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1 BBEQEHME K PABOYEW NPOrPAMME OAUCLUNIUHbI

1.1 Uenb pucuunnuHbl: CdopmmupoBaTb KOMMETEHUMM oby4datowlerocss B 06racT HaAHOTEXHOMOTMUA MyTem
3HAKOMCTBa C PasfMYHbIMW TUMNAMW HAHOCTPYKTYP XMBOW M HEXWBOW MPMpOAbl, MX Krnaccudukaumen, oTnmyYnTerbHbIMU
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 K NpeaBapuTeNbLHOM NOAroTOBKe O6y4aloLerocs:

MpenBapuTenbHas NoaroToBka nNpeanonaraeT co3gaHne OCHOBbI Anst POPMUPOBAHUA KOMMNETEHLMI, YKa3aHHbIX B M.
2, Npy U3y4YeHUN OUCLUMNIIUH:

YuebHas npakTuka (03HaKOMUTENbHAasA NpPakTUKa)

OOwas n HeopraHnyeckast XMMunsi

MaTemaTuka

dusmka

AHanuTnyeckas XMMmmsa n pmsnMKo-xMMmnyeckne MeToabl aHannsa
OpraHunyeckasa xmmmsi

duanyeckasn xmmus

2 KOMMETEHUUU OBYYAIOLWLEIOCA, dOPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA AUCLUNIUHDbI

MK-2: CnocobeH OoCyLecTBNATbL BbINOJIHEHUE SKCNEePUMEHTOB U Ot*)OpM.ﬂeHMe pe3ynbTaToB nccnefoBaHun u
pa3p360TOK B 06nacTu XMMU4YeCKOW TEXHOSOIMMU OopraHn4eckKkux n HeopraHmM4eckmx BeLlecTB

3HaTb: KJ'IaCCI/I(bVIKaLI,VIPO, 0CObeHHOCTH CTpoeHud, CBOWCTBA, OCHOBHble METOAbl CUHTE3a U nony4vyeHma opraHn4Yecknx u
HeOopraHn4eCcKkunx HaHOOOBHLEKTOB U HaHOMartepunasnoB

YmeTtb: npoBOAUTb IKCNEPUMEHTbI C NCNOJIb30BaHNEM HaHOTEXHOOMMIA, HAHOOOBHEKTOB U HaHOMaTepuanoB
BnapeTb: HaBblikaMy uccnegoBaHus OpraHn4eCcKmnx n HeopraHM4eCKmnx HaHOOOBHLEKTOB U HaHOMaTepuanoB

3 PE3YJIbTATblI OBYYEHUA NO ANCUUNNUHE

O | KoHTakTHas
< [pabota
o
5@ MHHoBaL, dopma
HanmeHoBaHue 1 cogepxaHune pasgenos, oy CP OpMbI TeKyLLero
TEM U y4EeOHbIX 3aHATUN 29| nex Mp. (vachbl) 3AHSTHIA KOHYI'pOJ'Iﬂ
[&]
© 2 | (vach) | (vacw)
4

Pasgen 1. Uctopusa passutus
HaHOTEXHONorum

Tema 1. MecTo HaHOpa3MepHbIX OOBEKTOB B
oKpyxatlLlem mupe. HaHoTexHonorus. 1 2 nin
HaHonHgycTpus.

Tema 2. NMpeanockbinku passuTuUs
HaHOTEeXHONOrMn. Hay4yHo-TexHu4eckui
nporpecc. JBOMOLUS IMINPUYECKOTO U

1 3 4 nn
TEOPETUYECKOro Hay4YHOro 3HaHWSI.
MpakTnyeckoe 3aHsaTUE: ceMuHap «4YTo Mbl
3HaeM O HAHOTEXHOSIOrUAX» 5 3
Tema 3. Otanbl pa3BUTUSA HAHOTEXHOSOTUN:
OT Teopun BPOYHOBCKOro ABMXEHUS 00 2 2 nn

MaHUNynmMpoBaHUA MOJiekynamMmm n atoMmamu.

Tema 4. VicTopusi OTKpbITUS YriepoaHbIX
HaHOO6beKTOB. [MNaToHOBLI N ApXUMeaoBbI
Tena. dynnepeHbl. Buckepbl. YrnepoaHblie
HaHOTPYOKM. 1 2 6 mn
MpakTu4yeckoe 3aHsTUE: cemmnHap «Ponb
TexHu4eckux paspaboTok XX Beka B
pPasBUTUN HAHOTEXHONOMNN»




Paspen 2. HaHOOGBHEKTLI U HAHOMaTepuansl

Tema 5. OCHOBHbIE TEPMUWHbI U OMpeaeneHus.
Knaccudurkaymsa HaHOOBHLEKTOB U 2 2
HaHOMaTepu1aros.

nn

Tema 6. MHoroo6pasne HaHOOOHLEKTOB U
HaHoMmaTepuanoB. HaHOOBBLEKThI XXMBOW 1 2

NpUpOAbI.

nn

Tema 7. MHoroobpasne HaHOOObEKTOB U
HaHoMaTepuanoB. HaHOO6BHEKTLI HEXNBOW
npupogbl. TexHoreHHble HaHoMaTepuarnsl. 1 2 4
MpakTnyeckoe 3aHsaTME: ceMnHap «>Kn3Hb B
OKPY>KEHUN MMPUAL0B HaHOYaCTUL»

nn

Tema 8. OcobeHHOCTU CTPYKTYPbI U CBOWCTB
mMaTepuanoB B HAHOCOCTOSIHUM.
MpakTnyeckoe 3aHATME: ceMuHap «Paznuuus
B CBOWCTBaX MakpoO N HAHOOOBEKTOBY

nn

Paspen 3. MNony4yeHue n obnactu
NPUMeEHeHNs1 HaHoMaTepuaros

Tema 9. OCHOBHbIE NPUHLUMBI NONYYeHUs
HaHOOOBLEKTOB U HAHOMAaTepMarnos.
[MpakTnyeckoe 3aHATME: CeMUHap 2 2 4
«HaHoTexHonoruu Ha cTpaxe 300pOBbA
yernoBeKa»

nn

Tema 10. O6nactn npuMeHeHus
HaHoTexHonornn. OTe4ecTBEHHbIN U
3apyBexHbIN OnbIT N0 NPaKTU4ECKOMY
BHEOPEHNI0 HAaHOTEXHOSTOTUM. 2 2 4
[MpakTnyeckoe 3aHATME: ceMUHap
«lMpumeHeHne HaHOTEXHOMOIMMI B aBma- u
MaLUMHOCTPOEHNNY

Ko

nn

Tema 11. PuUckn pasBuTms HQHOTEXHOSTOTUIA:
NPOrHo3, ynpaBneHue puckamu,
nppauuoHarbHble NOCNeAcTBUsS. JTUKa 1
coumnarnbHasa OTBETCTBEHHOCTb YY4EHOrO. 1 3 5,75
MpakTnyeckoe 3aHgaTMe: cemuHap «byayuiee
YenoBeyecTBa B CBETE pa3BUTUS

nn

HaHOTEXHOMNOrm»
UTtoro B cemecTpe (Ha kypce ans 3A0) 16 16 39,75
KoHcynbTauuu n npoMexyTovHas atrecrtaums 025
(3auver) ’
Bcero koHTakTHasa paborta n CP no 32.25 39.75

OVUCLMMNMHE

4 KYPCOBOE NPOEKTUPOBAHUE
Kypcosoe npoekTnposaHne y4ebHbIM NiiaHoOM He NpedycMOTPeHO

5. ®OHJ, OLIEHOYHbLIX CPEACTB ANA NPOBEAEHUSA NPOMEXYTOYHOW ATTECTALIUU
5.1 OnucaHue nokasarteniein, KpUTepueB M CUCTEMbI OLLEHUBAHNA Pe3ynbTaToB 00yYeHus

5.1.1 NokasaTtenu oueHUBaHUA

Kon

MokasaTenu oueHnBaHNs pe3ynbTaTtoB O6yHeHI/IF|
KOMneTeHumnn

HanmeHoBaHMe oUueHOYHOro
cpeacrtea

MepeuncnsieT OCHOBHbIE KMacChl HAHOOOBHEKTOB OPraHNYECKON U
HeopraHu4eckoin Npupoasbl.

PackpbiBaeT NpUHLUMMbI NONy4YeHUss HAHOOGBHEKTOB.

MnK-2 CocTaBnsieT 0630pbl OPraHNYECKNX 1 HEOPraHUYECKUX HaHOMaTepuanos
N HaHOOBLEKTOB, packpbiBaeT 061ACTM U OCOBEHHOCTM UX MPUMEHEHNS.
MopbupaeT onTyManbHble MEeTOAb! UCCIeA0BaHNUS CBOWCTB
OpraHM4Yeckux U HeopraHMYeCKUX HaHOOOLEKTOB.

Bonpocbl ycTHOro
cobecepoBaHus
MpaKTUKO-OPUEHTUPOBAHHbIE
3agaHuna




5.1.2 Cucrtema 1 Kputepmm oLeHUBaHUA

Kputepum oueHnBaHns cchopMMpPOBaAHHOCTM KOMMNETEHLIMN

LLikana oueHnBaHuSA
YcTHoe cobecepoBaHne MucbmeHHasa paboTa

OO6yuvatowminca nokasbliBaeT 3HAHWSA
OCHOBHOr0 y4ebHOro matepuana B
MUHUManbLHOM 06beme, Heobxoanumom ans
fanbHerwen y4ebbl; Moo 4oCTaTOYHbIN
YPOBEHb 3HAHUI B Npegenax 0OCHOBHOMO
y4yebHoro matepuana; nmdo BCECTOPOHHEE,
cucTemaTtmyeckoe 1 rnybokoe 3HaHue
OCHOBHOIO W AOMOMHUTENBHOrO y4ebHoro
mMaTepuana.

CnpaBnsieTcs ¢ BbINONMHEHWEM 3a4aHUN,
npeaycMOTPEHHbIX Nporpammor 6e3
owmnbok, nmbo gonyckasi Npu aTom
HEKOTOPOE KONMYECTBO
HeNpUHLMNManbHbIX oWNBoK nnm
HeCYLLLeCTBEHHbIX NOrpeLLUHOCTEN.
O6nagaeTt HeobXoAMMbIMUN 3HAHUAMM ANS
MX YCTPaHEeHUs1 CaMOCTOATENbHO UMK Nnoa
PYKOBOACTBOM npenogasaTens.

3HaKoM C OCHOBHOW nuTepaTypow,
pEKOMEHAOBAHHOM NPOrpaMmMon.

3ayTeHo

O6yyatowmiics obHapyxunBaeT npobensl B
3HaHMAX OCHOBHOrO y4ebHOro matepumana,
AonyckaeT NpuHUMnuanbHbie ownbky B

He 3auTeHo BbIMNONHEHWUN NPEAYCMOTPEHHbIX
nporpaMmon 3agaHun, He 3HakoM C
peKoMeH0BaHHOW NUTepaTypon, He MOXeT
UCnpaBuTb JOMYLLEHHbIE OLUUOKM.

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

Ne n/n | dopmynmnpoBKku BONPOCOB

Cemectp 5

MoHaTue HaHOpa3MepHoro obbekTa un HaHOCTPYKTYPHOro matepuana.

n peanocbInikn pa3BnuTuna HaHOTEXHOMOIMMI.

OT1ansl pa3BuTuA HaHOTEXHOMOMNA.

HaHooObekTbl BOKpYr Hac: B4Yepa, cerogH4d, 3aBTpa.

HaHoo6beKTbl X1BOW NpMpoabl.

HaHo0o6beKTbl HEXMBOW NPUPOAbI.

OcobeHHOCTM CTPYKTYpPbl M CBONCTB HAHOOOBEKTOB.

OcCHOBHble NPUHUMNbI NONyYeHUA HaHOOOBHEKTOB.

Olo|N|O|O|D|WIN]|~

I'IpaKTquCKoe npuMeHeHne HaHOTEXHOMOMMI.

10 Puckn, cBa3aHHbIe C pasBuTMEM U MPUMEHEHNEM HAaHOTEXHOMNOMUNA.

1 OTuka n coumnanbHas OTBETCTBEHHOCTb Y4EeHOro B ceBeTe pa3BuUTuA HaHOTEXHOMOMMN.

12 YrnepogHble HaHOTPYOKN.

13 dynnepeHsl.

14 Buckepsl.

15 BnvsiHne HaHogoGaBOK Ha CBOMCTBA KOMMNO3WLIMOHHOTO MaTepuana.

16 HaHoTexHonorun. OnpegeneHvne n TepMUHbI.

17 Knaccudukaumsa HaHOOObEKTOB M HAHOMAaTEPUanoB.

18 HaHouacTuubl MeTannos, MeToabl NOMyYeHUs.

19 McTopus OTKpbITUA YriepoaHbIX HAaHOYaCTuUL,.

20 lMepcnekTuBHbIE HANPaBreHNs HaHOTEXHOMNOMI

5.2.2 TunoBble TECTOBbIE 3a4aHus
He npegycmoTtpeHo



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

MpvMep NpaKTUKO-OPUEHTUPOBAHHOIO 3a4aHUSA: Kak MU3MEHUTL PEONOrMYeCKNe CBOMCTBA NOSIMMEPHbIX
TEPMOPEaKTUBHbIX CBSA3YIOLWNX?

KpaTkuit npuMep oTBeTa: O4HUM M3 Hauboriee PacnpoCTpaHEHHbIX, B OTPACny MPOU3BOACTBA KOMMO3UTHbBIX
MaTepuarioB U U3nenuii 3 HUX, MeTofoM MoaMUKaLMN PEONOTMYECKUX CBOUCTB MONMUMEPHBIX TEPMOPEaKTUBHbIX
CBA3YIOLLMX SBMSIETCS BBEAEHWE B HUX J0OABOK AMOKCHAA KPEMHWS, GO B BUAE HAHOPa3MepHOro nopoLuka, 6o B
BMZe YacTuL, coaepkalunx HaHonopel. Bnarogaps BbiCOKoW Nrowaan yaenbHon NoBEpXHOCTM faHHasa fobaBKka MOXeT
n3bupaTenbHO NOrMoLaTh U3 OKpYXKaloLLleln cpeabl UK CBS3bIBaTL rasbl, Napbl U pacTBOPEHHbIE BellecTBa. B
pacTBopax CBA3YIOLLMX OHa CNocoGHa yBeNuUMBaTL BA3KOCTb, U CreAoBaTeNbHO MEHSITb MX TEYEHWE, YTO aKTyarbHO,
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 TepMoaAnHaMnYeCkne XxapaktepucTtumkm (TepMOCTOVIKOCTb,

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

5.3 MeToaunyeckue maTepuansi, onpegensilolme npoueaypbl oLleHUBaHUA 3HaHUW, YMeHUW, BnagaeHui (HaBbIKOB
1 (MNn) NpPaKkTUYECKOro onbiTa AEATENIbHOCTH)
5.3.1 YcnoBus gonycka oby4arolierocs K npoMexXyToyHoM aTrecTauum m nopsifok NMKBUAaLMmM akageMm4ecKomn

3aA0J1IXKEeHHOCTHU

MpoBeaeHe NPOMEXYTOYHOM aTTeCTALMN PErNaMEHTUPOBAHO JTIOKaNbHbIM HOPMaTUBHbLIM akToM CM6rYMTA
«lMonoxeHne 0 NPOBEAEHNN TEKYLLEFO KOHTPOSSA YCNIEBAEMOCTU 1 NMPOMEXYTOYHOM aTTecTauum oby4datoLLmMXcs»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTaumMu No AucCUUnIIMHe

YcTHas +

MucbmeHHas

KOMI'IbiOTepHOG TeCcTupoBaHune

5.3.3 OcobeHHOCTU NpoBeAeHUA NPOMEXYTOYHOW aTTecTalmMm No ANCUUNIINHe

Ob6yyatowemycs gaetcst 20 MUHYT Ha NOArOTOBKY MO BOMPOCaM YCTHOro onpoca U 10 MUHYT Ha YCTHLIN OTBET.
[ns HanucaHnsa acce faetcs 40 MUHYT.

MHas

6. YYHEBHO-METOOAMYECKOE N UH®OPMALMUOHHOE OBECNEYEHWE OUCLUUNIUHDbI
6.1 YuebHasa nutepaTtypa

ABTOp 3arnasue M3gaTtenbcTBo | [oa nspaHma | Ccbinka
6.1.1 OcHoBHas yyebOHas nutepartypa
Acees, A. Jl. MonynpoBoAaHWKN K Hosocunbupck: https://www.iprbooks
HaHOTEXHONornmn Hosocnbupckuii 2023 hop.ru/134582.html
rocyaapCcTBEHHbIN
yHUBEpPCUTET
Bnecman, A. ., MeToabl uccnegoBaHusa https://www.iprbooks
[aHblvHa, B. B., HaHoOMaTepuarnosB Mockea: A INun Ap Meguna 2023 hop.ru/128969.html
MonoHsaHkuH, O. A.
CmupHosB, B. U. dursnyeckme oCHOBLI Mockea, Bororaa: UHdpa https://www.iprbooks
HaHOTEXHOMorMn n -|’/|H)KeHepl/I.ﬂ 2023 hop.ru/133308.html
HaHomaTtepuanbl
"anoykuH, B. A. BBegeHue B HaHOTEXHOMOMMM Mockea, Borioraa: Urdpa https://www.iprbooks
N HAHO3MNEKTPOHNKY ’ ) P 2023 hop.ru/133311.html
-NHxeHepus
LLleB4eHko, . M., MeToabl AnarHocTuKU n ) https://www.iprbooks
AcHaga, M. A., BnuHoB, |aHanusa HaHocucTem Crasponons: Cdepo- hop.ru/135705.html
A. B., BruHosa, A. A., Kaskasckui 2023
UcnupsH, A. T. heaepanbHbili
yHMBepcuTeT
6.1.2 [lononHuTenbHaa yyebHas nutepatypa
O. B. ActalkuHa, A. BeepeHuve B Cankr-NeTenbvor http://publish.sutd.ru/
A. JTbiceHko, A. B. HaHOTEXHOmOorno CI'I6I'yI'IPI',D,yp ’ 2021 tp_ext_inf_publish.ph
MonaHckun p?id=202129
TumowwmHa, HO. A., BeeneHue B HaHOTEXHOMNOMMN KasaHb: KasaHcKkui http://www.iprbooksh
Bo3HeceHckuin, 3. . HaLMOHanbHbIN op.ru/109536.htmi
nccnengoBaTenbCKUN 2019
TEXHOMOrM4YeCcKnmn
yHUBEpPCUTET
A. A. JlbiceHko, H. B. PU3NKO-XMMUA 1 NonyyYeHne c n VDI http://publish.sutd.ru/
[unaHkuHa HaHo4acTuy, aHKT-1 eTepoypr. 2020 tp_ext_inf_publish.ph

crnerynta

p?id=2020126




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

(DYHLI,aMeHTaJ'IbeIe OCHOBbI
MHHOBAUMOHHbIX
TEKCTUIbHBIX TEXHOSTOTUN.
CDyHnameHTaanble OCHOBDbI
B 06nacT Xumuu m
HaHOTEeXHOoNorum npu
pa3pa60TKe MHHOBALUMOHHbIX
TEKCTUNbHbIX TEXHONOIMN

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-bmbnuoTedHas cuctema IPRbooks [AnekTpoHHbi pecypc]. URL: http://www.iprbookshop.ru/

6.3 MepeyeHb NULIEH3NOHHOIO U CBOGOAHO pacnpoCcTPaHsAeMOoro nporpaMmmMHoro o6ecneyeHus

MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHme maTepmanbHO-TEXHMYECKOMN 6a3bl, HEO6X0AMMOM ANA OCYLIEeCTBNEeHUA obpa3oBaTenbHOro
npouecca no gucumnsivHe

Ayautopus OcHalleHune

MynbTuMeauiiHoe obopyagoBaHue, creumanuanpoBaHHas mebenb, Jocka
JlekumoHHas Y A PYA 4 P A
ayauTopus

YyeGHas ayautopus

Cneumnan n3npoBaHHas mebenb, gocka
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