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1 BBEQEHWUE K PABOYEN NMPOrPAMME OUCLUMNIUHBI

1.1 Uenb gucumnnuHbl: CchopmmpoBaTb KomneTeHuum obyyarolleroca B obBnactu acneKkroB TEXHONOorum
nony4eHus HaHo4acTuL, a Takke B 06n1acTu PU3NKO-XMMUYECKUX B3aUMOLENCTBUIA NMPU UX NONYYEHUN
1.2 3agayun OUCUMNNVHBI:

* paccMOTpeTb MPUHLMMbI KNaccudukaLmm HaHO4acTuL, CBOMCTBA, OCHOBHbIE METOAbLI 1 06nacTu NPpMMEHeHUs
HaHo4YacTuL,

* npencrtaBnUTb obwume TexHonormm nony4yeHunsa pasnmyHblX BMAOB HaHO4YacTuny

+ chopmMupoBaTb LIeNOCTHOE NpeacTaBfeHne O B3aMMOCBSA3N (PU3NYECKUX U XUMUYECKUX XapaKTepuUCTUK u
Mopdonormm HaHo4acTumL,

* OTPa3nNTb COBPEMEHHbIE CMOCObbI NOMyYEeHUs TUMOB HAaHOYaCTUL, U METOAbI UX UCCIeA0BaHNS

1.3 Tpe6oBaHus K NpeABapUTEeNbLHON NOAroTOBKE oby4atrollerocs:

MpenBapuTenbHas NOAroToBKa npegnonaraeT co3gaHne OCHOBbI ANs (hOPMUPOBAHUSA KOMMETEHLUI, yKa3aHHbIX
B M. 2, NPU U3y4EHUW OUCLIMMNIINH:

O6was xumnyeckas TexHonorus

®usrka n XMms NONMMEPOB, CUHTE3, CTPYKTYPa 1 CBOWCTBA BbICOKOMOIEKYNAPHbIX COEAUHEHUN

TexHonornsa NoNMMeEpHbIX KOMMNO3ULIMOHHBLIX MaTepunarnos

TexHomorms Npon3BOACTBAa XMMUYECKUX BOFIOKOH — HanonHUTEnNen Ans KOMNO3ULMOHHBIX MaTepuarnos

®U3NKO-XMMUS HAHOCTPYKTYPHBIX MONIMMEPHbBIX MaTepuanos

2 KOMNETEHLUUU OBYYAIOLLEFroCcsA, ®OPMUPYEMbBIE B PE3YJIbTATE OCBOEHUA OANCLIUIMTIIUHBI

MK-1: Cnoco6eH ocyLecTBNATbL COOP U cMCTEeMaTU3aLUI0 HayYHO-TEXHUYECKOW nHpopMaLmm o CyLLeCcTBYOLUX
HaHOCTPYKTYPUPOBaHHbIX KOMMNO3MLMOHHbIX MaTepuanax

3HaTb: knaccudukaumio HaHOOGLEKTOB, MPOLIECCHI UX NOMYYEHNs!, OCHOBHbIE CBOWCTBA U 06rnacTyi NpuMeHeHUst

YMeTb: HaxoguTb U aHanuanpoBaTb WHMOPMaLMIO, Kacalowyics CUHTe3a, NPUMEHEHUS U UCCIeLOoBaHUS CBOWCTB
HaHOOOBHEKTOB

BnapeTb: HaBbikamu c60pa MHGOPMaLIMM MO NOMYYEHNO U UCCrefoBaHNID HaHOOGBHEKTOB

MK-2: Cnoco6eH pa3pabaTtbiBaTb ONbITHble 06pa3L bl HAHOCTPYKTY PUPOBaHHbIX KOMMO3ULMOHHbLIX MaTepuanos

3HaTb: Knaccbl HAHOOOGBEKTOB B TBEPAOM COCTOSIHUM, XUAKOCTSX U ra3ax, NpoLecchl NonyvyeHnsi HaHo4YacTuL, NOPOLLKOB,
CYNPOMONEKYNSAPHbIX CUCTEM Y HAHOOGLEKTOB BYOMOIMYECKOTO NMPOUCXOXKAEHUS

YMmeTb: ucCrnonb3oBaTb B3aMMOCBSA3b CTPYKTYPbl M CBOMCTB HAHOYACTUL, WX YCTOWYMBOCTW, OMCMEPrUpyemMocTH,
arnoMepaumu 1 TpaHcdopMauuy Npy PasnuyHbIX BO3AENCTBUAX

BnapeTb: HaBblkamu BeiGopa HaHOYaCcTUL, A pa3paboTky HAHOCTPYKTYPMPOBAHHBLIX KOMMNO3ULIMOHHLIX MaTepranos

3 PE3YIJIbTATbI OBYYEHUA MO ANCLUUIMIIUHE

KoHTakTHas
paboTta

CP MHHoBAaL,. dopma

dopmbl TeKyLiero
yacel o
( ‘i-laiKl;l) (qgg;l) ( )| sansmuin KOHTpONSt

HavnmeHoBaHue 1 cogepxxaHue pasaernos,
TEM 1 y4eOHbIX 3aHATUN

CewmecTp
(kypc ans 3A0)

Paspen 1. Knaccundukaunsa
HaHOCTPYKTYPHbIX NonMMepHbIX
MaTepmarnoB, NX KOMNOHEHTOB M NOAX0O0B K
nony4eHuto

Tema 1. Knaccudmkaums BNOB
HaHOCTPYKTYPHbIX maTtepuanos.
HaHocTpyKkTypHbIE nonmmMepHble
maTtepuanbl (HIMNM) kak oguMH n3 BMAOB
HaAHOCTPYKTYPHbIX  06bekToB.  BasoBble

TEPMUHbI N NMOHATUA. 3 o,T

Tema 2. MpuHUMNBI nonyyeHns
HaAHOCTPYKTYPHbIX MaTepuanos "
HaAHOCTPYKTYPHbIX NonMMepHbIX
MaTepuanos. MpuHUMNBI nony4yeHus
HaHOCTPYKTYPHbIX Martepuaros, 1 1 4 un
OCHOBaHHbIE Ha AeneHnn 1n obbeguHEeHUU
MaTepuarnbHbIX 0ObeKTOB. MpaHuubl
pasgena das B HaAHOCTPYKTYPHbIX
MaTepuarnos.




Paspgen 2. lNoBeneHne n B3aMmogencTeue
HaHo4acTuy,

Tema 3. T[loBegeHwe HaHovacTUL, npwu
pasnnyHbIX PU3MKO-MEXAHNYECKMX
BO3OENCTBUAX Ha HMX. [ncneprupoBaHue,
arnomepauusi, cnekadue, cnuvsiHie. Bugpl
B3aMMOZENCTBUIN MeXOy HaHo4YacTuuamu.
ATOMBI, KBaAHTOBbIE TOYKM,
HaHoarnomeparbl, HaHo4YacTUUpbl,
MUKPOOOBEKTbI.

Tema 4. YCTOM4MBOCTb HAHOOOBLEKTOB.
Mepexoabl " KMHETUYEecKne
3aKOHOMEPHOCTU NepexofoB OT aTOMapHOro
(MONEKyNSAPHOro) COCTOSIHUS K HaHOTOYKaMm
" HaHo4yacTuuam. OneKTpOHHbIe,
POTOHHbIE, 3MEKTPOMarHUTHLIE CBOWCTBA
HaHOOOBLEKTOB.

nn

Pasgen 3. Buapbl HaHo4acTuL, U BUAbI nop

nn

Tema 5. MeTtannu4yeckne, MeTanokCuaHbIe n
apyrve BuAbl HaHo4acTUL, C BKIOYEHMEM
aToOMOB MeTarnsos.

Tema 6. HaHonopucTble Tena.
MornekynspHble cuta Kak OauH U3 00bLEKTOB
HaHOTEXHOSOIMN. HaHonopucTble
yrnepogHble copbeHThI.
TepmopacluMpeHHble rpadonTbl.
HaHonopucTble rMuHbl U Opyrue crioucTtble
HaHomaTtepuanbl. OKkcua - KpPeMHUEBble
HaHOMOPUCThLIE COpPOEHTHI i

nn

Tema 7. Kugkne Kpuctannbl 7]
XMOKOKpUCTannuyeckune MHOroMepHkble
obeTtbl. MwuuenspHble W NIMNOCOMHbIE
cuctemMbl. MonekynsipHble Crou U NIEHKN.

nn

Paspgen 4. TllonyyeHne HaHo4yactTuy W
MEeTOoAbl NCCNeaoBaHNsA HaHoYacTUL

nn

Tema 8. DU3NKO-XUMUYECKME OCHOBbI
nonydeHuss HaHoyactuu. [lBa npwuHUMNa
nonyydeHuss MUKPO- W  HaHOAUCNEPCUN:
aucneprupoBaHme N KoHAeHcaums.

nn

Tema 9. T[lonyyeHne OTAENbHbLIX BUAOB
HaHo4acTumL, n HaHOMOPOLLKOB.
MeTtannuueckue n MeTanokcuaHble
yacTuupl. YrnepogHble  HaHOOWCMNEPCUW:
dynnepeH.l, HaHOTPYOKN, Caxu,
HaHOBOIOKHA, HaHOKOHYCbI n T.0.
TepmopaclumpeHHble rpacduThl. [NnaHapHbie
cnon. ®ynneputbl. KpemHuiicogepxawue
HaHoamcnepcuu: aspocun n ap.
HaHonneHkun 1 HaHOMOKPbLITUSA.

nn

Tema 10. MeToabl cuHTE3a ynopsAo4EeHHbIX
HaHOCTPYKTYp, HaHOKpWUCTansbl, HaHOYCHI.
CamoopraHunsaumsi. TamnneTHble
TEXHOMOINMK.

mn

Tema 11. MeToabl nccnegoBaHud
HaHo4yacTuLl.

mn

Wtoro B cemecTtpe (Ha kypce anst 3A0)

60

KoHcynbTaumm n npomexxyTodHast
attectauus (3ader)

0,25

Bcero koHTakTHasa pa6orta u CP no
AucuUnnuHe

8,25

60

4 KYPCOBOE NPOEKTUPOBAHUE

KypcoBoe npoekTupoBaHue y4eGHbIM MaHoM He NPpegyCcMOTPEHO




5. ®OH[] OLIEHOYHbIX CPEACTB AN NPOBEQEHUA NPOMEXYTOYHOW ATTECTALMU

5.1 OnncaHue nokasarteneun, KOPUTEPUEB U CUCTEMbI OLleHUBaHUA pe3yNibTaToB 00y4YeHus
5.1.1 NokasaTtenn oueHUBaHuA

Koa
KoMmneTeHuunn

lMokasaTenu oueHMBaHUA pe3ynbTaTtoB 06y‘-IeHM$|

HanmeHoBaHMe oLeHO4YHOro
cpeacTtea

MK-1

OnucbiBaeT npouecc noucka, cbopa n obpabotkm uHpopmauum o
cnocobax nonydyeHnss HaHoyactuu. PaspabaTbiBaeT KpuTepum
cuctematm3aumm U CTPYKTYpuMpoBaHus UWHdopmauuu. [MpoBoguT
KPUTUYECKUA aHanm3 u CMHTE3 MHopMaLum, NOMYyYEHHOW U3 pasHbliX
nctovHukoB. OLeHNBaET COBPEMEHHOE COCTOSIHME U Pa3BUTME HAYKM O
HaHOCTPYKTYPMPOBaHHbLIX KOMMO3ULMOHHLIX MaTepuanax (HaHo-,
Guomatepmanax u KOMNo3uTax).

Bonpocebl
cobecenoBaHus
TecToBble 3agaHus
MpaKkTMKo-OpnUeHTMpoBaHHbIE
3agaHus

YCTHOIro

MK-2

ManaraeT OCHOBblI CTPOEHWs, Mopdonormm, Kriaccuukaumio,
CBOMWCTBA U CNOCOObI MOMYyYEeHUs1 HAHOYaCTUL, Pa3NMYHON MPUPOAbI.
[aeT cpaBHUTEMbHYIO OLIEHKY CBOWCTB, COMOCTaBNSET BapuaHThbl
nony4yeHns maTepuarnos ¢ HaHoYacTuUamu n cnocobeH BoibrpaTb TUN
HaHo4yacTuL, B 3aBUCUMOCTU OT KOHEYHON oBnacTu MX NpUMEeHEeHUs.
MpoBOAMT 3KCNEPUMEHTbI MO W3Y4EeHUI0 CBOWCTB HaHOYacTWL, Ha
COBpeMeHHOM  obopydoBaHMM U OCYLECTBNATb  0bpaboTky
MONYYEHHbIX AaHHbIX.

Bonpockl
cobecenoBaHus
TecToBble 3agaHus
MpakTUKO-OpUEeHTUPOBAHHbIE
3agaHus

YCTHOrO

5.1.2 Cuctema 1 KpuTepum oL eHUBaHUA

Llkana oueHnBaHus

Kputepumn oueHnBaHma chopMmMpoBaHHOCTU KOMMNETEHLUN

YcTHoe cobecenoBaHne

MNMucbmeHHas pabota

Obyvatowwmiics TBEPAO 3HaeT
nporpamMmmHbIA MaTepuar, rpamoTHO M Mo
CYLLEeCcTBY M3naraetr ero, He pgonyckaet
CYLLIECTBEHHbIX HETOYHOCTEW B OTBETE Ha

BOMpPOCHI, cnocobeH npaBuIbHO
3a4yTeHo
NMPMMEHUTL  OCHOBHble  MeTogbl U
WHCTPYMEHTBI npu peLlueHnn
NpakTU4YecKnx 3apad, Brnageet
HeoOXOAMMbIMU HaBblKaMW U NpuemMamu
NX BbIMONHEHUS.
Ob6yvaloWwmiics He MOXET W3NOXUTb
3Ha4YNTENbHOM  4acTu  MNPOrpammMHOro
He 3auteHo

Marepuana, gonyckaet cyweCTBeHHble
owmnbku, ponyckaet HeTO4YHOCTU B

dopMynMpoBkax U JokasaTenbCcTBax,
HapyLeHus B nocnenoBaTenbHOCTM
W3MOXEeHWs MNporpaMMHOro  maTtepuana;

HeyBepeHHO, C 6onbwnmMm 3aTpyaHEHNAMA
BbINONMHAET NpakTn4vyeckne 3agaHus.

5.2 TunoBble KOHTPOJNbHbIE 3aA4aHWUA UNKN UHbIe MaTepuanbl, Heo6xoaUMble ANA OLeHKN 3HaHUN, Y MEeHUHN,
HaBbIKOB U (UNK) oNbiTa AeATENbHOCTU
5.2.1 NMepeyeHb KOHTPOJIbHbLIX BOMPOCOB

Ne n/n |

dopMynMpPoBKM BOMPOCOB

Kypc 3

—_

Knaccudmkaums HaHOOOBHEKTOB U HaHoOMaTtepuanos. Ocobble dusmnyeckue, xummnyeckmne u Ouonornyeckne
CBOWCTBA HAaHOYacTUL, 1 HAHOOOBEKTOB.

B3anmocBAa3sb CBONCTB 1 pasmepos YyacTtuy. paHnya pasgena das.

HaHoo6bekTbl 61Monormyeckoro xapakrepa. [paHuua pasgena ¢as.

lMNoBeaeHne HaHoYacTUL, MPU PasNNYHbIX PU3NKO-MEXaHNYECKMX BO3OENCTBMAX Ha HUX. (ducnepruposaHue,
arnomepauus, cnekaHue, crimsiHme)

Buabl B3anmoaencTemin Mexay HaHovacTuuamu.

ATOMbI KBAHTOBbIE TOYKM, HaHoarnomepartbl, HQHOYaCTULbl, MVIKpOOﬁ'beKTbI.

YCTONYMBOCTb HAHOOG BEKTOB.

3]'IeKTpOHHbIe, (POTOHHbIE N 3NEKTPOMarHUTHbIE CBOMCTBA HaHOOOBHEKTOB.

O(o|N|[o(o] & |W[IN

MeTannuyeckne, MeTanokcuaHble ¥ Apyrue BUabl HaHoYacTuL,.

-
o

HaHonopucTble Tena. MonekynsipHele cuta.




11 HaHonopucTble yrnepogHbele copbeHThl. TepmopaciunpeHHbie rpaduThl.

12 HaHonopucTble rMuHbI U ApyrMe crioucTble HaHoMaTepuarbl.

13 OkcnAa-KpeEMHMEBBLIE HAHONMOPUCTLIE COPOEHTBLI U HAHOAMCNEPCUM.

14 XKungkue kpuctannbl U XKUOKOKPUCTANNINYECKUEe MHOroMepHble 06 beKThI.

15 MuuensipHble u IMNOCOMHbIE cucTeMbl. MonekynspHble Cron 1 NAEHKN.

16 [Ba npuHumna nonyyvyeHna MMKpo- n HaHogucnepcun: aAucneprupoBaHne n KoHgeHcaums.

17 I'IonyHeHme oTAEenbHbLIX BUAOB HAHOYACTUL, U HAHONOPOLIKOB. MeTannuyeckne u meTanokCuaHble YacTuubl.

18 YrnepogHble HaHOAMCMNEePCUK.

19 TepmopaclumpeHrHslie rpacduTsl. lNnaHapHsle cnow.

20 dynnepeHsl.

21 KpemHuiicogepxatline HaHoaucrnepcum.,

22 MeTtogpl cuHTesa ynopAaao4YeHHbIX HAHOCTPYKTYP. HaHokpuctannsl, HaHOYCbI.

23 CamoopraHnsaumsa HaHOCTPYKTYP.

24 TamnneTHble TeEXHOMNO1N.

25 MeToabl nccrnefoBaHnsa HaHo4YacTul,

5.2.2 TunoBble TeCTOBbIE 3a4aHusA

Mpumep Bonpoca 1B TecTe: O6bEKTLI CYNTAIOTCS HAHOMacLITabHBIMU, eCNY OAHW U3 MapameTPOoB UX U3MEPEHUI
HaxoQaTcs B AnanasoHe:

1) 1-100 Hm (BepHbIN)

2) 100-1000 Hm

3) 1000—-10000 Hm

Mpumep Bonpoca 2 B TecTe: ArperatmBHas yCTONYMBOCTb KONMOWAHBIX pacTBOPOB BO3pacTaeT:
1) npu go6aeneHun MNMAB (BepHbIN)

2) NOHWXeHWM Temneparypbl

3) nepemelunBaHnmn pactesopa

Mpumep Bonpoca 3 B TecTe: Kakon nokasatens onpegenset kadyectso TPIM?
1) KONU4ecTBO NpuMecew (BEPHbIN)

2) KONNYEeCTBO CTagUN NonyyYyeHus

3) TemnepatypHble pexumbl nonydexHna TP

Mpumep Bonpoca 4 B TecTe: K yemy npusognT ancnepruposaHne?
1) K yBENUYEHNIO NOBEPXHOCTU (BEPHbIN)

2) yBenuyeHuio KonnyecTaa YacTuy,

3) yBenuyeHuio obbema, 3aHMMaemMoro YactTuyamm

Mpumep Bonpoca 5 B TecTe: KakMMu MHCTPYMEHTaMm Nonb3yTCA HAHOTEXHOMOMM ?
1) oNTUYECKUM MUKPOCKOMOM
2) 30HAOBLIM MWKPOCKOMOM (BEPHbIN)
3) MHOroKkpaTHO yBenu4yMBatoLLen nynom
5.2.3 TunoBble NPaKTUKO-OPUEHTUPOBAaHHbIE 3aAaHNA (3apayun, Kenchbl)
Mpumep 1 - nepeyncnuTb KnaccuuKaumio Xakux KpMcTannos U NPUBECTU UX KOHKPETHbI NpUMepsI
Mpumep 2 - HanncaTb CyLLHOCTb cnocoba Nony4yeHns HaHOBOSIOKOH TeMMMaTHbIM METOA0M
Mpumep 3 - oxapakTepu3oBaTb MaTepuarnsl, Nofy4eHHble no TexHonornu Nanospider

5.3 MeTogu4yeckne maTepuanbl, onpegensaowme npoueaypbl OLeHMBaHUS 3HaHUW, YMEeHUN, BNnageHun (HaBbIKOB
1 (MNK) NpaKTMYECKOro onbiTa AeATENbHOCTH)

5.3.1 YcnoBusa gonycka ob6y4aroLerocs K npomMexxyTo4HOW aTrectaumm U nopsifok NUKBUAaLMN akageMnyeckomn
3a40/HKEHHOCTU

MpoBegeHMe NPOMEXYTOYHOW aTTecTauun pernaMmeHTUPOBaHO NoKanbHbIM HOpMaTtuBHbIM aktom CM6IMYMNTA
«MonoxeHne o0 NPOBEAEHUN TEKYLLLETO KOHTPOSSI YCNEBAEMOCTU U MPOMEXYTOYHOM aTTecTaumm obydatoLwmxcsa»

5.3.2 ®opma npoBeaeHUs NPOMEXYTOYHON aTTecTauMm No gucuunnaHe

YcTHas + lNncbmeHHas KomnbloTepHOe TecTMpoBaHne NHasa

5.3.3 Ocob6eHHOCTN NpoBeAeHUA NPOMEXYTOYHOM aTTecTauum No AUCLUNIINHE

Bo Bpemsi npoBeaeHUs ak3ameHa CTYAEeHT MMeeT BO3MOXHOCTb NOMb30BaTbCH CNPaBOYHMKaMU. Ha noarotoBky
oTBeTa cTyaeHTy otBoamTca 30 MUHYT, Bpems Ha oTBeT — 20 MUHYT.




6. YHEBHO-METOAMYECKOE U UH®OPMALMOHHOE OBECNEYEHME ANCLUUMIIUHDbI
6.1 YyebHasa nutepatypa

AsTOp I 3arnasue I M3paTenbcTBO log n3paHusa I Ccblinka
6.1.1 OcHoBHas y4ye6Has nuTepaTtypa
UniowwuH, B. A HaHomaTtepuansl HoBocuBMpeK: http://www.iprbooksh
" op.ru/98719.html
HoBocunbupckumn
. 2019
rocynapCTBEHHbIN
TEXHUYECKUIA YHUBEPCUTET
TumowmnHa, K. A.,|BBeneHue B KasaHb: KasaHckun http://www.iprbooksh
BosHeceHckun, 3. ®. |HaHOTEeXHonornu HauMoOHarnbHbIN op.ru/109536.html
nccnenoBaTenbCcKum 2019
TEXHOMOMMYecKkum
YHUBEPCUTET
6.1.2 lononHuTenbHana yyebHasa nutepartypa
bnecmaH, A. U.,|TeopeTndeckume OCHOBbI . . https://www.iprbooks
OaHvbwnHa, B. B.,|mMmetogos ncenegoBaHus Omck: Omckuii . hop.ru/78478.html
MonoHsaHkuH, O. A. HaHoMaTepuanos rOCy,qaRCTBeHHbIM 2017
TEXHUYECKNIA YHUBEPCUTET
Amocos, A. I1.,|Mpouecchkl nonydeHua| Camapa: Camapckuii http://www.iprbooksh
TNatyxuH, E. UN., FOguH, |HaHOMaTepuanos rocyaapCTBEHHbIN 2019 op.ru/111409.html
M. E. TEXHUYECKNIN
yHuBepcuteT, 96C ACB
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6.2 NMepeyeHb NpodeccuoHanbHbIX 6a3 AaHHbIX U UHG(OPMAaLMOHHO-CNPAaBOYHbIX CUCTEM

PedepatnBHas n cnpaBoyHasa 6a3a gaHHbIX peLeH3npyemMon nutepatypbl Scopus [anekTpoHHbIn pecypc]. URL:
https://www.scopus.com
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6.3 NMepeyeHb NULLEH3MOHHOIO U CBOOOAHO pacnpoCTpaHAeMoro NpPorpamMmMHOro oéecneyeHus
MicrosoftOfficeProfessional
Microsoft Windows

6.4 OnucaHue maTepuanbHO-TeXHUYeCcKoMn 6a3bl, HeO6Xo0AUMMON ANA OCyLeCcTBNEeHUs o6pa3oBaTenbLHOro
npouecca no gucumnnuHe

Ayauntopus OcHalleHne

MynbTuMeanimHoe obopyaoBaHue, cneuuannanposaHHas mebenb, Jocka
JlekunoHHas y A PYA H P A
ayguTopus

YyebHasn ayamTopus

CneuvanuanpoBaHHas mebenb, gocka
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