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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:

I'Ipe,D,BapMTeanaﬂ noAroToBKa npeanonaraeTt co3gaHne OCHOBbI AnA CbOpMI/IpOBaHI/IFl KoMneTeHuun, YKa3aHHbIX B .
2, npun n3yv4eHnmn ancunninH:

O6Lwas xummyeckas TeXHororus

OpraHunyeckasa xmmmsi

dusmyeckas xmmus

AHanuTrnyeckas Xummsa n prusnMKo-XxMMmnyeckne MeToabl aHanmsa
OOwas n HeopraHnyeckast XMMunsi

dusmka

YuebHas npakTuka (03HaKOMUTENbHAasA NpPakTUKa)

2 KOMMETEHUUU OBYYAIOLWLEIOCA, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA AUCLUNIUHDbI

MK-2: CnocobeH ocywecTBNATL BbIMOJIHEHUE IKCNEPUMEHTOB U ochopmMIieHMe pe3ynbTaToB UccrnefoBaHUM U
pa3paboTok B 0611aCTM XMMUYECKOM TEXHONOMMN OpraHnyYecKnXx U HeopraHM4eckmnx BellecTB

3HaTb: KJ'IaCCVICbVIKaLWIIO, 0CcoBeHHOCTH CTpoeHud, CBOWCTBA, OCHOBHble MeTOoAbl CMHTE3a U nony4yeHuna opraHn4Yecknx u
HeopraHn4ecKkunx HaHOOOBHLEKTOB U HaHOMaTepunarnoB

YmMmeTb: npoBOAUTb 3IKCNEepUMeEHTbI C NCNOJib30BaHNEM HaAHOTEXHOMOrN, HAHOOOBEKTOB U HaHOMaTepuanoB

BnapeTtb: HaBblkaMu nccnegoBaHna OpraHn4eckmnx n HeopraHnM4eckmnx HaHOOOBHEKTOB U HaHOMaTepuanoB

3 PE3YNIbTATbI OBYYEHUA NO ANCUUNNUHE

O |KoHTakTHas
< |paboTa
o
5 WHHOBaL, dopma
HanmeHoBaHue 1 cogepxaHune pasgenos, S =® CP
_ = dopmbl TeKyLLero
TEM U y4eOBHbIX 3aHATUN s g Nek. Mp. (4achl) BAHSTHIA KOHTpONS!
(&)
© 2 | (uacsl) | (vacw)
x

Pasgen 1. Uctopusa passutus
HaHOTEXHONOMN

Tema 1. MecTo HaHOpa3MepHbIX 06BEKTOB B
OKpyXatoLiemMm Mmupe. HaHoTexHonorus. 1 2 un
HaHouHaycTpus.

Tema 2. NpegnockInku passuTns
HaHOTEeXHONOrMn. Hay4yHo-TexHu4eckui
nporpecc. JBOMOLUS IMINPUYECKOTO U

1 2 4 un
TEOPETUYECKOro Hay4YHOro 3HaHWSI.
MpakTnyeckoe 3aHsATME: ceMnHap «YTo Mbl
3HaeM O HAHOTEXHOSIOrUAX» 5 C)
Tema 3. Otanbl pasBUTUS HAHOTEXHONOTUIA:
OT Teopun BPOYHOBCKOTO ABUXEHMWS A0 1 4 un

MaHUNynmMpoBaHNUA MOJiekynamMmm n atoMamMu.

Tema 4. VicTopusi OTKpbITUS YriepoaHbIX
HaHOOOBEKTOB. [NaToHOBLI N ApXUMELOBbI
Tena. dynnepeHbl. Buckepbl. YrnepoaHble
HaHOTPYOKMN. 2 3 4 un
MpakTnyeckoe 3aHsTHE: cemuHap «Pornb
TexHun4yeckunx paspabotok XX Beka B
pasBUTUN HAHOTEXHOMOrMN»




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>KEHUU MMPUALO0B 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 NONYyYeHUs
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
BHEOPEHMNI0 HaHOTEXHOSTOTUM. 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 pPa3BUTUS

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 nokasaTtesnien, KpUTepueB M CUCTEMbI OLLEHUBAHNA pPe3ynbTaToB 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 gnst ycTHoro
cobecepoBaHus
MpaKTUKO-OPUEHTUPOBAHHbIE
3agaHuna




5.1.2 Cucrtema 1 Kputepmm oLeHUBaHUA

Kputepum oueHnBaHns cchopMMPOBaAHHOCTM KOMMNETEHLIMI

LLkana oueHnBaHus
YcTHoe cobecenoBaHme lMucbMeHHas paboTa

OOyuatoLmiics nokasbiBaeT 3HaHMSA
OCHOBHOrO y4yebHoOro matepuana B
MUHMManbHOM obbeme, HeobxoaMmMom Ans
AanbHenwen y4ebobl; MMbo 4OCTaTOYHBIN
YPOBEHb 3HaHWUI B Npeaenax OCHOBHOMO
y4ebHOro matepumana; nmbo BCECTOPOHHEE,
cucTemMaTtmyeckoe 1 rnybokoe 3HaHue
OCHOBHOIO M LOMNOMNHUTENLHOrO y4yebHoro
mMaTepuana.

CnpaBnsieTcs C BbINOMHEHWEM 3a4aHWMNA,
npeaycMOTPEHHbIX Nporpammor 6e3
owmnbok, nMbo gonyckasi Npy 3TOM
HEKOTOPOE KONMYECTBO
HEeNpPUHUMNManbHbIX OWNBOK Mnn
HECYLLECTBEHHbIX NMOrpeLlHOCTEN.
ObnapgaeT HeO6XOOUMbBIMU 3HAHMAMM 411N
NX YCTPaHEHUs1 CaMOCTOSITENBbHO UIK NoS
PYKOBOACTBOM NpenogaBaTensi.

3Hakom C OCHOBHOW nUTepaTypou,
pEKOMEHLOBAHHON NPOrpamMMon.

3ayTeHo

Ob6yuyatowmiica obHapyxuBaeT Npobenbl B
3HaHMAX OCHOBHOro y4yebHoro matepuana,
AonyckaeT npuHUMNuanbHble ownbky B

He 3auteHo BbINOSTHEHWWN MPeayCMOTPEHHbIX
nporpaMmMmon 3agaHun, He 3HakoM C
peKkoMeHA0BaHHOM NUTepaTypon, He MoXeT
NcnpaBuTb OONYLLEHHbIE OLLUMOKM.

5.2 TunoBble KOHTPOJIbHbIE 3aAaHUSA UM UHble MaTepuarnbl, HeO6XxoAMMble AN OLeHKN 3HAHUW, YMEHUH,
HaBbIKOB U (UNK) oNbiTa AeATeNbLHOCTU
5.2.1 NepeyeHb KOHTPONbHbLIX BONPOCOB

Ne n/n | dopmMynnpoBKM BONPOCOB

Cemectp 5

I'Ipe,unocun KM pa3ButTua HaHOTEXHOJSTOMUN.

HaHoobbekTbl BOKpPYr Hac: B4Yepa, cerogH4d, 3aBtpa.

HaHoo6bekTbl XXMBOW NpUpoabl.

HaHoo6bekTbl HEXXMBOW NPUPOabI.

OcHoOBHbIE NPUHUUNDbI NOJNTyYeHUA HaHOOOBHEKTOB.

Monsatne HaHOpa3MepHOoro obbekta un HaHOCTPYKTYPHOro martepuana.

OT1ansl pa3BuTuA HaHOTEXHOMOrMN.

OcobeHHOCTM CTPYKTYpPbl M CBONCTB HAHOOOBEKTOB.

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

npaKTVNeCKOG npuMeHeHne HaHOTEXHOMOMMI.

10 Pucku, cBsidaHHble C pa3BUTUEM M NMPUMEHEHNEM HAHOTEXHOSOMNN.

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

12 YrnepogHble HaHOTPY6KM.

13 dynnepeHsbl.

14 Buckepsl.

15 BnusiHne HaHogo6aBOK Ha CBOMCTBA KOMMO3ULIMOHHOTO maTtepuana.

16 HaHoTtexHonorun. OnpegeneHne u TepMUHLL.

17 Knaccudukaums HAaHOOOHLEKTOB 1 HaHOMaTepManoB.

18 HaHo4acTuubl MeTannos, MeToAbl NOAYyYEHNUS.

19 McTopus OTKpbITUA YriepoaHbIX HAHOYaCTuUL,.

20 lMepcneKkTnBHbLIE HanNpaBNeHNS HAHOTEXHONOTI

5.2.2 TunoBble TECTOBbIE 3a4aHus
He npegycmoTpeHo



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

MprMep NpaKTUKO-OPUEHTUPOBAHHOIO 3aAaHnsA: Kako HaHomaTepuan (M Kako Npupoabl) MOXHO 1CNONb30BaThb
AN U3MEHEHWNS PeoNTOrMYEeCcKX CBOWMCTB NOSNIMMEPHBLIX KOMNayHA0B?

KpaTkuii npuMep oTBeTa: O4HUM M3 Hanboriee pacnpoCcTpaHEHHbIX MOAU(UKATOPOM PEeOrorMyecKnX CBOMCTB
NONIMMEpPHbIX KOMMNayHAOB SBMSIETCS HEOPraHUYeCKUiA No NPUPOAE ANOKCUA KPEMHMS, MMBO B BUAE HaHOPa3MeEPHOro
nopoLuka, N1Go B BUAE YacTuL, CoAepXKallmx HaHomnopbl. bnaroaaps Bbicokol nnowaan yaernbHon NoBepXHOCTH
JaHHas fnobaBka MOXeT n3bmpaTesibHO NornoLlaTh U3 OKpyXatoLei cpeabl U CBA3bIBATL rasbl, Napbl U pacTBOPEHHbIE
BellecTBa. B pacTBopax koMnayHOB OHa CnocoGHa yBenuUMBaTb BSI3KOCTb, U CIie40BaTENbHO MEHSITb UX TEYEHME, YTO
aKTyanbHo, Hanpumep, Npy dOPMOBaHUK B BEPTUKanbHbLIX popMax. [MapannensHo HaHopasMepHbIA U HAHOMOPUCTBIX
OVOKCUL, KDEMHMS MOXET MOBbILLATL MPOYHOCTHbLIE XapakTEPUCTUKN U M3HOCOCTOMKOCTL MaTepuarnos (NnacTuku, CMOfb,
pe3uHbl, kayyyku, 6ETOH, acarnbT 1 Np.), yry4lwaTe TEpMOAMHAMUYECKUE XapaKTepUCTUKM (TEPMOCTOMKOCTb,
TENNONPOBOAHOCTL) MaTepUarnos; yry4waTb TpMGonoruyeckmue XxapakTepucTky (MoBbILLAET YCTOWYMBOCTD K
UcTMpaHuio). B HacToslee BpeMs Haubornee M3BECTHa HEMELKAsi TOProBasi Mapka Avokcuaa kpemHus —  Aerosil.

5.3 MeToanyeckue maTepuansl, onpeaensiowme npoueaypbl OLeHUBaHUS 3HaHUN, YMEeHUW, BnageHun (HaBbIKOB
¥ (WnKn) NpakTUYeCcKoro onbiTa AeATENbHOCTH)
5.3.1 YcnoBus gonycka oby4arolierocs K npoMexXyToyHoM aTTecTauum u nopsifok NMKBUAaLMmM akageMm4ecKkomn

3aA0J1IXKEeHHOCTHU

lMpoBeaeHve NPOMEXYTOYHOM aTTecTaumMmn pernameHTMpOBaHO NoKanbHbIM HOPMaTUBHLIM aktom CI6IYMTA
«lMonoxeHne 0 NpoBeAeHUN TEKYLLEro KOHTPOMS yCreBaeMoCTU 1 NPOMEXYTOYHOW aTTecTauum oby4vatoLLmxcsa»

5.3.2 ®opma npoBeaeHUsi NPOMEXYTOYHOM aTTecTaumMm No AUCUUnIIMHe

YcTHas +

lNncbmeHHas

KOMﬂbPOTepHOG TecTnpoBaHue

5.3.3 OcobeHHOCTU NpOBeAeHUs NPOMEXYTOYHOW aTTecTauum No ANCUUNIINHe

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

MNHasa

6. YYHEBHO-METOOAMYECKOE N UH®OPMALMUOHHOE OBECNEYEHWE OUCLUUNITUHDbI
6.1 YuyebHasa nutepaTtypa

ABTOp 3arnasue MN3paTenbcTBO | [loa n3gaHusa | Ccbinka
6.1.1 OcHoBHas yyebOHas nutepartypa
Acees, A. Jl. MonynpoBogHUKN K Hoeocubupck: https://www.iprbooks
HaHOTEXHOoNormm Hosocnbunpckuin 2023 hop.ru/134582.html
rocyaapCTBEeHHbIN
yHMBepcuTeT
Bbnecmah, A. L., MeToabl nccnegoBaHus https://www.iprbooks
[aHbluvHa, B. B., HaHoMaTepuanos Mocksa: An INu Ap Meguna 2023 hop.ru/128969.html
MonoHsaHkuH, O. A.
CwmupHoB, B. U. dursnyeckme o0CHOBLI Mockea, Bororaa: UHdpa https://www.iprbooks
HaAHOTEXHONOMNIA 1 -l’/|H)KeHepI/I.F| P 2023 hop.ru/133308.html
HaHoMaTepmarnbl
[fanoykuH, B. A. BBeneHue B HAHOTEXHONOMMKU Mocksa, Bororaa: WHd https://www.iprbooks
N HAHO3MNEKTPOHNKY ! Aa: pa 2023 hop.ru/133311.html
-UxxeHepus
LLles4yeHko, . M., MeToabl ANarHocTuKM n . https://www.iprbooks
AcHas, M. A., bnuHoB, |aHanusa HaHocucTem Crasponons: C%Bepo- hop.ru/135705.html
A. B., Brrosa, A. A., Kasasckmi 2023
UcnupsH, A. T. cheaepankHeil
yHMBepcuTeT
6.1.2 lononHuTenbHasa y4ebHasa nutepartypa
O. B. ActawkuHa, A. BBepneHue B CankT-MeTen6vor: http://publish.sutd.ru/
A. JTbiceHko, A. B. HaHOTEXHOMOorno CI'I6FYI'IPI',D,yp ) 2021 tp_ext_inf_publish.ph
MonaHckun p?id=202129
TumolumHa, 0. A, BeegeHne B HAHOTEXHOMOMMN Ka3saHb: KasaHckui http://www.iprbooksh
BosHeceHckuin, 3. . HauMOoHarbHbIN op.ru/109536.htmi
nccnenoBaTenbCKUm 2019
TEXHOJTOTNYECKUN
yHMBepcuTeT
A. A. JlbiceHko, H. B. PU3nKo-XMMUS 1 NonyyeHme Cankr-NeTen6vor http://publish.sutd.ru/
OwnaHknHa HaHo4acTuy, CI'I6FYI'IPI',D,yp ) 2020 tp_ext_inf_publish.ph
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

CaHkr-lNeTepbypr:
cnerynta

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 MNepeyeHb NULIEH3NOHHOIO U CBOGOAHO pacnpoCcTPaHsAeMOoro nporpaMmMHoro o6ecrneyeHus

MicrosoftOfficeProfessional
Microsoft Windows

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

AyauTopwus OcHalleHune

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

YyeGHas ayautopus

CneuvanuanpoBaHHas meGernb, Aocka
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