI, PE3UHbI, Kay4yku, GETOH,
acganbsT 1 np.), ynyywartb TepMoanHamMmMYeckme XapakTepucTuki (TEPMOCTOMKOCTb, TENMONPOBOAHOCTL) MaTepuarsos;
ynyywaTb TPMOOSIOrMYECKME XapakTePUCTUKM (MOBLILIAET YCTOMYMBOCTL K UCTMPaHUto). B HacTosilee Bpemst HanGonee
M3BecTHa Hemellkasi TOproBasi Mapka aguokcuaa kpemuuss —  Aerosil.

5.3 MeToanyeckue MaTepuansl, onpeaensiowme npoueaypbl OLeHUBaHUSA 3HaHUN, YMEeHUW, BnageHumn
(HaBbIKOB M (MNTN) NPaKTUYECKOro onbiTa AeATEeNIbHOCTU)

5.3.1 YcnoBusa gonycka oby4arowerocs K npoMexXyTo4HoM aTrecTauum U NnopsiaoK NMKBMAALMM akaaeMm4eckon
3af0MmKEeHHOCTH

lMpoBeaeHe NPOMEXYTOYHOW aTTecTauum pernameHTMpoBaHO foKanbHbIM HOpMaTuMBHbIM aktom CM6MYMTO
«lMonoxeHue 0 NpoBeAeHUN TEKYLLEro KOHTPOMS yCreBaeMOoCTU 1 NPOMEXYTOYHOW aTTecTauum oby4qatoLLmxcsa»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTauMm No AucCUUnIIMHe

YcTHas + [NMncbmeHHas KoMnbloTepHOE TECTUPOBaHUE NHasa

5.3.3 OcobeHHOCTU NpoBeAeHUA NPOMEXYTOYHOW aTTecTauMm No ANCUUNIINHe

Obyuatowemyca gaetcsa 20 MUHYT Ha NOArOTOBKY MO BOMpocaM YCTHOro onpoca 1 10 MUHYT Ha YCTHbIV OTBET.
[nsa HanucaHua acce gaetcsa 40 MUHYT.

6. YHEBHO-METOOAU4YECKOE U MH®OPMALIMOHHOE OBECNEYEHUE OUCLUUNIIUHDbI
6.1 YuebHasa nutepartypa

ABTOp 3arnasue | M3patenbcTBO oo nspaHma | Ccbinka
6.1.1 OcHoBHas y4yebOHasa nutepartypa
TumowwmHa, 0. A.,|BBegeHue B KasaHb: KaszaHckui http://www.iprbooksh
BoaHeceHckui, Q. . |HaHOTexHonorum HaLUMOHarbHbIN op.ru/109536.html
nccnenoBaTenbCkum 2019
TEXHONMOMMYECKNI
yHUBEpCcUTEeT
0. B. ActalwwkuHa, A. A.|BeegeHue B Cankr-MeTep6ypr: http://publish.sutd.ru/
JlbiceHko, A. B.|HaHOTEXHOMOMMIO crerynTa ’ 2021 tp_ext_inf_publish.ph
MongHckun p?id=202129

6.1.2 lononHuTenbHasa y4yebHasa nuTepaTtypa

A. A. JlbiceHko, H. B.|®un3sumko-xumus 1 nonyyeHue
[OnaHknHa HaHo4YacTuL,

http://publish.sutd.ru/

Carikr-TleTepOypr: 2020 |tp_ext inf publish.ph

Crerynra p7id=2020126
JIblceHko A. A.,|HaHnouacTtuubl, nonydeHme n http://publish.sutd.ru/
ActawknHa O. B.|cBoucTsa. YrnepogHole . tp_ext_inf_publish.ph
CaknakoBa E. B.,|HaHOTpYybkM - cBomnctBa wu Cr6. CrerynTa 2015 p?id=2922
Pycosa H. B. npumMeHeHue

6.2 NepeyveHb NpodeccnoHanbHbIX 6a3 AaHHbIX U MH(OPMALMOHHO-CNPABOYHbIX CUCTEM

PedepaTtuBHas 1 cnpaBoyHas 6a3a AaHHbIX peLeH3MpyeMon nutepaTtypbl Scopus [QnekTpoHHbI pecypc]. URL:
https://www.scopus.com
OnekTpoHHO-bMbnuoTedHas cuctema IPRbooks [AnekTpoHHbi pecypc]. URL: http://www.iprbookshop.ru/

6.3 NMepeyveHb NULEH3MOHHOro U CBOGOAHO pacnpoCTPaHAEeMOro NporpaMmMHoOro oéecnevyeHus
MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHme maTepmanbHO-TEXHMYECKOMN Oa3bl, HEO6XO0AMMOW ANA OCyLEeCTBNEeHUA obpa3oBaTeNnbLHOro
npouecca no gucumnsimHe

Ayautopus OcHalleHne
JlekumoHHas MynbTumeauiiHoe o6opyaoBaHue, cneumanusnposaHHas mebenb, Aocka
ayautopus

YuebHas ayautopusi |CneumnanusmposaHHas mebenb, focka
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