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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

AHanuTnyeckas XMmmsa n prusnMKo-XxMMmnyeckne MeToabl aHanmsa
OpraHuyeckas XmMmmns

duanyeckasn xmmus

2 KOMNETEHUMN OBYYAIOWEIoCs, ®OPMUPYEMbBIE B PE3YJNIbTATE OCBOEHUA OUCLUMNNHDbI

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

3HaTb: NCTOPUIKO pa3BUTUA HaHOTEXHONOrnNn, MeToabl nony4yeHus, CBOWCTBa U obnactu NPpUMEHEeHUA HaHOOOBLEKTOB U
HaHOMaTepunasroB

YmMmeTb: OCYyLUEeCTBNATb Bbl60p HeobxoanMbIX HAHOOOHLEKTOB AN nony4vyeHmna HaHOCTPYKTPUPOBAHHbLIX KOMMNO3ULUMOHHbIX
mMaTepuanos C 3agaHHbIMU CBOMCTBaAMMU

Bnapetb: HaBblkaMu pa6OTbI C HaHoobbekTamm npu nony4vyeHunn oOnbITHbIX 06pa3LI,OB HaHOCTPYKTPUPOBAHHbIX
KOMMO3ULMOHHbIX MaTepuanos ¢ 3aJaHHbIMU CBOMCTBaMU

3 PE3YNIbTATbI OBYYEHUA NO AUCUUNNUHE

KoHTakTHas
paboTta

cP MHHoBAaL. dopma

dopmbl TekyLiero
yachl N
( le-lai';) (qZEQ) ( )| samsruin KOHTpOMSt

HaumeHoBaHWe u cogepxaHue pasgenos,
TEM U y4eOBHbIX 3aHATUI

CewmecTtp
(kypc onsa 3A0)

Pasgen 1. WcTtopus pas3sutTung
HaHOTEXHONOrmm

Tema 1. MecTo HaHOpa3MepHbIX 06BHLEKTOB
B OKpyxatwllem Mmupe. HaHoTexHonorus. 1 2 nun
HaHouHpycTpus.

Tema 2. Mpeanockinku pas3BuTus
HaHOTEXHOMOIMMI. Hay4yHo-TexHnyeckun
nporpecc. JBOMOLUMA 3MNUPUYECKOTO W
TEOPETUYECKOro Hay4HOro 3HaHWus.
MpakTnyeckoe 3aHATME: CEMUHAP «YTO Mbl
3HAeM O HAHOTEXHOJIOIUAX»

Tema 3. OTanbl pasBUTUA HAHOTEXHOSOIMIA:
OT Teopun OPOYHOBCKOro [ABWXKEHUA [0
MaHUNynMpoBaHusi MoneKynamm "
aTomMamu.

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




Paspen 2. HaHooObekTbl 7]
HaHoMaTepuanbl

Tema 5. OCHOBHble  TEPMUHbI WU
onpeneneHus. Knaccudmkaums
HaAHOOOBLEKTOB U HAHOMAaTepMaroB.

nn

Tema 6. MHoroobpasne HaHOOOBLEKTOB U
HaHoMaTtepmnanoB. HaHOOGbBLEKTLI KMBOW

npupoabl.

nn

Tema 7. MHoroobpasne HaHOOOBLEKTOB U
HaHoMaTepmnanoB. HaHOOObEKTLI HEXMBOWN
npupogbl. TexHoreHHble HaHoMaTepuarnbi.
MpakTnyeckoe 3aHATUE: ceMuHap «XKu3Hb
B OKPY)XEHMM MUPUAL0B HAHOYaCTML»

nn

Tema 8. OcoBGeHHOCTU CTPYKTypbl MU
CBOWICTB MaTepuasnoB B HAHOCOCTOSIHUW.
MpakTuyeckoe 3aHdaTME: cemMuHap
«Pasnnuns B CBOMCTBax Makpo M
HaHOOOBLEKTOBY

nn

Paspen 3. [lonyyeHne u obnactu
npUMeHeHUsi HaHOMaTepmnanos

Tema 9. OCHOBHblE MPUHLWMBLI MOMYy4YeHUs
HaHOOOLEKTOB M HAHOMaTepUaros.
lMpakTnyeckoe 3aHaTHe: ceMuHap
«HaHoTexHomorMM Ha cTpaxe 300pOBbA
yeroBekay

nn

Ko

Tema 10. O6nactu NPUMEHEHMS
HaHOTEXHONOIMN. OTeyecTBEHHbIN 7]
3apy0eXHbI  OMbIT MO  MPaKTU4ECKOMY
BHEAPEHMIO HAHOTEXHOOTUN.
MpakTnyeckoe 3aHATUE: ceMmunHap
«[pumMeHeHne HaHOTEXHOMOrM B aBMa- U
MaLLUNHOCTPOEHUNY

nn

Tema 11. Puckn pasButnsg HaHOTEXHONOMMIA:
NporHos, yrpasneHune puckamu,
uppaumnoHarnbHble NocneacTBus. JTuka U
coumanbHasa OTBETCTBEHHOCTb YYEHOrO.
MpakTuyeckoe 3aHsdTHE: ceMuHap
«bynyliee yenoBeyecTBa B CBETE pa3BUTUS
HaHOTEXHOMOormm»

UTtoro B cemecTpe (Ha kypce ansa 3A0)

5,75

nn

KoHcynbTaumm n npoMexyTodHas
atTecTtauus (3aver)

17

17

37,75

0,25

Bcero koHTakTHas pa6bota u CP no
AVCLUMUNNnHe

34,25

37,75

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTupoBaHue y4e6HbIM NiaHoM He NpeaycMoTpeHo

5. ®OH[1 OLIEHO4HbIX CPEACTB A5 MPOBEAEHUA MPOMEXYTOYHOW ATTECTALIUU
5.1 OnucaHue nokasatenen, KpUTepueB U CUCTEMbI OLlEHMBAHUA pe3yrnbTaToB 06y4yeHus

5.1.1 NMokasaTtenu oueHMBaHUA

Kon HanmeHoBaHWe oueHOYHOro
MokasaTenu oueHnBaHWs pe3ynbTaToB 00y4YeHus
KoMneTeHumn cpeactea
lMepeuncnsaeT OCHOBHbIE KIacCbl HaHOOOBLEKTOB XMBOWM W HEXUBOW
NpUpPOAbI.
PackpblBaeT NpuHUMNbI NOy4YeHNs1 HAHOOOHLEKTOB.
o Bonpocbl YCTHOro
AHanmampyeT OCOBGEHHOCTU CTPYKTYpbl M CBOWCTB MaTepuarnoB B
cobecefoBaHus
MK-2 HaHOCOCTOSIHUN.
. MpakTnko-opMeHTUpPOBaHHbIE
CocTaBnsieT 0630p HaHOOOBLEKTOB M 0bnacTen NX NPUMEHEHUS. sanaHus
Moabwupaet TEXHONOrnu " MeToAbl nonyyeHus
HaHOCTPYKTYPMPOBaHHbIX KOMMO3ULMOHHBIX MaTepwuarnos B

3aBMCUMOCTU OT NOCTAaBJIEHHbIX 3a4aC.




5.1.2 Cucrtema n KpuTEpPUN OLLEHUBaHUSA

Kputepum oueHnBaHna chopMMpPOBaAHHOCTU KOMMNETEHLIMI

LLikana oueHnBaHus
YcTHoe cobecenoBaHme MNMucbmeHHasn paboTa

Obyuyatowuicsa nokasbiBaeT 3HaHuA
OCHOBHOro  y4yebHOro Mmatepuana B
MUHMManbHOM 00bemMe, HeobxoaMmom

aonsa LanbHenwen y4ebbl; nn6bo
[OCTaTOYHbIN YpOBEHb 3HaHUN B
npegenax OCHOBHOIO y4yebHoro
MaTepuana; nmoéo BCECTOPOHHEE,

cuctematmdeckoe u  rnybokoe 3HaHue
OCHOBHOIO M [OMOMHUTENBHOIO y4ebHOro
mMaTepuana.

3auTeHo CnpaBnsieTcs C BbINMOJIHEHWEM 3adaHui,
npeaycMOTPEHHbIX  nporpammon  6e3
OLLMOOK, nubo pgonyckass npu  3TOM

HeKoTopoe KOJ1n4ecTBO
HenpuHumMnmarnbHbIX OLIMBOK mnnun
HeCyLeCTBEHHbIX I'IOFpeLLIHOCTeIZ.

O6nagaeTt HeO6X0AUMBIMU 3HAHUSAMM A1
UX YCTpaHeHUs CaMOCTOSTENbHO UNn noa
PYKOBOACTBOM MnpenofaBaTtensi.

3HakoM C  OCHOBHOW  nuTepaTypon,
pEKOMEHAOBaHHOM NPOrpaMmmon.

O6yvatowmiics obHapyxunBaeT npobensl B
3HaHMAX OCHOBHOrO y4ebHoro Mmatepumana,
AonyckaeT npuHUMNManbHble OWubku B
He 3auteHo BbIMOMTHEHUM nNpeayCcMOTPEHHbIX
nporpaMMon  3agaHul, He 3HakoM C
pekoMeHAOBaHHOMW  nUTepaTypon,  He
MOXET MUCMNPaBUTb AOMNYLEHHbIE OLLUMBOKU.

5.2 TunoBble KOHTPOJIbHbIE 3aAaHUSA U UHble MaTepuarnbl, HeO6XxoAMMble AN OLeHKN 3HAHUW, YMEHUH,
HaBbIKOB U (MNN) onbiTa AeATENbHOCTU
5.2.1 NepeyeHb KOHTPONbHbLIX BONPOCOB

Ne n/n | ®dopmMynnpoBKM BONPOCOB

Cemectp 5

nepCﬂeKTMBHble HanpaBneHuna HaHOTEXHOMNOMNi

MCTOpVIﬂ OTKPbITUA YyrnepoAHbIX HAHOYaCTUL,.

HaHo4acTuubl MmeTannos, MeToabl nony4yeHusa.

KJ'laCCI/I(bVIKaLI,VIﬂ HaAHOOOBHEKTOB U HaHOMaTepuanos.

HaHoTexHonoruu. Onpep,eneHme N TEPMUHbI.

BnusiHne HaHogo6aBOK Ha CBOMCTBA KOMMO3ULIMOHHOTO MaTtepuana.

Buckepbl.

dynnepeHsbl.

YrnepogHble HaHOTPYOKM.

OTuka n couynanbHas OTBETCTBEHHOCTb Y4€HOro B CBeTe pa3ButnA HaHOTEXHOMOrnM.

Pucku, cBsi3aHHble C pas3suTnemMm n npumeHeHnem HaHOTEXHOMOMNA.

npaKTI/I‘-IeCKOG npumeHeHune HaHOTEXHOMOMNA.

OcHoBHble NPpUHUUNbI NOJTy4YeHnA HaHOOOBHLEKTOB.

OcoBeHHOCTU CTPYKTYPbI U CBOMCTB HAHOOGHEKTOB.

HaHoo6BbEeKTbI HEXMBOM NPUPOabI.

HaHOoOObEKTI XKMBOW NpUPOabI.

HaHooObeKThI BOKPYr Hac: B4epa, CerogH4, 3aBTpa.

OTanbl pa3BnTUA HaHOTEXHOMOIMMI.

SN EEHEHEEEEER RN ENE

I'Ipe,qnocunm pa3BnTuA HaHOTEXHOMOMNA.

N
o

MoHaTne HaHOpa3MepHOoro obbekTa un HaHOCTPYKTYPHOro matepuana.

5.2.2 TunoBbIe TeCTOBbIe 3a4aHusA
He npegycmoTpeHo



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

lMpumep NpPakTUKO-OPUEHTMPOBAHHOIO 3adaHusA: Kak W3MEHUTb peoriorMyeckme CBOWCTBA MONUMEPHbIX
TEPMOPEaKTVBHbIX CBA3YHOLLUX?

KpaTtkuii npumep oTBeTa: ogHWM M3 Haubonee pacnpoCTPaHEHHbIX, B OTPacny nNpousBoAcTBa KOMMO3UTHbIX
mMaTtepuarnoB U u3genuii U3 HUX, MeETOAOM MOAUMUKALMM PEONOrMYECKMX CBOWCTB MONMMEPHBLIX TEPMOPEaKTUBHbIX
CBA3YIOLLMX ABMNSETCA BBeAeHMe B HMX J06aBOK AMOKCcMAa KpeMHus, nnbo B BuAe HaHopa3MepHOro nopoluka, nubo B
BMAE YacTuu, coaepXalumx HaHonopbl. bnarogaps BeiCokon nrowaan yaenbHoOW NOBEPXHOCTM AaHHasi AobaBka MoxXeT
n3bumpartensHO NornoLwaTth U3 OKpyXatoLLeln cpeabl Unu CBA3bIBaTh rasbl, Napbl M pacTBOPEHHbIE BellecTBa. B pacTBopax
CBS3YIOLLMX OHa cnocobHa yBennunBaTh BA3KOCTb, U CreA0oBaTeNbHO MEHATb UX TEUYEHWE, YTO akTyarbHO, Hanpumep, npu
opMOBaHUN B BepTUKanbHbIX opMax. [lapannensHO HaHOpPa3MepHbIA U HAHOMOPUCTLIX OUOKCUA KPEMHUS MOXET
MOBbILLATL NPOYHOCTHBIE XapaKkTEPUCTUKN Y M3HOCOCTOMKOCTb MaTepranos (NNacTukun, CMOIbl, Pe3vHbl, Kaydyku, GETOH,
acdanbT 1 np.), ynyywatb TepMoanHaMU4eCKne XapakTepucTnku (TEpMOCTOMKOCTb, TeMNonpoBOAHOCTL) MaTepuarnos;
ynyywatb Tpubonormyeckme xapakTepucTvky (MOBbIWAET YCTONUMBOCTL K NCTUPaHUI0). B HacTosiee Bpemsi Hanbonee
n3BeCcTHa HeMeLKas ToproBas Mapka gumokcuaa kpemHus —  Aerosil.

5.3 MeToaunyeckue maTepuansi, onpegensilolme npoueaypbl oLeHMBaHUA 3HaHUW, YMEeHUW, BNageHun
(HaBbIKOB 1 (MNKM) NPaAKTU4YEeCKOro onbiTa AeATEeNIbHOCTH)

5.3.1 YcnoBus gonycka oby4arolierocs K npoMexXyToyHoM aTrecTauumn n nopsifok NMKBUAaLMmM akageMm4ecKomn
3a0MKEeHHOCTH

lMpoBeaeHe NPOMEXYTOYHOW aTTeCTauumn perfnamMeHTMpPOBaHO fokaribHbIM HOpMaTuBHbLIM aktom CM6MYMTO
«lMonoxeHne 0 NpoBeAEHNM TEKYLLIErO KOHTPOSIS YCNEeBAEMOCTU U NPOMEXYTOYHON aTTecTtaumm obyyaroLwmxca»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTaumMmu No AUCUmnIIMHe

YcTHas + MucbmeHHas KomMnbloTepHOE TECTMPOBaHNE NHas

5.3.3 OcobeHHOCTU NpoBeAeHUA NPOMEXYTOYHOW aTTecTauMm No ANCUUNIINHe
Obyuatowemycsa gaetcsa 20 MUHYT Ha NOArOTOBKY MO BOMpocaM YCTHOro onpoca 1 10 MUHYT Ha YCTHbIV OTBET.
[nsa HanucaHua acce gaetcsa 40 MUHYT.
6. YHEBHO-METOOMWYECKOE N UH®OPMALMOHHOE OBECNEYEHUE OUCLUUMITUHDbI
6.1 YuebHasa nutepaTtypa

ABTOp 3arnasve | WN3paTtenscTeo | l'og vsgaHua | Ccblirnka
6.1.1 OcHoBHas y4yebOHasa nutepartypa
O. B. AcTtalukuHa, A. A.|BBegeHne B Cankr-MeTep6ypr: http://publish.sutd.ru/
JTbiceHKo, A. B.|HaHOTEXHONOIMIO CrerynTa ’ 2021 tp_ext_inf_publish.ph
MonsHckun p?id=202129
TumowwmHa, K. A.,|BBenenue B KasaHb: KaszaHckui http://www.iprbooksh
BoaHeceHckuit, Q. . |HaHOTEXHOMNOrMK HaUWOHaIbHbIN op.ru/109536.htmi

nccnenoBaTtenbCkum 2019
TEXHOMOrM4YeCcKnmn
yHUBEpCcUTEeT
6.1.2 lononHuTenbHaa yyebHaa nutepatypa
JTbiceHko A. A.,|HaHnouacTtuubl, nonyvyeHve n http://publish.sutd.ru/
ActawknHa O. B.,|cBonicTBa. YrnepogHble . tp_ext_inf_publish.ph
CaknakoBa E. B.,|HaHOTPYOKM - cBoncTBa M1 Cre.: CTerymTA 2015 pp?id:2922 i P
Pycosa H. B. npyMeHeHue
A. A. JlbiceHko, H. B.|®usmko-xumus n nonyyeHue Cankr-MeTep6ypr: http://publish.sutd.ru/
[naHkuHa HaHo4acTuL crerynTa ’ 2020 tp_ext_inf_publish.ph
p?id=2020126

6.2 NepeyveHb NpodeccnoHanbHbIX 6a3 AaHHbLIX U MH(OPMALMOHHO-CMPABOYHbLIX CUCTEM

PedepaTtuBHas 1 cnpaBoyHas 6a3a AaHHbIX peLeH3MpyeMo nutepaTtypbl Scopus [QnekTpoHHbI pecypc]. URL:
https://www.scopus.com
OnekTpoHHO-bMbnnoTedHas cuctema IPRbooks [AnekTpoHHbi pecypc]. URL: http://www.iprbookshop.ru/

6.3 NepeyveHb NULEH3MOHHOIo N CBO60AHO pacnpPoOCTPaHAEMOro NporpaMmMHoOro oéecnevyeHus
MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHme maTepmanbHO-TEXHMYECKOMN 6a3bl, HEO6X0AMMOM ANA OCYLIEeCTBNEeHUA obpa3oBaTenbLHOro
npouecca no gucumnsivHe

Ayautopus OcHalleHne
JlekumoHHas MynbTumeaniiHoe obopynoBaHme, cneunannampoBaHHas mebenb, gocka
ayanTopusi

YyebHas aygutopua CﬂeLI,MEU'IM3I/IpOBaHHaF| Me6eﬂb, AOoCKa
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