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Mporpammy ancumnnnHbl paspaboTan(a)(n) npodpeccop, O.H. (npodeccop) BepelwarnHa S.A.
Kadhenpa gousnyeckoin xummn Xmmmyeckuin MHCTUTYT M. A.M. bytneposa ,
Jana.Vereschagina@kpfu.ru

1. Uenn ocBOEHNS AUCLUMINHBI

Llensimn ocBoeHms oncumninHbl "PyHKLMOHANbHbIE HAHOMAaTepPWanbl U TEXHONOMUK UX NONyYeHns"
SBNSIOTCS packpbiTe 0COBEHHOCTEN (YHKLIMOHANbHBIX HAHOMaTepUanos, BK/Yas X CTPYKTYpY,
hu3nyeckne CBOMNCTBA, METOLbI CUHTE3A U UCCNIeN0BaHNS, 03HAKOMIEHNEe obyyatowmxcs ¢
NPaKTUYECKUM NPUMEHEHNEM (DYHKLIMOHANbHbBIX HAHOMAaTepManoB 1 NEPCNeKTUBaAMU KX
NCMONb30BaHNS.

2. MecTO AMCUMUNNNHBI B CTPYKTYpe OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

HaHHas yyebHas oncumnnunHa BkntodeHa B pasgen " C3.B.3 MpodgeccmnoHanbHbIA" OCHOBHOM
obpasosaTtenbHol nporpammbl 020201.65 PyHOaMeHTanbHas 1 NPUKNagHas XMMUS 1 OTHOCUTCS K
avcumnnnHam no Boibopy. OcBamBaeTcs Ha 4 Kypce, 7 CEMECTP.

ducunnnmHa "®yHKUMoHanbHble HaHOMaTtepuasbl U TEXHONOMMU UX MONy4eHnsa" OTHOCUTCS K
omcumnanHam no Bblbopy ydebHoro umkna C.3 "MpodeccuoHanbHble (cneunanbHble) AUCUMMINHBL"
ang npodouns "dusndeckasd xmmMms". HaHOTEXHONOIr MK, KNIOYEBBLIM 3/IEMEHTOM KOTOPbIX SIBMSOTCS
HaHomarepwarnbl, CTanu B NocnenHee BpemMs Hay4yHbiM 1N roCy0apCTBEHHbIM MPUOPUTETOM Hallei
cTpaHbl. PaspaboTka, co3naHue u NpakTMyeckoe npMMeHeHne goyHKLMOHaNbHbIX HAaHOMaTepuanos
TpebyeT MexaucumnanHapHoro noaxoaa. MexamcumninHapHbIi XxapakTep AUCUUMAVHBI
npeanonaraet, 4TO 414 ee YCNewHoro 0OCBOEHUS CTyAEeHT OONMXeH 3HaTb (oyHAaMeHTallbHble OCHOBbI
MateMaTtukn, uanku, bronorun, XuMmun (HeopraHmnyeckas, opraHuyeckas, gomamdeckas,
aHanuTnyeckasi), Pusnyeckom XMMmm HaHoMaTepranos.

3. KomneteHuuu obyyarolerocs, hopMmpyemble B pe3ynbTate 0CBOEHUS AUCLUMIUHDI
/mopynsi

B pe3ynbTate 0CBOEHUSI AMCLMNINHBI (OOPMUPYIOTCS Cleaytowme KOMNeTeHUNN:

PacwmdpbpoBka
LLucpp komneTeHLmu npuobpeTaemMon KOMMNeTeHL N
MK-1 NMOHMMAET CYLLHOCTb U COUUanbHy0 3HA4YMMOCTb NPogoeccuu,
(npodpbeccroHanbHble OCHOBHbIX MEPCNEKTVNB 1 NPOBNeM, onNpenensowmnx KOHKPETHYO
KOMreTeHuun) obnactb OesTeNbHOCTH

B pe3ynbtaTe 0CBOEHUS OUCUMUMANHBI CTYOEHT:
1. DONXEH 3HaThb:

3HaTb CTPYKTYpYy ¥ CBOMCTBA BELECTB B HAHOCOCTOSIHUM, CMOCOObLI MONy4EHNS U METOAbI
NccnenoBaHns HAHOCTPYKTYP U HAHOMaTepPUanoB, NOTEHUNANbHbIE BO3MOXHOCTM U PUCKM
NCMONMb30BaHNS HAHOCTPYKTYPUPOBAHHbIX 0O HEKTOB

2. IONXEeH yMeTb:

YMeTb caMOCTOATENBHO KnaccugmumpoBaTtb HAHOCTPYKTYpPbl 1 HAHOMaTtepuanbl, onpenenaTb
obnactu NnpuMEeHeHnsa HaHoMartepunanos, OPUEHTNPOBATLCA B COBpeMeHHOVI nmnteparype no
CpVI3I/I'-IeCKOI7I XUMUN HAHOKJTaCTepoB, HAHOCTPYKTYP N HaHOMaTtepunasnios

3. 0ONXeH BnageThb:

3HaTb CTPYKTYpYy ¥ CBOMCTBA BELECTB B HAHOCOCTOSIHUM, CMOCOObLI MONy4eHNS 1 METOAbI
nccnepoBaHUs HAHOCTPYKTYP U HAHOMaTepUanoB, NOTEHUNANbHbIE BO3MOXHOCTW U PUCKM
NCMONb30BaHNSI HAHOCTPYKTYPUPOBAHHbIX 06 HEKTOB
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4. NONXeH OEeMOHCTPUPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:

YMeTb CaMOCTOATENBHO KNaccudmumpoBaTb HAHOCTPYKTYPbl 1 HAHOMAaTepWasbl, ONPenensTb
obnactn NpUMeHeHNs HaHOMaTepuanoB, OPUEHTMPOBATLCS B COBPEMEHHOW NnTepaType no
PU3NYECKON XMMUN HAHOKNIACTEPOB, HAHOCTPYKTYP 1 HAHOMAaTepPManos

4. CTpyKkTypa 1 cogepxaHvue OUCLUNMUHBI MOAyns
Obwas Tpya0eMKOCTb AUCLMIMIIMHBI COCTaBNSET 2 3a4eTHbIX(ble) eanHuL(bl) 72 yaca(os).
dopMa NPOMEXYTOYHOr0 KOHTPONS ANCUUNANHBI 3a4€eT B 7 CEMECTpeE.

CyMMapHO No gucumnnmHe MoxHo nonyy4nte 100 6annoB, 13 HKX Tekylwas paboTta oueHnBaeTcs B 50
6annos, ntorosas goopma KoHTpons - B 50 6annos. MuHuManbHoe KOnn4ecTBo AN fonycka K 3a4eTy

28 6annos.

86 6annos 1 bonee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBOpUTENBHO" (YAO0B.);

54 6anna n MeHee - "HeyIOBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AUCLMNIMHE/ MOAYNIO
Tematuyeckuin nnaH AUCUUNNUHBI/MOAYNSA

Paspen

JucumnnuHbl/ Henens

MecCT,
Cemec pcemecrpa

Buabl n yachbl
ayoMTOpHOM paboThbl,
MX TPYAOEMKOCTb
(B yacax)

Tekywiume coopmbl
KOHTpoOns

Monyns
Nekuun

MpakTnyeckne
3aHATUSA

Na6opatopHble
paborbl

Tema 1.
HaHocTpykTypbl,
HaHoMaTepuanbl 1

" [HAHOTEXHONOrnn.
OCHOBHbIE NOHATUA U
TEPMUHBI

Tema 2.
Knaccndpmkaums
HaHOOOBbEKTOB U
HaHOCTPYKTyp. MeToabl
CUHTE3a, CTPYKTYpa,
CBOWCTBA,
TeopeTnyeckmne Moaenu.

Tema 3. TybynsipHble
HaHOCTPYKTYpbl.
YrnepogHbie
HaHOTPYyOKW.
HaHonpoBONOKM 1
HaHOBOMIOKHa.

2,3

Tema 4. [1ByMepHble
HaAHOCTPYKTYpbI.
dusnyeckne n
XMIMU4YeCcKue Metobl

ocaxoeHwus nieHok
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Bugbl n yachbl
ayauTopHOM paboThbl,
MX TPYAO0EMKOCTb
(B wacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie

paborbl

Tema 5. Ontnyeckne n

. [3NEeKTPOHHbIE cBOWCTBa

HaHOCUCTEM

2

0

Konnoksuym

Tema 6. MarHuTHbIe
CBOWCTBA HAHOCUCTEM

Tema 7. MexaHn4deckue
CBOMNCTBA HAHOCUCTEM

Tema 8. dusnyeckune un
XUMUYeckme MetToabl
CUHTE3a
HaHomartepuanos

7,8

Tema 9. lNpouecchbl
camoopraHmsauuu u
camocbHopku B
HaHocucTeMax.
LBuxyuwme cunbl
camoopraHmsaumum

9,10

10.

Tema 10. CuHTES3
HaHoyacTul B
HaHopeakTopax

11

Konnoksuym

11.

Tema 11. MeTonpbl
nurtorpadun,
0COBEHHOCTU 1
CpaBHUTENbHbIE
XapakTepuCTUKM

12

12.

Tema 12. MeTonbl
nccnenoBaHus
HaHomartepuanos

13

13.

Tema 13. Obnactu
NPUMEHEHNS
HaHomarTepwuanos.
HaHomexaHn3mbl 1
HaHOYyCTpoWcTBa

14,15

14

Tema 14.
HaHoanekTpoHuKa.
CoBpeMeHHble

‘[TPaH3MCTOPbLI.

MonekynsipHas
9NeKTPOoHMKa

16,17

15.

Tema 15.
HaHomaTepunanbl ons
61OHaHOTEXHONOrnN,
MEANLMHDI.
HaHodbapmakonorus u
HaHonekapcTBa.
BesonacHocTb u pucku
NCNoNb30BaHNSA
BELIECTB B
HaHOAMCNEPCHOM
COCTOSIHUW

18,19

KoHTponbHas
paboTta

PernctpaunoHHbii Homep 783817
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Buabl n yacobl
Pasnen ayauTopHon paboTbl,
Henens UX TPYAO0EMKOCTb TexyLume oMb
N .D.Vllt\:nL(l.)Vll'Ir,I.IV;I'HbI/ CemecTp cemecTpa (8 uacax) \I,( ompﬁl ;.p
ay nem""npaxmqecxuenaﬁoparopuue
3aHATUA pa6oTtbl

Tema . Ntoroesas Zauer

doopMa KOHTpon4

NToro 20 20 0

4.2 CopepxaHvue oUCLUMNUHDI
Tema 1. HaHOCTPYKTYpbl, HAHOMaTepu1anbl U HAHOTEXHONOrUK. OCHOBHbIE MOHATUS U TEPMUHbI

nekumoHHoe 3aHsitne (1 yaca(os)):

HaHOCprKTypr, HaHOMaTtepuasbl 1 HAHOTEXHOJTIOTUI. |/|CTOpI/I$I n npeano-cblyikh BO3BHNKHOBEHUA,
aTanbl Pa3BUTUA HaHOTEXHONOrnin. OCHOBHbIE MOHATUSA U TePMUHbl HAHOHAYKN N HAHOTEXHONOINN.

npakTudeckoe 3aHsitne (1 yaca(os)):
[MpakTnyeckmne 3aHATUS NO HAHOCTPYKTYPaM, HaHOMartepuanam 1 HaHOTEXHONOT UK.

Tema 2. Knaccudomkaumsa HAHOO6HEKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYPA,
CBOMCTBa, TeOpeTn4yecKkme Mmooenu.

JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Knaccndgomkaums HaHo0ObEKTOB: HAHOKNACTePbl, HAHOYACTULLbI, HAHOCTPYKTYpPbl. MeToabl CMHTE3a,
CTPYKTypa, CBOCTBA N TeopeTMyeckne Mmooenn knactepos. Knaccudpmkaums HaHOCTPYKTYp: Hyfb-,
0[HO-, ABY- N TPEXMEPHbIE HAHOCTPYKTYpPbI. Knaccudprkaums MeTonos CUHTE3a HAHOOHBEKTOB U
HaHOCTPYKTYp.

npaktnyeckoe 3aHsitne (1 4aca(os)):
MpakTuyeckmne 3aHATUS NO HAHOCTPYKTypam, HaHOMaTepmanam u HAHOTEXHONOMUN.

Tema 3. TybynsipHble HAHOCTPYKTYpPbI. YrnepoaHble HaHOTPYO6ku. HaHoNpoBONOKMU 1
HaHOBOJIOKHa.

NeKLuMoHHoe 3aHsiTue (1 Haca(os)):

TybynsipHble HAHOCTPYKTYpPbI. YrnepoaHble HaHOTPYOKUN: NCTOPUS OTKPbITUS, CTPYKTYpPa, MEXaHU3MbI
pocTta. MeTonbl CuHTE3a YrNepoaHbIX HAHOTPYOOK: TEPMUYECKOE pacnblneHne, na-3epHoe
pacnbineHne, KPEKUHT YrneBoAOPOA0B, ANEKTPOXMMMYECKUIA MeTOL. B3anMoCBS3b CTPYKTYpbI 1
PU3NYECKMX CBONCTB YrNepoaHbIX HAHOTPYOOK, MHTEPKAaNNPOBaHHbIE HAHOTPYD-KM.
HeopraHunyeckue TybynspHble CTPyKTypbl. HAHONPOBONOKM 1 HAHOBONOKHA.

npaktnyeckoe 3aHsitne (1 4aca(os)):
MpakTuyeckne 3aHATUS NO TyOyNsAPHbLIM HAHOCTPYKTYpPaM.

Tema 4. [1ByMepHble HAHOCTPYKTYpbl. PU3NYeCKue U XMMm4yecKme MetToabl ocaxaeHus
nneHoK

JNeKunoHHoe 3aHsitne (1 4aca(os)):

L1ByMepHble HAHOCTPYKTYpPbl. TOHKME MNEHKN: 0CaxXAeHMe 13 ra3oBol gasbl, MeXaHM3Mbl pocTa
nneHok. Puanyeckme MeTobl 0OCaXAEHUS NNEHOK: MONEKYNAPHO-NyYeBast 3NUTaKCUsl, UMMNynbCHOE
nasepHoe ocaxeHue, pacnbinntenbHoe ocaxaeHne. MeToabl XMMUYECKOro 0CaxaeHns MAeHoK:
XUMNYECKOE OCaxXAeHre 13 ra3oBol gasbl, MOCNOMHOE OCaXAEeHME, XMMUYECKOE OCaXAEeHME 13
pacTBOPOB, NneHkK JleHrmMiopa-bnooxerr.

npakTudeckoe 3aHsitne (1 yaca(os)):

[MpakTnyeckmne 3aHATUSA MO OBYMEPHbLIM HAHOCTPYKTypaM.

Tema 5. OnTnyeckmne u aNeKTPOHHble CBONCTBA HAHOCUCTEM
JNleKuMoHHoe 3aHsiTne (2 4yaca(oB)):

KETPOHHBH
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CBoiicTBa BEWECTB B HAHOKPUCTANIMYECKOM COCTOSHMN. ONTUYECKNE N 3NEKTPOHHbIE CBONCTBA
HaHocUcTeM. HaHo4acTuUbl METANNOB, NNa3MOHbINA pe3oHaHc. [onynpoBOOHNKOBbIE HAHOYACTULbI,
KBaHTOBOPa3MepHbIn adppekT. 30HHAsA CTPykTypa. [1oBEepXHOCTb HAHOKPUCTANNOB, AedEKTbI
KoopavHaumn n bapbepHoe orpaHnyeHme. PoToHHbIE KpUCTasibl: pa3MepHOCTb, OCHOBbI TEOPUN,
MeToObl OOPMUPOBAHUSA, NPUPOLHbIE U CUHTETUYECKME onanbl, MaTepunanbl HA OCHOBE POTOHHbIX
KpucTannos.

npaktnyeckoe 3aHsitne (2 4aca(os)):

MpakTnyeckmne 3aHATUS NO ONTUYECKUM U 9NEKTPOHHbLIM CBOACTBAM HAHOCUCTEM.
Tema 6. MarHuTHble CBOMNCTBA HAHOCUCTEM

neKkuunoHHoe 3aHsitne (1 yaca(os)):

MarHuTtHble cBoncTBa HaHocucTeM. CTpykTypa peppomarHeTvkos. CyneprnapamarHeTuam.
MarHutHas aHmsoTponus. AHM30TPONUs POPMbl. AHN30TPONUSA MEXAHUYECKOTO HaNpPsXeHNs.
ObmeHHas aHu3oTponus. MarHuTHble MOMeHTbI. MarHuTHble HaHoOMaTepuansi.

npaktnyeckoe 3aHsitne (1 4aca(os)):

[MpakTnyeckmne 3aHATUSA MO MArHUTHBIM CBOMCTBAM HAHOCUCTEM.
Tema 7. MexaHuyeckmne CBOMCTBa HAHOCUCTEM

JNeKunoHHoe 3aHsitne (1 4aca(os)):

MexaHu4yeckne cBonctea HaHocUcTeM. 3akoH Xonna-fNetya. JedekTbl B HAHOCTPYKTYPU-POBAHHbBIX
matepuanax. Ynpyrue csonctsa. MonennposaHve 3epeH 1 MeX3epeHHbIX rpaHuL. HaHoKoMno3nThbl,
apmupoBaHue. MexaHn4yeckne CBOMCTBA yrnepoaHbIX HAHOTPYOOK.

npaktnyeckoe 3aHsitne (1 4aca(os)):

[MpakTuyeckmne 3aHATUS NO MEXAHNYECKMM CBOMCTBAM HAHOCUCTEM.

Tema 8. dPusnueckme u XumMmyeckme MeToabl CUHTe3a HaHoMaTrepuanos
JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):

Knaccudomkauunsa MetonoB CMHTE3a HaHOMartepmanos, CUHTETUYEeCKMe Noaxoabl "CHU3y Beepx” 1
"cBepxy BHM3". du3nyeckme MeTolbl CUHTE3a: ra3odasHblil CUHTE3, MEXAHOCUHTES,
[ETOHALMOHHbIA CUHTE3 1 3/1IEKTPOB3PbIB. XMMUYECKNE METOAbl CMHTE3a: 30/b-reflb MeTod; rmapo-
N CONbBOTEPMASIbHbIA CUHTES; KOMTIOMOHbIE HAHOPEaKTOPbl. TuMbl KONMOMOHBIX HAHOPEaKTOPOB -
MULLENbI, MUKPO3MYIbCUN, MUHU3AMYNbCUK, BNOK-COMONMMEpPbI, MOHO- 1 MynbTucnon. KoHTponb
Mopcdponorun HaHOCTPYKTyp. Metoabl pasneneHns HaHo4acTuy, No pasmepy.

npakTnyeckoe 3aHsitne (2 4aca(os)):
MpakTuyeckmne 3aHATNS NO METOOAM CMHTE3a HaHOMaTepunanos.

Tema 9. Mpoueccbl camoopraHM3aumm U camoc6opku B HaHocuctemax. [BuXyLLme cunbl
camoopraHusauum

nekumnoHHoe 3aHsitTne (1 yaca(os)):

MpoLuecchl camoopraHnaaumm n camocbopkum B HaHocuctemax. Ceepxknactepsl. Jsuxywme cunsi
camoopraHusaunn. KoHcepBaTusHas (paBHoBecHas) camoopraHnsauns. duccunartmsHas
(HepaBHOBeCHas) caMoopraHn3auns: MexaHn3m BO3HUKHOBEHUS, a4eitkn beHapa, peakuus
Benoycosa-XaboTtuHckoro. MpuHumn Kiopw, Teopus OHcarepa, Teopema InaHcaopda-MpuroxmHa.

npaktudeckoe 3aHsitne (1 yaca(os)):

I"IpaKqueCKme 3aHATUA MO N3yHEHUIO NMpoLEeCcCOoB CaMoopraHn3aunm n CaMOC60pKI/I B
HaHOCNCTEMAX.

Tema 10. CuHTe3 HaHO4YacTUL, B HAHOpeaKTopax
JIeKLMOHHOe 3aHsiTne (2 4yaca(os)):

CUHTE3 HaHoYacTu1L, B YNopsiA0YeHHbIX MaTpuuax. HynbMepHble HaHOPeaKToPbl - LIEOMNTbI, NX
cBoiicTtBa. OHOMepHbIe HAHOPEaKTOPbl: ME30MOPUCTLIE MONEKY/ISIPHBIE CMTA HA OCHOBE AMOKCUaa
KPEeMHWS, NOPUCTbIA OKCUA antoMUHKSA, UX UCMOMNb30BaHWe O1S1 CUHTe3a HAHOKOMMO3UTOB U
HaHomaTtepuanos. [lByMepHble HAaHOPEAKTOPbI: COMCTbIE TMAPOKCUADI.

npaktnyeckoe 3aHsitne (2 4aca(os)):
[MpakTnyeckne 3aHATUSA MO CUHTE3Y HAHOYACTUL, B YNOPSO0YEHHbIX MaTpULax.
Tema 11. MeTtoabl nutorpacmmn, 0CO6eHHOCTU U CpaBHUTE/NbHbIE XapaKTepUCTUKU
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nekumnoHHoe 3aHsitne (1 yaca(os)):

HaHonutorpadomsi. Knaccudpmkaums metonos nutorpadoun. Ontudeckas nutorpacous:
NCMONb3yeMoe U3nyyYeHne, KOHTPOSb OCBELLEHHOCTM, Macku, Matepuanbl ONTUYECKUX CUCTEM.
OneKTPOHHO-Ny4eBas nuTorpadousi, MOHHoO-Ny4eBasi, 6eamMacoyHas, neyatHas nutorpadms,
0COBEHHOCTV U CPaBHUTENbHbBIE XapaKTEPUCTUKM.

npakTudeckoe 3aHsitne (1 yaca(os)):

MpakTnyeckne 3aHATUS NO HAHONUTOrPaUN.

Tema 12. MeTonbl UccnenoBaHUsl HaHOMaTepuanos
NeKuunoHHoe 3aHsitne (1 yaca(os)):

MeTonbl nccnenosaHus HaHomatepuanos. CkaHupyowas 30HA0Bas MUKPOCKOMNUS: CKaHMpyoLwas
TYHHENbHAas N aTOMHO-CUIOBAs MUKPOCKONUS. ABTOMOHHAsA MUKpockonus. MeToabl 1 BOSMOXHOCTM
9NEKTPOHHON MUKpockonun. CNekTpoCKoNmMyeckme MeToapl: paamocnekTpoCcKonus, MMKPOBOIHOBAS
CNEKTPOCKOMNUS, S0EPHbIA MAarHUTHBIA U 3NEKTPOHHbINA NapaMarHnTHbI pe3oHaHc, K n KP
CMEKTPOCKOMNMS, PEHTreHoBCKas 1 (0OTONEKTPOHHAsA cnekTpockonus, Meccbayaposckas
cnekTpockonusa. JudpakumoHHble MeToabl: AMMpakumnsa aneKTPOHOB, PEHTIEeHorpadoms

npaktnyeckoe 3aHsitne (1 yaca(os)):

MNMpakTnyeckne 3aHATUS NO METOAAM UCCNEAO0BaHMS HaHOMaTepnanos.

Tema 13. O6nacTv npuMeHeHUs HaHOMaTepuanos. HaHoMexaHu3Mbl U1 HAHOYCTPOMCTBA
JNeKuMoHHoe 3aHsiTne (2 4aca(oB)):

MpumeHeHne pyHKLMOHaNbHbIX HaHOMaTepuanos. ObnacT NPUMEHEHUsI HAaHOMaTepuanos:
NHXEHepWs, aNeKTPOoHUKa, ONTKKa, Katanua, MmaTepuanoseneHne, Tpmbonoruns, hapMakonorus,
MeaununHa, MONEKyNSpHbIA an3anH. HaHoMexaHnambl 1 HaHoyCcTporcTBa. Mukpo- u
HaHO3nekTpoMexaHnyeckune cnctemol. Mukpo- n HaHoTpmbonorus. HaHoMmexaHuka. YcTpolicTea ons
npeobpa3oBaHNst SHEPrUN: ANEKTPOCTATUIECKNE, MAarHUTHbIE, Mbe303NIEKTPUYECcKne, TEMNOBbIE,
rmapaenmMyeckme, CEHCOPHbIE aKkTaTopbl, KOHCTPYKLMS 1 0cobeHHoCTU. MonekynsipHble
aKTaTopPbl: MONEKYNSIPHBIE MOTOPbI - NPUPOAHbLIE BUONOrMYeCcKne HaHOMAaLLVHbI, POTakcaHbl 1
KaTeHaHbl, HAHONUMT, YCTPONCTBA HA OCHOBE aNlkeHOB.

npakTundeckoe 3aHsitne (1 yaca(os)):

MpakTuyeckne 3aHATUS NO PYHKLUMOHANBbHLIM HAHOMAaTepranam.

Tema 14. HaHo3nekTpoHuka. CoBpeMeHHble TpaH3ucTopbl. MonekynsipHasi aneKTpoHUKa
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

HaHoanekTpoHrka. CoBpeMeHHble TPaH3MCTOPbI: KAHTOBbIE adPdEKThI, LedpeKTbl 1 oWwnbKN,
TPaH3MCTOPbl HA OCHOBE YrNepoHbIX HAHOTPYOOK. KBAHTOBbIE KOMMbLIOTEPDI: MPUHLMMbI U
anropuTMbl, Matepuanbl 4ns n3rotosneHus. MonekynspHas anekTpoHvka, NprumMepbl YCTPONCTB.
MarH1THble HOCMTENN NHopMaLLUK.

npaKkTudeckoe 3aHsitne (2 yaca(os)):
[MpakTnyeckne 3aHATUSA NO HAHOSNEKTPOHUKE.

Tema 15. HaHomaTepuanbl ans 6I/IOHaHOTEXHOnOFI/IVI, MeaULNHDbI. HaHOC*)apMaKOHOFVIFI n
HaHoJNleKapcTBa. Be3onacHoCTb U PUCKM UCnoJib30BaHUA BewecTts B HAHOOUCNEPCHOM
COCTOAHMMN

JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

Matepuanbl onsi 6uoHaHoTexHonoruv. KOHCTPYKLMOHHbIE HaHOMaTepuanbl AN MeaLUHDI.
HaHodpapmakonorus n HaHonekapctea. CuHTes, BokoHbloraums 1 6ocoBMECTUMOCTb
HaHo4acTuu. MarHuTHble HaHoMaTepuansl B MeamuuHe. HaHokancynbl. HaHonekapcTea.
[varHoctuyeckne HaHOCUCTEMbl. HAHOMHCTPYMEHTbI ANt MUKPOBVONOrnM U MeauLIMHBI.
BesonacHOCTb 1 pUCKM NCMONb30BaHNSA BELECTB B HAHOAMCMEPCHOM COCTOSHUN.

npaktnyeckoe 3aHsitne (2 4aca(os)):
MpakTnyeckne 3aHATUS NO Matepuanam ons GIOHAHOTEXHONOMUN.

4.3 CTpyKTypa 1 copgepXxaHume caMOCTOSITeNIbHOM paboTbl AUCLUMMINHBI (MOLYNSA)
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Buaobi
N Paspen Cemect Hepens | camocTosiTensHon [TpyAo0eMKOCTb g;?ﬂg:;:?:;gﬂg;
AducumnnuHbl pcemecrpa paborthbl (B yacax) 260TbI
CTYyAOEeHTOB P
Tema 5. Ontuyeckune n
o noaroToska K
5. |[anekTpoHHbIE CBOMCTBA 7 4 KgﬁnchB)M 3 10 KONNOKBUYM
HaHOCUCTEM yMmy
Tema 10. CuHTtes
noAroToBKa K
10.|HaHo4YacTUL B 7 11 KgﬁﬂgKgl/l 3 10 KONNOKBUYM
HaHopeakTopax yMy
Tema 15.
HaHomaTepwuanbl ons
61oHaHOTEeXHONOrnun,
MeONLWNHBbI.
HaHodpapmakonorus un noaroToska K
15.|HaHONekapcTBa. 7 18,19 [KOHTpONbHON 10 Kc;ggp;ganaﬂ
BesonacHocTb 1 pucku pabote P
NCronb30BaHnA
BELeCTB B
HaHoOUCNepcHOM
COCTOSIHUN
Wtoro 30

5. O6bpazoBarenbHble TEXHONOIUU, BK/IOYAA MHTEPaKTUBHbIE hOpPMbl 06yUYeHUs

[Mpy M3yyeHun oncumnnavHbl "®yHKLMOHANbHbIE HAHOMATEPWanbl U TEXHOIOTUU X NONyYeHns"
npegycMaTpmsaeTcs pa3bop KOHKPETHbIX CUTYaLMiA, OCHOBAHHbIX HA NPaKTUYeCKMX Npumepax;
NCNONb30BaHNE KOMMbIOTEPHbIX Npe3eHTauUnin neKLUMoHHOro martepuana.

6. OLueHOYHble CpeacTBa OJisl TEKYLLLEro KOHTPONS yCrneBaeMoCT!, NPOMEeXYTOUHOM
aTTecTauum rno UToram OCBOeHUs1 GUCLUNIMHBbI U yyebHO-MeToanueckoe obecneueHne
CaMOCTOSITeNIbHOW paboTbl CTYAEHTOB

Tema 1. HaHOCTPYKTYpbl, HAHOMaTEpUarnbl U HAHOTEXHONOMMU. OCHOBHbIE MOHATUSA U TePMUHbI

Tema 2. Knaccudomkaumsa HAHOO6HEKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYpA,
CBOMCTBa, TeopeTnyecKkme Mogenu.

Tema 3. TybynsipHble HAHOCTPYKTYpPbI. YrnepoaHble HaHOTPYO6ku. HaHONpPoBONOKMU 1
HaHOBOJIOKHa.

Tema 4. ,D,ByMeprle HaHOCTPYKTYpPbI. dunsnyeckme n XMmMmyeckme MeToabl oCaXxaeHUs NNeHoK

Tema 5. OnTuyeckune 1 aNeKTPoHHble CBONCTBA HAaHOCUCTEM
KONMOKBUYM , MPUMEPHbIE BONPOCHI:

Konnoksuym no temam: 1. [1ByMepHble HAHOCTPYKTYpPbl. TOHKME NNEHKN: OCaXAeHMe U3 ra3oBoi
hasbl, MEXaHN3Mbl pocTa nneHok. 2. MNneHku JleHrmopa-bnooxerr.

Tema 6. MarHuTHble cBOMCTBa HAHOCUCTEM
Tema 7. MexaHnyeckue cBoMcTtea HAaHOCUCTEM
Tema 8. Pusnyeckue U XxMmmyeckme MeToabl CUHTE3a HaHOMaTepuanos

Tema 9. Mpoueccbl camoopraHnM3aumm u camoc6opku B HaHocuctemax. [BuXyLLme cunbl
camoopraHusauuu

Tema 10. CuHTe3 HaHOYacTUL, B HAHOpeaKTopax
KOJINOKBUYM , NPVMEPHbIE BOMPOCHI:

Konnoksuym no temam: 1. Tunbl KONMONAHBIX HAHOPEAKTOPOB - MULLENIbI, MUKPO3MYNbCUN,
MUHWAMYNbCWK, 2. TUMbl KONNOUAHBIX HAHOPEAKTOPOB - 610K-CONONMMEPbLI, MOHO- U MyNbTUCIION.

PerunctpaumnoHHbii Homep 783817 5 AE
CtpaHnua 9 ns 13. 111 YHI:I

PHEORM,

it
BEPCHTET

o

KTPOHHEBH

AHATTAMECKAR CrCTEMA KPY



Mporpamma ancumnanHbl "MyHKUMOHANbHbIE HAHOMaTepUanbl 1 TexHonorna nx nonydeHus”; 020201.65 dyHpameHTanbHas U npuknagHas
Xumust; npocpeccop, A.H. (npodeccop) BepewarnHa 5.A.

Tema 11. MeTtoabl nuTtorpacmmn, 0co6eHHOCTU U CpaBHUTE/bHbIE XapaKTepPUCTUKMH

Tema 12. MeToabl uCCnenoBaHNsS HAaHOMaTepuarnos

Tema 13. O6nacTv npuMeHeHUs HaHOMaTepuanos. HaHoMexaHu3Mbl U1 HAHOYCTPOMUCTBA
Tema 14. HaHo3anekTpoHuka. CoBpeMeHHble TpaH3ucTopbl. MonekynspHas aneKTpoHuKa

Tema 15. HaHomaTtepuanbl ans 6MoHaHOTEXHONOrMKU, MeauLUMHbLL. HaHodbapmakonorus n
HaHonekapcTBa. be3onacHOCTb U PUCKM UCMONb30BaHUS BELLLECTB B HAHOAUCNEPCHOM
COCTOSIHUN

KOHTponbHas paboTta , NpUMepPHbIE BONPOCHI:

KoHTponbHas pabota no temam: 1. Metoapl nccnenosaHns HaHomatepmanos. CkaHupytowas
30H40Bas MUKPOCKOMUSA: CKaHUpYyoWwas TYHHENbHAS U aTOMHO-CMNoBas Mukpockonus. 2. Metoapl
nccnenosaHus HaHomatepuanos. CnekTpockonmyeckme MeToabl: PaANoCNEeKTPOCKOMNUS,
MWKPOBOJIHOBAsA CMEKTPOCKOMNUSA, A0EPHbIA MAarHUTHbIA U 3NEKTPOHHbIA NapaMarHUTHbIA pe3oHaHc. 3.
MeTtonbl uccnegosaHns HaHomatepuanos. K n KP cnektpockonus, peHTreHoBckas u
poTO3aNEKTPOHHAs cnekTpockonus, Meccbayasposckas cnektpockonus. 4. MeTonbl uccnenosaHms
HaHomaTtepuanos. JndpakunoHHbIE METObI: ANGOPAKLMNS 3NEKTPOHOB, pPeHTreHorpadus. 5.
bBesonacHOCTb 1 pUCKkK UCNOMb30BaHNS BELWECTB B HAHOANCNEPCHOM COCTOSIHUN.

Tema . UToroesasi popma KOHTpons

[MprMepHble BOMPOCHI K 3a4eTy:

CamoctositTenbHas pabota ctyneHToB (CPC) BkitoyaeT cnepytowme Buabl:

- N3y4eHne TeOPETMHECKOro NEKLMOHHOro MaTepuana;

- npopaboTka TeopeTNYEeCcKoro Mmatepuana (KOHCNeKTbl NEKLUMA, OCHOBHASA 1 LOMNONHUTENbHAS
nnteparypa).

Bonpochbl k 3a4erTy:

. HanocTpykTypbl, HAHOMaTepuanbl 1 HAHOTEXHONOrNU. OCHOBHbIE MOHATUSA Y TEPMUHbI.
. Knaccudomkaums n Tunbl HAHOCTPYKTYP.

. TybynsipHble HAHOCTPYKTYpbl. MeToabl Nony4yeHns, CBOMCTBA.

. YrneponHble HaHOTpYbkn. MeToabl cMHTEe3a. B3anMocBsA3b CTPYKTYpbl M CBOWCTB.
. JlByMepHble HaHOCTPYKTYpbl. dDU3nyeckne n Xummnyeckme MeToabl ocaxaeHus.

. OnTnyeckne 1 anekKTPoHHbIE CBONCTBA HaHOYaCTWL. HaHoYacTuubl MeTansos.

. MarHuTHble cBorcTea HaHo4vacTuy,. MarHnTHble HaHoMarepuvarnsi.

. MexaHnyeckune ceorcTBa HaHOCUCTEM. HaHOKOMNO3UTbI.

9. MeTtonbl CUHTE3a HAHOCTPYKTYP Y HAHOMAaTepWanos.

10. Pn3nyeckne MeTolbl CUHTE3a HAHOCTPYKTYP.

11. XuMunyeckne Metobl CUHTE3a HAHOCTPYKTYP.

12. Mpoueccbl camoopraHnsaunm 1 camocbopkmn B HAHOCHMCTEMAX.

13. OBuxywme cunbl camoopraHmsaumm. KoHcepsatvBHas U guccumnaTBHas camoopraHusaums.
14. CUHTE3 HaHOYacTu1L B HAHOpeakTopax.

15. MeTonbl HaHONMTOrpadum, 0OCOBEHHOCTN N CPABHUTENbHBIE XapPakTEPUCTUKMN.
16. MeTonbl nccnenosaHnsa HaHoMmaTepuasnos. JudpakumMoHHbIe MeTOObI.

17. MeTtonbl nccnegosaHns HaHoMmaTepuanos. MeToabl MUKPOCKOMUK.

18. MeTonbl nccnenosaHna HaHoMaTepuanos. MeToabl CNEKTPOCKOMUN.

19. ObnacTv npuMeHeHMs HaHoMaTepmanos. MNpuMepbl CNONb30BaHMS.

20. HaHOMexaHM3Mbl 1 HAHOYCTPOMCTBA.

21. MyKpo- 1 HaHO3NEKTPOMEXaHNYECKNE cuCTEMbl. MUKPO- 1 HAHOTPUBONOrUs.
22. HaHoycTporicTea anst npeobpa3oBaHms aHeprun. Tunbl akTIOaTOPOB.

23. HaHoanekTpoHuka. CoBpeMeHHbIe TPaH3UCTOPbI.

24. MonekynapHas anekTpoHuKa, npumepbl yCTPOWCTB.

25. Matepuanbl gnst GIOHaHOTEXHONOMUN.
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26. HaHomaTepuanbl 1 HQHOUHCTPYMEHTbI AN MEANLUHBbI.
27. be3onacHoOCTb 1 pUCKM UCMNONb30BaHWS BEWECTB B HAHOANCNEPCHOM COCTOSHUMN.
28. MepcnekTunBbl 1 NPO6IEMbl Pa3BUTUS HAHOTEXHONOTUIA.

7.1. OcHOBHas nuTeparypa:

1. lMonoswH K0.U. OCHOBbI HAHOTEXHONOMMIA. [DNEKTPOHHbIN pecypc]. - M.: MawunHocTpoeHme, 2012. -
656 c.

Pexwum poctyna:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=5793

2. N'yces A.N. HaHomaTepuanbl, HAHOCTPYKTYPbl, HAHOTEXHONOMMW. [DNEKTPOHHbIV pecypc]. - 2-
naga., ncnp. - M.: dusmatnur, 2009. - 416 c.

Pexwum goctyna:http://e.lanbook.com/books/element.php?pli_cid=25&pl1_id=2173

3. Pambuamn H.I"., BepésknH A.B. dursnyeckne n xmMmnyeckne 0CHOBbI HAHOTEXHOMOTUIA.
[OnekTpoHHbIN pecypc]. - M.: duamatnut, 2009. - 456 c.

Pexwum goctyna:http://e.lanbook.com/books/element.php?pli_cid=25&pl1_id=2291

7.2. JlononHuTenbHasa nuteparypa:

1. Cyspnanes W.I1. Pn3nKo-xmmMnsi HAHOKNACTEPOB, HAHOCTPYKTYP U HaHoMatepuanos. M.: KHUXHbIV
nom 'TIMBPOKOM', 2013.

2. Ceprees I.b. HaHoxumns. M.: KHuxHbid [lom YHusepcutet, 2009.

3. CroitkoB W.W., EBTiormH IN.A. OCHOBbI HAHOTEXHONOMMN 1 HAHOXMMKK: y4ebHoe nocobue. KasaHb:
M3patenbcteo KasaHckoro ([Mpueonxckoro) dpegepanbHoro yHusepcureta. - 2010. - 237 c.

4. NMyn, Y. HaHoTexHonorun: yuebHoe nocobue ons CTyaeHTOB: nepeson ¢ aHrnumiickoro / Y. Myn, ®.
OyaHc; Mep. noa pea. HO. U. NonosnHa. N3paHue 3-e, ncnpasneHHoe 1 nononHeHHoe. Mocksa:
TexHocepa, 2007. - 376 c.

5. Myn Y. HaHoTexHonorun: yuebHoe nocobve ons CTyAeHTOB: NepeBo ¢ aHrnuminckoro / Y. Myn, ®.
OyaHc; Mep. noa pea. HO. U. MonoswuHa; Oon. B. B. JlyunHuna. I3paHve 2-e, [ONONHEHHOE. -
Mocksa: TexHocepa, 2006. - 336 c.

6. EpemnH, B.B. OcHoBbI comaunyeckor xummnn. Teopus: B 2 4acTax [ONeKTPOHHbIN pecypc] : y4ebHoe
nocobve / B.B. EpemuH, C.W. Kapros, N.A. YcneHckas. ? 9nekTpoH. aaH. ? M. : 'JlabopaTopus
3HaHuit' (panee 'BUHOM. JlabopaTopus 3HaHuir'), 2013. - 590 c.

Pexwum poctyna: http://e.lanbook.com/books/element.php?pl1_id=66369

7.3. UHTepHeT-pecypcChbl:

ACS Nano - http://pubs.acs.org/journal/ancac3

http://thesaurus.rusnano.com - http://thesaurus.rusnano.com

http://www.rusnano.com - http://www.rusnano.com

Nature Nanotechnology Journal - http://www.nature.com/nnano/index.html

United Nations Environment Program [OnekTpoHHbI pecypc] - http://www.unep.org, CBOGOAHbINA.

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUNAUHbBI(MOAYNS)

OcBoeHMe ONCUMNANHDI "CDyHKLl,I/IOHaJ'IbeIe HaHOMartepwnasnbl N TEXHONOINA nX I'IOJ'IyLIeHI/IFI"
npeanonaraeT UCnosib3oBaHWe criefyruwero MmatepmnanbHO-TEXHNYECKOro obecneyeHuns:
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YyebHo-MeToan4eckas nutepartypa ans 4aHHOW ONCLUMMINHBI UIMEETCS B HAIMYUN B
3NEKTPOHHO-6MbNMoTEYHOI cucTeMe MapatenbcTea "flaHb" , 4OCTYN K KOTOPOW NpenocTaB/eH
ctyneHTam. 9bC MNapatenbctea "/laHb" BKOYaET B cebs aNEeKTPOHHbIE BEPCUMUN KHUT U3AaTENbCTBA
"IlaHb" 1 Opyrnx Beaywmux n3natenbcTB y4ebHo nuTepaTtypbl, @ TakXXe 9NeKTPOHHbIE BepCUm
nepuoanyecknx N3aaHuim no eCTeCTBEHHbIM, TEXHUYECKUM U r'yMaHUTapHbiM Haykam. ObC
N3patenbcTBa "/laHb" obecneynBaeT LOCTYN K HAy4HO, y4ebHON nnTepaType 1 Hay4HbIM
nepuoanyecknm n3naHmam no MakCManbHOMY KONMMYECTBY NPOOUIbHbLIX HanpasneHui ¢
cobntoeHneM BCeX aBTOPCKUX M CMEXHbIX Npas.

nepCOHaﬂbeIVI KOMMbIOTEP N NMPOEKTOP AJ1IA AEMOHCTpaunn MNNoCTpaTtMBHOro Matepurasna rno BCem
pasnenam gncunniinHbl.

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BINO 1 y4ebHbIM nnaHoM no
cneuwnanbHocTtn: 020201.65 "PyHoameHTanbHaa v npuknagHas xmmms" 1 cneuyvannsaumm
dursnyeckas xmmms .
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