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Pabouas nporpamma QUCLUMNIIMHBI COCTaBMNeHa B COOTBETCTBMM nNpukasom MunHobpHayku Poccum ot 20.10.2021 Ne 951
"O6 yTBEPKAEHUN (bedeparnbHbIX FOCYAapCTBEHHBLIX TPEOOBaHUI K CTPYKTYPE NPOrpaMmM NoaroTOBKM Hay4YHbIX U HAay4HO-
negarormyeckmx KagpoB B acnupaHType (aaAbloHKTYpE), YCNOBUAM UX peann3almmn, Cpokam OCBOEHUS 3TUX NporpamMmm ¢
YYETOM pasnnyHbIX hopm 00yyeHus, obpasoBaTeNnibHbIX TEXHOOMUI 1 0COOEHHOCTEN OTAENbHbLIX KaTEropumn

acnupaHToB (aabHOHKTOB)"

CocraButenb (K):
CTapLuui npenopasaTternb

3aB.kadegpon

OT kadbeapbl cocTaBuTENS:
3aBeayownii kadeapon HAHOCTPYKTYPHbIX BOMOKHUCTbIX
M KOMMO3ULIMOHHBIX MaTepuanos UM. a.u.meoca

Ot BbINyckatoLen kaceapsbi:
3asegyowmn kagegpom

MeToaunyeckunn otaen:

MapueHtok Bagnm
BnagummpoBuy
AcTalukmHa Onbra
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JlbiceHko AnekcaHap
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AcTalukmda Onbra
BnagumuposHa



1 BBEAEHUE K PABOYEW NPOrPAMME OUCLUMNIIUHBI

1.1 Uenb ancuunnuuebl: Llenbio gucumnnuHbl aensieTcs obecnedeHme dyHaaMmeHTanbHbIX 3HaHWUI U

HaBbIKOB B 0651aCTV HAHOTEXHONOMMIA U HAHOMaTepPUaroB, NOBLILIEHNE Ka4YecTBa

NOArOTOBKM acnMpaHTOB NyTEM Pa3BUTUSA Y HUX TBOPYECKNX CNOCOBHOCTEN 1

CaMOCTOSITENBbHOCTM NPWU PELUEHMM OCHOBHbIX 3a4ad npodheccuoHanbHOM AesATenbHOCTM B obnactu paspaboTku
HaAHOTEXHOMOIMIN, NONyYeHUs!, UCCriefoBaHMsA

N NPUMEHEHNSA HaHOMAaTEPManoB ¢ 3agaHHbIMU (OU3NYECKMMU CBONCTBaAMM U

NnoaroToBKa K KaHAMAATCKOMY 9K3aMEHY.

1.2 3agayun OUCLUNIUHBI:

- N3yyeHne PU3NKO-XMMUYECKNX OCOBEHHOCTEN 1N 3aKOHOMEPHOCTEN, 00yCcrnaBnMBatoLLnX OPMUPOBaHME, SBOSHOLMIO
1 CBOMCTBA HAHOCUCTEM 1 HAHOMAaTepuarnos;

- bopmMmpoBaHMe Hay4yHO-OOOCHOBAHHOIO Moaxoda NpWU M3yYeHUU U3MKO-XMMUYECKUX CBOWMCTB HaHOpPa3MepHbIX
CUCTEM C LieNbto NoMny4YeHnsa MaTepmnarnoB C 3aaHHbIMN XapakTepucTuKkamu;

- BbliBNEHWE M U3y4YeHWe 3aKoHOMepHocTeln npoueccoB opmMupoBaHusa pasnuyHblx 0D-, 1Du 2D-HaHocucTem,
TBEpAOa3HOro B3aMmoaencTBIS 1 NPEBPALLEHNI B HUX;

- M3y4eHue NPUHUMMOB Bblibopa (PYHKLUMOHANbHLIX HAaHOMAaTeEpPMaroB M UX KOMMOHEHTOB, KOTOpble obGecneyvBatoT
BbICOKYI0 CTabnnNbHOCTb CUCTEMBI B MPOLIECCE €€ M3rOTOBIIEHUS U AKCMyaTaumm;

- pasBUTME HAaBbLIKOB pELUEHUs creunanbHbiX (U3NKO-XUMUYECKUX 3adayvy MNPUMEHWTENbHO K HaHOpa3MepHbIM
cuctemam.

1.3 MecTo AUCLMNANHDLI B CTPYKTYpe NpOorpaMmmbl acAMpPaHTypbl:
OvcumnnuHa oTHocutca Kk OB6pasoBaTenbHOMY KOMMOHEHTY «[OucumnnuHbl (Mogynu)» [porpammbl NOATrOTOBKU
Hay4HbIX U Hay4HO-Neaarornyeckmnx Kagpos B acnupaHType

3HaHuA n YMEHUA, NoJTy4eHHbIe acnmpaHTaMn npmu ndy4veHnn OaHHOW AUCLMMNMMHBI, HEOOX0AUMBI npu
noAroToBke K caa4ve KaHOMOaTCKOro 3k3amMmeHa n HanmcaHum ﬂ,VICCGpTaLI,VIOHHOVI paGOTbI

MNeparorvka 1 NCMXONoOrns BbICLLEN LIKOMbI
3 COOEPXAHUE N NOPAOOK OCBOEHUA ANCUUTMIIUHDI

KoHTakTHas
o ® paboTa
5as dopma
HanmeHoBaHWe 1 cogepxaHne pa3genos, TeM U y4ebHbIX Qo 9( CP TeKylLIEro
Y s
3aHATUI 3 S®| Jex Mp. | (vack) KOHTPONSA
O Z | (yacbl) | (4acbl)
Pasgen 1. BBegeHne B HAHOTEXHOJIOTUIO.
Tema 1. Onpepenenne HaHoTeXHONOrMn. BosHnkHoBEHNE 1
pas3Butne HaHoTexHonormn. OCHOBHbIE NOAXOAbI B
HaHoTexHonoruu. ObLLme NoNoXeHus. 5 3 15
MpakTnyeckoe 3aHaTre: HaHotexHonorusa B Poccuu. a

MCTOpMFl BO3HUKHOBEHUA N Pa3BUTUA

Tema 2. HaHOCTPYKTYpUpOBaHHbIe MaTepuarnsl.
HaHoknacTepsbl, KBQHTOBbIE TOYKW. YrnepoaHble 5 10
HaHOCTPYKTYpbl. HeyrnepoaHblie HaHOCTPYKTYPb!

Pasgen 2. CsoricTBa HaHOMaTepunanos. [NonyyeHune
HaHOMaTepuanos.

Tema 3. MexaHudeckue, XuMmyeckme n anekTpuyeckme 6 4 10
CBOWCTBA YIMepoAHbIX HaHOCTPYKTYP.

Tema 4. Tepmuyeckue ceornctea. OnTn4eckne CBOMCTBA. A
MarHuTHble cBoMcTBa. XMMUYECKNE CBOMCTBA.
Buonorunyeckue ceoncTsa. [pyrne cBOMCTBA. 5 3 15
MpakTnyeckoe 3aHsTMe: CpaBHUTENbHLIA aHann3 CBOMUCTB
HaHoMaTepuarnos

Paszgen 3. nepCI'IeKTMBHbIe HaHoMaTepuarnbl.

Tema 5. KOHCTPYKUNOHHbBIE 06 BEMHbIE HAHOMaTepuarnsbl.
HaHoKOMMNO3UTbl HA OCHOBE MErkux MeTansnos. i}
HaHokoMNo3uTbl HA OCHOBE MONIMMEPOB. 4 3 16
MpakTnyeckoe 3aHsTME: KOHCTPYKTLUMOHHBIE HAHOKOMMO3UTbI
B Poccuu.




Tema 6. ObnacTn NnpMMeHeHns HaHOMaTepuanos.
MpakTuyeckoe 3aHsTUE: Ncnonb3oBaHne HaHOMaTepmnanos B
TPaHCMOPTHOM MalMHOCTpPoeHun. [MpumeHeHune
HaHoMaTepranoB B BOEHHOW TexHWKe. HaHomaTtepuanbl B
pasnuyHbIX BUaax aHepreTukn. HaHomaTtepuansl B
CTPOUTESNTIbHON MHAYCTPUU. HaHoTexHonormm B
BuonHaycTpum.

Tema 7. 3apaBooxpaHeHMEe 1 3aLuuTa OKpYXatoLwen cpefbl.
MpakTnyeckoe 3aHATME: HaHOTEXHOorMm 1 340poBLE:
Hay4Hble JaHHble 1 YNpaBneHne puckamu.

WUtoro B cemectpe (Ha kypce ansa 3A0)

32 16 96

KoHcynbTauumn n npomexyTovHas atrectaums (Qk3ameH)

Bcero koHTakTHas paborta n CP no aucumnnuHe

48 132

4. ®OHJ OLIEHOYHbIX CPEACTB ANA NPOBEAEHUA MPOMEXYTOYHOM ATTECTALIUU

4.1.2 Cuctema u KpuTepum oueHUBaHUSA

KpuTepun oueHvBaHus

LLikana oueHnBaHus
YcTHoe cobecenoBaHue

MucbmeHHas paboTa

5 (oTnn4HO)

MonHbIN, ncyepnbiBaOLWUN OTBET, ABHO
JEMOHCTPUPYIOLLMIA rNy0oKoe NOHMMaHue
npegMeTa 1 LUMPOKYH 3pyanLnio B
oueHnBaemowm obrnactu. Kputunyeckni,
OpUrnHanbHbIA Noaxo4d k MmaTepuany. Kayectso
NCMNOJTHEHNS BCEX SNIEMEHTOB 3aaHus
MOMHOCTLIO COOTBETCTBYET BCEM TpeboBaHUAM.

4 (xopoLwuo)

OTBET NOSHbIA, OCHOBAHHbLIN Ha NpopaboTke
BCeX 00sA3aTeNbHbIX MICTOYHUKOB MHG)OPMaLNN.
Moaxon k MaTepuany oTBETCTBEHHbIN, HO
CTaHOapTHbIN.

OTBeT cTaHAapTHbIN, B LIENIOM Ka4eCTBEHHbIN,
OCHOBaH Ha Bcex 00s13aTeNbHbIX UCTOYHMKAX
nHcopmauuu. MpurcyTcTBYOT HEGONbLLNE
nNpobenbl B 3HAHUSIX UM HECYLLLECTBEHHbIE
OLLNOKN.

3 (yRoBNeTBOpUTENLHO)

OTBeT BOCNPOU3BOAUT B OCHOBHOM TOSbKO
NeKUMOoHHbIe MaTepuansl, 6e3
camocTosiTenbHOM paboTbl C pEKOMEHA0BAHHOW
nutepatypon. leMoHCTpUpyeT NoHnMaHue
npeamMeTa B Lenom, 6e3 yrnybneHus B getanm.
MpucyTCTBYIOT CyLLEeCTBEHHbIE OLIMOKM Un
npo6enbl B 3HaHWSX MO HEKOTOPbIM TEMaM.
OTBeT HenomHbIW, OCHOBAHHbIW TONBbKO Ha
NEeKUMOHHbIX MaTepuarnax. [1pn noHumMaHum
CYLLHOCTM NpeameTa B LeNoM — CyLLeCTBEHHbIE
OLWMBKM unu npobenbl B 3HaHUSIX cpasy no
HEeCKONbKNUM Temam, He3HaHune (nyTaHuua)
Ba>XHbIX TEPMUHOB.

2 (HeyOooBNETBOPUTESNBLHO)

HenoHumaHuve 3agaHHOro Bonpoca.
HecnocobHocTb chopMynupoBaThb XOTs Obl
OTAENbHbIE KOHLENUUW AUCLMMNIINHDI.
MonbITka cnUcbIBaHUSA, NCMOMNb30BaHNUS
HepaspeLLEeHHbIX TEXHUYECKNX YCTPONCTB Nnn
Nonb30BaHUS NOACKA3KOW ApYyroro YyernoBeka
(BHE 3aBMCMMOCTM OT YCMELUHOCTU TaKown
NonbITKK).

4.2 TunoBble KOHTPOJIbHbIEe 3aA4aHUA UNU UHbIe MmaTepuanbl, HeobXxoAMMble ANA OLEeHKU 3HaHUN, ymel-mﬁ,

HaBbIKOB U (UNK) onbiTa AEATENbLHOCTU
4.2.1 NepeyvyeHb KOHTPOSIbHbLIX BOMPOCOB




Ne n/n ®dopmMynnpoBKM BONPOCOB

Cemectp 6

BosHukHOBEHME 1 pa3BnTUEe HaHOTeXHOoNorun B Poccun

YrnepogHble HaHOCTPYKTYpPbI

MexaHnyeckne cBouncTBa HaHOMaTepuanos.

XnUMMYECKUN CBOMNCTBaA HaHOMaTepmanos

SﬂeKTpW-IeCKVIe cBOMNCTBa HaHOMaTepuasnoB

TepMVILIeCKVIe cBONCTBa HaHOMaTepuanos.

OnTuyeckme cBoncTBa HaHOMaTepunasnoB

MarHuTHble cBONCTBa HaHOMaTepunasnoB

Olo|N|o|a|D|w|IN]-~

Buonornyeckne ceoncrtea HaHOMaTepuanoB

10 KOHCTPYKUMOHHbIE 06 bEMHbIE HAHOMaTepMarbI.

1 HaHOKOMMNO3MTLI HA OCHOBE MONIMMEPOB

12 O6nacTtv npyMeHeHWU HaHOMaTepuanos

13 Mcnonb3oBaHve HaHoMaTepuanos B TPAHCMOPTHOM MalMHOCTPoeHu. Mpumepsl

14 HaHomaTepwuarnel B CTpouTernbHOM MHAYCTpuKn. MNprnmepsl

15 HaHoTexHonorum n 30opoBbe

16 Mcnonb3oBaHne HaHOMaTepuarnbl B pasnnyHbiXx 06nacTax aHepreTukun. [Npumepsi.

17 WccneposaHve HaHomaTtepuanos B 6buonHayctpun. MNpumepsl.

4.2.2 TunoBble NPaKTUKO-OPUEHTUPOBaAHHbIE 3a4aHNA (3a4ayu, KEUChbI)
1. Ha dboTorpadhmm, nonyyeHHOM ¢ UCMofb30BaHNEM CKaHMPYIOLLErO 3MEKTPOHHOIO MUKPOCKONA, NPeACTaBNEHbI
HaHo4acTuubl. OnpeaenuTe xapakTep U CTENEHb ANCMNEPIMPOBaHWS HanoHMTENs B 06bemMe NONIMMEPHON MaTpuLibl.
CpoenanTte BbIBOA Ha CKONbKO MOJTyYEHHbIE AaHHbIE N3 MUKPOGOoTorpachmin COOTBETCTBYIOT UCXOOHBIM
napameTpa HaHo4YacTUL, NpegoCTaBNEHHbIX 3aBOAOM MPOM3BOAUTENEM.

4.3 MeToauyeckue matepuanbl, onpeaensiowme npouenypbl oLeHUBaHUA 3HaHUMWA, YMEHUMU, BrnageHui (HaBbIKOB
¥ (WNKN) NpPaKTUYeCKOro onbiTa AeATEeNIbHOCTH)

4.3.1 YcnoBus gonycka obyyaroLierocsi K npoMeXXyTo4HoOu aTTectalmMm u nopsaokK NMMKBMAaLmMm akageMmu4eckomn
3a0MKEeHHOCTH

MpoBeaeHve NPOMEXYTOYHOW aTTECTaLUMM pernameHTUpoBaHO NokanbHbIM HOPMaTUBHbLIM aktom CIM6rynTa
«lMonoxeHne 0 NPOBEAEHNN TEKYLLETO KOHTPOMS YCNEBAEMOCTU 1 NMPOMEXYTOYHOM aTTecTauum oby4datoLLmMXCs»

4.3.2 ®opma npoBeAeHMA NPOMEXYTOYHON aTTecTaumm No AUCUUNIINHe

YcTHas + NMncbmeHHas KomMnbloTepHOE TECTUPOBaHUE ET]

4.3.3 OcobeHHOCTH NpOoBeAEHNA NPOMEXYTOYHON aTTecTauum no AUCUUNIINHe

1.M3yyeHre AUCUMNNHLI 3aKaHYMBaETCs caaven KaHaMOAaTCKOro aksameHa.

2. AcnvpaHT nepej caadeit aksameHa npefocTaBnsieT pedepaT No BbIGpaHHOW UM TeMe UCCrefoBaHus.

3. Mpoueaypa caayn kKaHOMOATCKOro ak3ameHa perynvpyeTtca TpebosaHusMu OIMONM no kaHamMpaTckomy
3K3aMEHYy.

JK3aMeH NpoBOAMTCS NMUCbMEHHO (Ha NoAroTOBKY NUCbMEHHOTO OTBeTa 0TBOAMTCS 50 MUHYT), 9K3aMeH
NpPVYHUMaeT KOMUCCHS], MO pe3ynbTaTtaM oopMIISeTCs MPOTOKOS cAauu KaHAUAATCKOro dKk3ameHal.

5. YHEBHO-METOAU4YECKOE U MH®OPMALMOHHOE OBECNEYEHUE OAUCLUUNIIUHDbI
5.1 YyebHasa nutepartypa

ABTOp 3arnaswue | MN3gaTtenbcTBo | [oa nspaHna | Ccbinka
6.1.1 OcHoBHas y4yeb6Has nutepartypa
O. B. ActawkuHa, B. dyHOaMeHTanbHbIE OCHOBbI http://publish.sutd.ru/
A. Xykosckun, A. A. WHHOBALVOHHbIX tp_ext_inf_publish.ph
JIbiceHko TEKCTUNbHbLIX TEXHOJOTUA. p?id=202130
dyHOameHTarnbHble OCHOBBI Carkr-NeTepGypr:
B obnactu xumum n - .
cnierynrg 2021

HaHOTEeXHOoNorum npu
pa3pa60TKe MHHOBALUMOHHbIX
TEKCTUIbHBIX TEXHOSOMNI




Komuccapos, A. A., MeTannnyeckne Mocksa: Manatennckuii http://www.iprbooksh

Poraves, C. O. HaHoMaTepwvansl ans ﬂ,O.M MAMCI/IC 2020 op.ru/106873.html
MeLMULMHbI

ConHues, HO. 1., HaHoTexHonornm n http://www.iprbooksh

MpsaxuH, E. U, crneunanbHble maTtepmansl . op.ru/97818.html

BononkaHuHa, C. A., Carikt-lleTepBypr: 2020

MNeTkoBa, A. 1., XUMU3AAT

ConHuesa, 1O. IM.

JlnunnH B.A HaHoTexHonorum B Cankr-MeTen6vor: http://publish.sutd.ru/
XUMWYECKON TEXHOMNOTNMN CI'I6FYI'IPI'ﬂyp ) 2020 tp_ext_inf_publish.ph
npou3BoACTBa NONIMMEPOB p?id=20205063

6.1.2 lononHuTenbHasa y4ebHasa nutepartypa

Komuccapos, A. A., MeTtannuyeckne M N o https://www.iprbooks

Poraues, C. O. HaHomartepwuansl Ans ockea. I?Anvzlagegbcmm 2020 hop.ru/106873.html
MeOULUHBbI Fom v

Angpuesckun P. A. OcHOBbI HAHOCTPYKTYPHOIO https://ibooks.ru/read
MaTepuanoBeaeHus. ing.php?
Bo3moxHOCTU 1 npobnembl. Mockea: lNaBopaTtopus 2020 short=1&productid=3
— 4-e n3g., ANEeKTPOH. — 3HaHUN 72656
(HaHoTexHonormm
(JTaBopaTopus 3HaHWIA))

JlbiceHko A. A, PU3MKO-XMMMNYECKNE OCHOBbI http://publish.sutd.ru/

ActawwkuHa O. B., nony4veHus tp_ext_inf_publish.ph

Caknakoga E. B., HaHOCTPYKTYPHbIX p?id=2161

KysHeuos A. 1O. NonMMepPHbIX Cn6.: cnerynTa 2014
KOMMO3ULMNOHHbIX
MaTepmarnos u
HaHOTEeXHONornn

5.2 NepeyeHb NpodeccnoHanbHbIX 6a3 AaHHbIX U NH(OPMALMOHHO-CNPABOYHbIX CUCTEM

1. OnekTpoHHO-bMbnnoTedHas cuctema «IPRbooks» [QnekTpoHHbIN pecypc]. — Pexum goctyna:
http://www.iprbookshop.ru .

2. OnekTpoHHas bubnuoteka CMNIYMTL  [OnekTpoHHbIn pecypcl. — Pexum goctyna:  http://publish.sutd.ru .

3. eLibrary.ru [OneKTpoHHbI pecypc]: Hay4YHas anekTpoHHas 6ubnuoTteka. — Pexum goctyna: http://elibrary.ru

5.3 Nepe4yeHb NULEH3MOHHOro U cCBOGOAHO pacnpoCTPaHAEMOro NporpaMmMHoOro oéecneveHus
MicrosoftOfficeProfessional
Microsoft Windows

5.4 OnncaHme maTepuanbHO-TeXHU4YeCKoOn 6a3bl, Heo6XxoAUMOM AN ocyLecTBNeHusa obpa3oBaTesibHOro
npouecca no gucumnsimHe

JlTabopaTopuu kadenpbl

AyauTtopus OcHalleHne

CneumnanuavipoBaHHas mebenb, Aocka
YyeGHas ayautopus

MynbTuMeguiiHoe obopyaoBaHue, cneumnanmanpoBaHHas mebenb, Jocka
JNekynoHHas y A PyA H P A

ayautopust
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