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1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb pucuunnuHbl: CdopmmupoBaTb KoMMeTeHUuM obydatowleroca B 06nacT HaHOTEXHOMOTMA MNyTeM
3HAKOMCTBa C PasfMyHbIMW TUMNAMW HAHOCTPYKTYP XMBOW M HEXMBOW MpUpOAbl, MX Knaccudukauuen, oTnnmymMTerbHbIMU
XapakTepucTrkaMm, OCHOBaMm TEXHONOMMI NONyYeHMs N NOTEeHUManbHbIMU 06r1acTaMyM NPUMEHEHMS.

1.2 3apgauv AUCLUMUNNUHBI:

* PaccmMoTpeTb OCHOBHbIE 3Tanbl pa3BUTUS HAHOTEXHOJTOTUMN,

« [laTb onpegeneHne HaHOTEXHONMOIMIA B LIENIOM M CBA3a@HHbIX C 3TUM TEPMUHOB M NMOHSTUR,

* O3HaKOMUTb C XapaKkTepPHbIMU 0COBEHHOCTAMU HAHOCTPYKTYPHbLIX BELLECTB,

» [laTb obLyee NnpeacTaBneHne 0 TEXHOMOMMUSX MONyYeHUst HAHOCTPYKTYPHbIX BELLECTB M MaTepMarnos,

* [Moka3aTtb NoTeHuManbHble 0611acT NPUMEHEHUSA HAHOTEXHOSOIMIA.

1.3 Tpe6oBaHuA Kk NpeaBapuTeNbHON NOAroTOBKe 0Gy4atoLlerocs:

I'Ipe,D,BapMTeanaﬂ noAroToBKa npeanonaraeTt co3gaHne OCHOBbI AnA (bOpMVIpOBaHMﬂ KoMneTeHuun, YKa3aHHbIX B .
2, npun n3yv4eHnmn ancunninH:

YuebHas npakTuka (03HaKOMUTENbHAasA NpPakTUKa)

OOwas n HeopraHnyeckast XMMunsi

MaTemaTuka

dusmka

AHanuTnyeckas XMMmmsa n pmsnMKo-xMMmnyeckne MeToabl aHannsa
OpraHunyeckasa xmmmsi

XMnsi NONIMMEPHbIX CBA3YHLLINX

duranyeckasn xmmus

dunanka n XMMmsa NONMMEPOB, CUHTES, CTPYKTYpPa U CBOMCTBA BbICOKOMOJEKYITIAPHbLIX COEANHEHUN
KonnougHas xnmus

Mpouecchl 1 annapaTbl XMMUYECKON TEXHOMOTK

2 KOMMNETEHUMU OBYYAIOWEINOCA, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA OUCLUMINHDbI

MK-2: CnocobeH BbINOMHATL 3KCNEePUMEHTbI U 0POPMIATL pe3yribTaTbl UCCNe[oBaHUM U pa3paboTok B obnacTtu
XUMUYECKON, 6MO- U HAHOTEXHONOrMN BOJSTIOKHUCTbLIX MaTepuanoB

3HaTb: KJ'IaCCVId)VIKaLI,VHO, OCHOBHbIE CBOWCTBa U MeToabl nony4yeHus HaHOOOBLEKTOB ANst UX NnPpUMEHEeHNA B HAHOTEXHOJIOrnmn
BOJIOKHUCTbIX MaTepunanosn

YmeTtb: NPUMEHATb HAHOTEXHOJ1I0TUU NMpU MOD,VIdDVIKaLI,VIVI CBOWCTB BOJTOKHUCTbIX MaTtepunarnoB
BnapeTtb: HaBblkaMu nccnegoBaHna HaHOMOLI,I/I(bVILI,I/IDOBaHHbIX BOJIOKHUCTbIX MaTepunanoB

3 PE3YJIbTATblI OBYYEHUA NO ANCUUNNUHE

KoHTakTHas
paboTta

cp MHHoBAaL. dopma

copmbl TekyLiero
(quliz) (HZ(F:)Q) (Hace) | oamsmmin KOHTPONS

HanmeHoBaHue 1 cogepxaHve pasaenos,
TEM 1 y4eBHbIX 3aHATUIA

CewmecTtp
(kypc ona 3A0)

Pasgen 1. Uctopusa passutus
HaHOTEXHOMNorum

Tema 1. MecTo HaHOpa3MepHbIX 06BEKTOB B
oKpyxatlLlem mupe. HaHoTexHonorus. 1 2 nn
HaHonHgycTpus.

Tema 2. NMpeanockbinku passuTums
HaHOTEeXHONOrMn. Hay4yHo-TexHu4eckui
nporpecc. JBOMOLUS IMINPUYECKOTO U
TEOPEeTUYECKOTO Hay4YHOrO 3HaHWS.
MpakTnyeckoe 3aHsaTUE: ceMUHap «4YTo Mbl
3HaeM O HAHOTEXHOMOTUSAX» 5 3

Tema 3. OTanbl pa3BUTUA HAHOTEXHONOIMMN:
OT Teopun BPOYHOBCKOro ABMXEHUS 00 1 4 nn
MaHWUMyNMpoOBaHNsi MONEKynamm n aToMamu.

Tema 4. VicTopusi OTKpbITUS YriepoaHbIX
HaHOO6beKToB. [MNaToHOBLI N ApXUMeaoBbI
Tena. dynnepeHbl. Buckepbl. YrnepoaHblie
HaHOTPYOKM. 2 3 4 mn
MpakTu4yeckoe 3aHsTUE: cemnHap «Ponb
TexHu4eckux paspaboTok XX Beka B
pPasBUTUN HAHOTEXHONOMNN»




Pasgen 2. HaHoOGbEKTLI M HAHOMaTepuarnbl

Tema 5. OCHOBHbIE TEPMUHBI U ONPEeAENeHNs.
Knaccudukaumsa HaHOO6BHEKTOB U 2 2 i
HaHOMaTepuarnos.

Tema 6. MHOroobpasne HaHOOOHLEKTOB U
HaHomaTepuanoB. HaHOOBBLEKTbI XXMBOW 1 2 i

npupoabl.

Tema 7. MHoroo6pasne HaHOO6bEKTOB 1
HaHoMaTepuanoB. HaHOOGLEKTbI HEXMBON 9
npupogbl. TexHoreHHble HaHoMaTepuarnbl. 1 2 4 nn
MpakTnyeckoe 3aHsaTMe: cemnHap «>KusHb B
OKPY>KEHUN MUPUAZOB HaHOYACTULY

Tema 8. OcOBEHHOCTU CTPYKTYPbI U CBOWCTB
mMaTtepuanoB B HAHOCOCTOSIHUW.
MNpakTnyeckoe 3aHATME: ceMuHap «Pasnuums
B CBOWCTBaX Makpo 1 HaHOOOBHEKTOB»

Paszgen 3. lNMony4yeHue n obnactu
NpUMeHeHNsi HaHoMaTepuanos

Tema 9. OCHOBHbIE NPUHLUMBI NONYYEHNUsI
HaHOOBGBHLEKTOB U HAHOMaTepuarnos.
[MpakTnyeckoe 3aHATME: CeMUHap 2 2 4 un
«HaHoTexHonorum Ha cTpaxe 300poBbs
YyernoBekay

Ko
Tema 10. O6nacT npMMeHeHus

HaHoTexHornornn. OTe4ecTBEHHbIN U
3apyOGeXHbIN OMbIT NO NPaKTUYECKOMY
BHEOPEHMWI0 HAHOTEXHOSOIUN. 2 2 4 nn
lMpakTnyeckoe 3aHATME: CEMUHap
«[lpumMeHeHne HaHOTEXHOMOMIN B aBma- u
MaLLUMHOCTPOEHUN Y

Tema 11. Puckn pasButst HQHOTEXHONOIMIA:
NPOrHo3, ynpaeneHne puckamu,
nppaumnoHarnbHble NOCNeACTBUs. ATuka u
couuaribHasi OTBETCTBEHHOCTb YY4EHOrO. 1 3 5,75 nin
MpakTuyeckoe 3aHsTUE: cemunHap «byayuiee
yenoseyecTBa B CBETE pa3BUTUSA

HaHOTEXHOMNOMNN»
UTtoro B cemecTpe (Ha kypce ansa 3A0) 16 16 39,75
KoHcynbTaumm 1 npoMexxyTovHas 025
arrecraums ’
Bcero koHTakTHasa paborta n CP no 32.25 39.75

OVUCLMMNMHE

4 KYPCOBOE NPOEKTUPOBAHUE
KypcoBsoe npoekTMpoBaHne y4ebHbIM NnaHoM He NpeaycMOoTpeHo

5. ®OH[ OLIEHOYHbIX CPEACTB ANA NPOBEAEHUA MPOMEXYTOYHOMN ATTECTALUU

5.1 OnucaHue nokasarteneun, KpUTepMeB U CUCTEMbI OLLEHMBAHUA pe3ynbTaToB 00yyYeHus
5.1.1 NMokasaTtenu oueHMBaHUSA

Koa HanmeHoBaHMe oLueHO4YHOro
MokasaTenu oueHnBaHUA pesynbTaToB 06ydeHus
KoMneTeHummn cpeacTea
MepeuncnsaeT OCHOBHbIE KAacCbl HAHOOOBHLEKTOB XXNBOW U HEXNBOM
NpUpPOAbI.
PackpbiBaeT NpUHLMMbI NONYyYeHUs1 HAHOOOBLEKTOB.
AHanmanpyeT 0CoO6EHHOCTM CTPYKTYpPbl 1 CBONCTB MaTepmarnos B
Bonpockl ycTHOro
HaHOCOCTOSIHUN.
o cobecenoBaHus
MK-2 CocTtaBnsieT 0630p HaHOO6HLEKTOB U obnacTen NX NPUMEHEHUS.
MpakTnko-opMeHTUpPOBaHHbIE
MoabupaeT cnocobbl MognMdmrKaLmm BOSTOKHUCTLIX MaTepuaros C sanaHms
NMOMOLLbIO HAHOOOBEKTOB B 3aBUCUMOCTU OT MOCTaBMIEHHbIX Lienen n
3agad, a Takke BblOMpaeT onTMManbHble MeTOAbl aHanM3a CTPYKTypbl 1
CBOWCTB MOMY4Y€HHbIX HAHOMOANMULMPOBAHHBLIX BOJTOKHUCTbIX
MaTepuanos.




5.1.2 Cucrtema n KpuTEpPUN OLLEHUBaHUSA

Kputepum oueHnBaHna chopMMpPOBaAHHOCTU KOMMNETEHLIMI

LLikana oueHuBaHUA
YcTHoe cobecenoBaHmne MucbmeHHas paboTa

O6yyatowmiics nokasbiBaeT 3HaHUS
OCHOBHOIO y4ebHOro matepuana B
MUWHVMManbLHOM ob6beme, HeobxoaMmom anis
fanbHenwen y4ebbl; TMbo 4OCTaTOUHbIN
YPOBEHb 3HaHWI B Npefenax oCHOBHOIO
y4yebHoro marepumana; nubo BCECTOPOHHEE,
cucTemaTtmyeckoe 1 rnybokoe 3HaHue
OCHOBHOIO U AOMOSTHATENBHOIO y4ebHOro
mMaTepuana.

CnpasnsieTcs ¢ BbINOMIHEHWEM 3agaHun,
npeayCcMOTPeHHbIX Nporpammoin 6e3
owmnbok, nubo gonyckas Npu aTom
HEKOTOpPOE KONMU4eCcTBO
HeNpUHUMNNanbHbIX OLWNMOOK nnm
HeCyLeCTBEHHbIX NOrPeLUHOCTEN.
O6nagaeTt HeO6X0AUMBIMU 3HAHUSAMM A1
NX YCTPaHEeHNs CaMOCTOSTENbHO MUK Nog,
pyKOBOACTBOM MpenogaBsartens.

3HaKoM C OCHOBHOW NuTepaTypow,
pekoMeHA0BaHHOW NPOrpaMmon.

3ayTeHo

O6yvatowmiics obHapyxunBaeT npobensl B
3HaHMAX OCHOBHOrO y4yebHOro matepumana,
AonyckaeT NpuHUMnuanbHbie oWwnbky B
BbIMOSIHEHWUWN NPEAYCMOTPEHHbIX
nporpaMmMon 3agaHui, He 3HaKOM C
pekoMeHAOBaHHOW NMTepaTypou, He

He 3a4teHo

MOXET UcnpasnTb AONYyLWEHHbIE OLLMOKMN.

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

Ne n/n | dopmynmnpoBKu BONPOCOB

Cemectp 5

MoHaTne HaHOpa3MepHOoro obbekTa un HaHOCTPYKTYPHOro matepuana.

npeﬂl'IOCbIJ'IKVI pa3BuTuA HaHOTEXHOMNOrMN.

OTanbl pa3BnUTUA HaHOTEXHOSOMUN.

HaHooObeKThI BOKPYr Hac: B4epa, cerogH4, 3aBTpa.

HaHoo6beKThI XMBOW NpUpoabI.

HaHoo6BbEeKTbl HEXMBOM NPMPOabI.

Oco6eHHOCTU CTPYKTYPbl U CBOWCTB HAHOOGBHEKTOB.

OcHoOBHble npuHUUNbI NoNy4YeHnqa HaAHOOOBLEKTOB.

npaKTI/I‘-IeCKOG npumeHeHune HaHOTEXHOMNOMNA.

Pucku, cBsisaHHble C pas3suTnemMm n npumeHeHnem HaHOTEXHOMOMNA.

OTuka n coumnanbHasa OTBETCTBEHHOCTb Yy4Y€eHOro B cBeTe pa3BuUTnA HaHOTEXHOMNOMNA.

YrnepogHble HaHOTPYOKM.

dynnepeHsbl.

Buckepebl.

BrnusaHne HaHogo6aBoK Ha CBOMCTBA KOMMO3ULMOHHOIO MaTtepunana.

HaHoTexHonoruu. Onpep,eneHme N TEPMUHbI.

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

HaHouacTuubl meTannos, MeToabl nony4yeHusa.
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MCTOpVIﬂ OTKPbITUA yrnepoAHbIX HAHOYaCTUL,.

N
o

nepCﬂeKTMBHble HanpaBneHuna HaHOTEXHOMNOMNi

5.2.2 TunoBble TECTOBbIE 3a4aHus
He npegycmoTtpeHo



5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBaHHbIE 3aAaHuA (3aaayu, KeUchbl)

MpvMep NpaKTUKO-OPUEHTUPOBAHHOIO 3a4aHUSA: Kak M3MEHUTL PEONOrMYecKne CBOMCTBA NOSIMMEPHbIX
TEPMOPEaKTUBHbIX CBSA3YIOLWNX?

KpaTkuit npuMep oTBeTa: O4HUM M3 Hauboree pacnpoCTpaHEHHBIX, B OTPACcny MPOU3BOACTBA KOMMO3UTHBIX
MaTepuarioB U U3nenuii 3 HUX, MeTofoM MoaMUKaLMN PEONOTMYECKUX CBOMUCTB MONMMMEPHBIX TEPMOPEaKTUBHbIX
CBA3YIOLLMX SBMSIETCS BBEAEHWE B HUX J0OABOK AMOKCHAA KPEMHWS, GO B BUAE HAHOPa3MepHOro nopoLuka, 6o B
BMZEe YacTuL, coaepxkalumx HaHonopel. Bnarogaps BbiCOKoW Niowaan yaenbHo NoBEPXHOCTM AaHHaa fJobaBka MoXeT
n3bupaTenbHO NOrMoLaTh U3 OKpYXKaloLLleln cpeabl U CBS3bIBaTL rasbl, Napbl U pacTBOPEHHbIE BellecTBa. B
pacTBopax CBA3YIOLLMX OHa CNocoGHa yBeNUYMBaTL BA3KOCTb, U CreAoBaTeNbHO MEHSITb MX TEYEHWE, YTO aKTyarlbHO,
MapannenbHo HaHOpPa3MepHBbIN U HAHOMOPUCTLIX AMOKCUL,
KPEMHUSI MOXET MOBbILLATE NPOYHOCTHLIE XapaKTEPUCTUKN U U3HOCOCTOMKOCTL MaTepuaros (MnacTukU, CMOJIbl, PE3UHBI,

Hanpumep, Npu hoOpMOBaHUM B BepTHKasibHbIX (hopMax.

Kay4yKu, 6eToH, accbaan n np.), ynyyuwaTtb TepMoaAnHaMnYeCckmne XxapaktepucTtumkm (TepMOCTOVIKOCTb,

TeI'IJ'IOI'IpOBOﬂHOCTb) MaTepuanos; yny4dwaTb TpVIGOJ'IOI'VI‘-IeCKVIe XapaKTepUucTukun (I'IOBbILLIaeT yCTOVI‘-WIBOCTb K
VICTVIpaHVIIO). B HacTosiLee BpemMs Hanbonee M3BeCTHa HeMeLKas TOproBad Mapka anokcunaa KpeMHuAa — Aerosil.

5.3 MeToaunyeckue MmaTepuansi, onpegensilowme npoueaypbl oLleHUBaHUA 3HaHUW, YMeHUW, BNagaeHui (HaBbIKOB
¥ (W) NpakTUYecKoro onbiTa AeATENIbHOCTH)
5.3.1 YcnoBusa gonycka oby4aroLerocs K npoMexXyTo4yHoM aTrectauum U NnopsiaoK NMKBMAALMM akaaeMm4eckomn

3a40J1XKeHHOCTU

lMpoBeaeHVe NPOMEXYTOYHOM aTTecTauMmn pernameHTMpOBaHO NoKanbHbIM HOPMaTUBHLIM aktom CI6IYMTA
«[lMonoxeHne 0 NpoBeAeHNM TEKYLLEro KOHTPOS YyCreBaeMoCTU 1 NPOMEXYTOYHOW aTTecTauumn obydatoLmxcsa»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTaumMm No AucuUnIIMHe

YcTHas +

lMNucbmeHHas

KOMI'IbIOTepHOG TecTnpoBaHue

5.3.3 OcobeHHOCTU NpOBeAeHUs NPOMEXYTOYHOW aTTecTauum No ANCUUNIINHe

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

MHas

6. YYHEBHO-METOOUWYECKOE N UH®OPMALMUOHHOE OBECNEYEHUE OUCLUUNINUHDbI
6.1 YuebHan nutepaTtypa

ABTOp 3arnasue M3gaTtenbcTBo | [oa nspaHma | Ccbinka
6.1.1 OcHoBHas y4yebOHasa nutepatypa
Acees, A. J1. MonynpoBoaHWKM K Hosocunbupck: https://www.iprbooks
HaHOTEXHONornn Hosocnbupckuii 2023 hop.ru/134582.html
rocyaapCcTBEHHbIN
yHVUBEpcUTEeT
Bnecman, A. ., MeToabl uccnegoBsaHus https://www.iprbooks
[aHblvHa, B. B., HaHOMaTepuanoB Mocksa: An Nun Ap Megua 2023 hop.ru/128969.html
MonoHsaHkuH, O. A.
CwmupHoB, B. U. dunsmyeckme oCHOBbI Mocksa, Bororaa: MHdpa https://www.iprbooks
HaHOTEXHOSOoMMN n -|,/|H)KeHepl/I.ﬂ 2023 hop.ru/133308.html
HaHoMaTepuanbl
"anoykuH, B. A. BBegeHue B HaHOTEXHONOIMN Mockea, Bororaa: Undpa https://www.iprbooks
N HAHO3MNEKTPOHUKY ’ ) P 2023 hop.ru/133311.html
-UHxeHepus
LLleB4yeHko, . M., MeToabl AMarHoCcTuku n ] https://www.iprbooks
AcHas, M. A., bnuHoB, |aHanusa HaHocucTeM Crasponons: Cdepo- hop.ru/135705.html
A.B., BrmHosa, A. A., Kaskasckuit 2023
UcnupsH, A. T. chenepankHelit
yHVUBEpcuTeT
6.1.2 [lononHuTenbHaa yyebHas nutepatypa
O. B. ActalkuHa, A. BeegeHuve B Cankr-NeTenbvor http://publish.sutd.ru/
A. JlbiceHko, A. B. HaHOTEXHOOINIO CI'I6I'yI'IPI',D,yp ) 2021 tp_ext_inf_publish.ph
MonsaHckun p?id=202129
TumowwuHa, HO. A, BBeageHue B HAHOTEXHONOMMN Ka3sanb: KasaHckuii http://www.iprbooksh
Bo3HeceHckuin, 3. . HaLMOHambHbIN op.ru/109536.htmi
nccnenoBaTtenbCckum 2019
TEXHOMOrMYeCKnI
yHVUBEpcUTEeT
A. A. JlbiceHko, H. B. PU3NKO-XMMUSA 1 NONyYeHne c n 6vor: http://publish.sutd.ru/
[unaHkuHa HaHo4acTuL, aHkT-" /eTepoypr. 2020 tp_ext_inf_publish.ph

cnerynTtn

p?id=2020126




O. B. AcTallkuHa, B.
A. XKykosckun, A. A.
JlbiceHko

<DyH,qameHTaanb|e OCHOBBbI
MHHOBAUWNOHHbIX
TEKCTUNBHbIX TEXHOMOTUN.
d)yHD,aMeHTaJ'IbeIe OCHOBDbI
B obnactun xummn n
HaHOTeXHonorum npu
pa3pa60TKe MHHOBAUWNOHHbIX
TEKCTUMNbHbIX TEXHOSOrMMN

CaHkT-lNeTepbypr:
cnierynrg

2021

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

6.2 NepeyveHb NpodeccnoHanbHbIX 6a3 AaHHbLIX U MH(OPMALMOHHO-CMPABOYHbLIX CUCTEM
PedepaTtuBHas n cnpaBoyHas 6a3a AaHHbIX peLeH3npyeMon nutepatypbl Scopus [OnekTpoHHbIn pecypc]. URL:

https://www.scopus.com

OnekTpoHHO-6mbnuoTedHas cuctema IPRbooks [OnektpoHHbin pecypc]. URL: http://www.iprbookshop.ru/

6.3 MNepeyeHb NULIEH3NOHHOIO U CBOGOAHO pacnpoCcTPaHsAeMOoro nporpaMmMHoro o6ecrneyeHus

MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHme maTepmanbHO-TEXHMYECKOMN Oa3bl, HEOO6XO0AMMOW ANA OCyLEeCTBNEeHUA obpa3oBaTeNnbLHOro
npouecca no gucumnsimHe

AyouTtopus OcHalleHune

MynbTuMeaunHoe obopyaoBaHune, cneLmanmapoBaHHas Mebenb, Aocka
JlekumoHHas y A PYA 4 P A
ayauTopus

YyebHasa ayautopust

CﬂeLl,VIaJ'IVIiBI/IpOBaHHaFl mebernb, Jocka
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