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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

LlensiMmn ocBoeHMs oncumMninHbl "PyHKLUMOHANbHbIE HAHOMATepPWanbl U TEXHONOMUK UX MNONyYeHUs!'
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 oncumnnnHa BkodeHa B pasgen " 53.B.4 MNpodeccrnoHanbHblil" OCHOBHOW
obpasosaTtenbHoi nporpammbl 020100.62 XrMus n 0THOCKMTCS K AUCLMNMHAM N0 BbIOOPY.
OcBauBaetcs Ha 4 kypce, 7 CEMeCTp.

ducunnnmHa "®yHKUMoHanbHble HaHOMaTtepuasbl U TEXHONOMMU UX MONy4eHnsa" OTHOCUTCS K
amcumnanHam no Bblbopy ydebHoro umkna b.3 "MpodeccroHanbHble ANCUMnAnHbL" 4ns Npogouns
"dunsnyeckasd xmmms". HaHOTEXHONOI NN, KNOYEBBLIM 3/IEMEHTOM KOTOPBIX ABSIKOTCA HAHOMAaTepuasbl,
cTanu B nocneaHee BPeMsi Hay4HbIM 1 rOCyAapPCTBEHHbLIM MPUOPMTETOM Halleil cTpaHbl. Pa3paboTka,
co3faHve 1 NpakTU4eckoe NpUMeHeHne PyHKUMOHaNbHbIX HaHOMaTepuanos Tpebyet
MEXONCUMMNIMHAPHOro nogxona. MexancumnnnmHapHbli xapakTep QUCLUUNIVHBLI Npegnonaraet, YTo
N1 ee yCnewHoro 0CBOEHNS CTYOEHT AONXKEeH 3HaTbh (PpyHOaMeHTanbHble OCHOBbI MaTeMaTuku,
u3nku, bronorun, Xummnn (HeopraHn4yeckas, opraHnyeckas, gouanyeckas, aHanmTnyeckas),
PU3NYECKON XMMUM HaHOMaTepmnasnos.

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 AMcumnanHe MoxHo nony4ntb 100 6annos, U3 HMx Tekylwas paboTta oueHmsaeTcs B 50
6anno., nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANst AOoMnycka K 3a4eTy
28 b6annos.

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

Buabl n yachbl
ayoMTOpHOM paboThbl,
Hepens MX TPYA0EMKOCTb Tekywiume coopmbl

cemecTpal (B yacax) KOHTpOnsi
MpakTnyecknellabopatopHbie

3aHaTUA paboTbl

Paspen
N OducunnnuHbl/ CemecTp
Monyns

Nekuunn

Tema 1.

HaHocTpykTypbl,
HaHoMaTepuanbl 1

1. HaHOTEXHONOMMN. 7 1 2 0 0

OCHOBHbIE MOHATUSA U

TEPMUHBI

Tema 2.
Knaccndpmkaums
HaHOOOBbEKTOB U
o [HAHOCTPYKTYP. MeTtoabl - 5 5 0 0
CUHTE3a, CTPYKTYpa,
CBOWCTBA,
TeopeTnyeckmne Moaenu.

Tema 3. TybynsipHble

HaHOCTPYKTYpbl.
YrnepogHbie

3. HaHOTPYyOKW. / 2,3 4 0 0

HaHonpoBONOKM 1

HaHOBOMIOKHa.

Tema 4. [1ByMepHble
HaAHOCTPYKTYpbI.

4. |Pusnyeckne n 7 3 2 0 0
XMIMU4YeCcKue Metobl
ocaxaeHuns NneHok
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Mporpamma ancumninHbl "MyHKUMOHANbHbIE HAHOMaTepUanbl 1 TexHonornu ux nonydexHms”; 020100.62 Xumust; npodpeccop, A.H.
(npodpeccop) BepewarnHa A.A.

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

0

0

KONMNOKBUYM

Tema 6. MarHuTHbIe
CBOWCTBA HAHOCUCTEM

Tema 7. MexaHn4deckue
CBOMNCTBA HAHOCUCTEM

Tema 8. dusnyeckune un
XUMUYeckme MetToabl
CUHTE3a
HaHomartepuanos

7,8

Tema 9. MNpouecchl
camoopraHmsauuu u
camocbHopku B
HaHocucTeMax.
LBuxyuwme cunbl
camoopraHusauunm

9,10

10.

Tema 10. CuHTES3
HaHoyacTul B
HaHopeakTopax

11

KONMOKBUYM

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.
HaHodpapmakonorms un
HaHonekapcTBa.
BesonacHocTb 1 pucku
NCNoNb30BaHNSA
BELIECTB B
HaHOAMCNEPCHOM
COCTOSIHUW

18,19

KOHTPO/NbHas
paboTta
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Buabl 1 yacbl
Pasgen ayauTopHOM paboThbl,
Henens MX TPy A0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")v;lr;m;”b'/ Cemectp cemecTpal (B yacax) KOHTpOnsi
MpakTnyecknellaboparopHbie
Jlekumn 3aHATUSA pabotbi

Tema . Ntorosas 3ayet

7 0 0 0
doopma KOHTpoOns
Ntoro 42 0 0

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

neKuMnoHHoe 3aHsiTne (2 yaca(os)):

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

Tema 2. Knaccudomkaums HAHOO6bEKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYpA,
CBOMCTBa, TeoOpeTnyeckme Mooenu.

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

Knaccndgoumkaums HaHo0ObeKTOB: HAHOKNACTEPbl, HAHOYACTULLbI, HAHOCTPYKTYpPbl. MeToabl CMHTE3a,
CTPYKTypa, CBOCTBA N TeopeTmyeckne Mmogenun knactepos. Knaccudmkaums HaHOCTPYKTYp: Hyfb-,
0[OHO-, ABY- N TPEXMEPHbIE HAHOCTPYKTYpPbI. Knaccudprkaumns MeToaos CUHTE3a HAHOOHBEKTOB U
HaHOCTPYKTYP.

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

neKumnoHHoe 3aHsitTne (4 yaca(os)):

TybynsipHble HAHOCTPYKTYpPbI. YrnepoaHbie HaHOTPYOKU: NCTOPUS OTKPbITUS, CTPYKTYPa, MEXaHN3MbI
pocTta. MeTonbl cnHTE3a YyrnepoaHbIX HAHOTPYOOK: TEPMUYECKOE pacnblneHne, na-3epHoe
pacnbineHne, KPEKUHT yrneBoaopOa0B, ANEKTPOXMMMYECKUIA MeTOL. B3anMoCcBS3b CTPYKTYpbI 1
PU3NYECKMX CBOWCTB YrNepoaHbIX HAHOTPYOOK, MHTEPKANNPOBaHHbIE HAHOTPYO-KM.
HeopraHunyeckue TybynspHbie CTPyKTypbl. HAHONPOBONOKM 1 HAHOBONOKHA.

Tema 4. ﬂ,ByMeprle HaHOCTPYKTYpPbI. dusnyeckme n XmmMmyeckme MeToabl ocaxaeHus
nyIeHoK

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

JlBymMepHble HaHOCTPYKTYpbl. TOHKWNE MNEHKN: ocaxXdeHne U3 ra3oBor goasbl, MexaHM3Mbl pocta
nneHok. Prsnyeckme MeToabl 0OCaXAeHMS NAEHOK: MONEKYNSPHO-Ny4eBas anuTakcus, UMNynbCHOe
nasepHoe ocaxpeHue, pacnbiuTenbHoe ocaxaeHme. MeToabl XMMMYeCcKoro OCaxXaeHus nneHok:
XYIMUYeCcKoe ocaxAeHne N3 ra3oBoi gpasbl, MOCNONHOE OCaXAEHNE, XMMNYECKOe OCaxXaeHne 13
pacTBOpPOB, NAeHkn JleHrmopa-bnoaxerr.

Tema 5. OnTUyeckue 1 aNeKTPOHHble CBONCTBA HAHOCUCTEM
JNleKLLMOHHOe 3aHsiTue (2 4aca(os)):

CaoicTBa BEWECTB B HAHOKPUCTANIMYECKOM COCTOSAHMU. ONTUYECKNE N SNEKTPOHHbIE CBONCTBA
HaHocucTeM. HaHo4YacTULbl METANNOB, NNAa3MOHbIN pe3oHaHc. onynpoBOAHNKOBbLIE HAHOYACTULbI,
KBaHTOBOPa3MepHbIn adppekT. 30HHas CTpykTypa. [1oBEepXHOCTb HAHOKPUCTANNOB, AedEKTbI
KoopavHaumn n bapbepHoe orpaHnyeHme. PoToOHHbIE KpUCTanbl: pa3MepHOCTb, OCHOBbI TEOPUN,
MeToObl POPMUPOBAHUSA, NPUPOLHbIE U CUHTETUYECKME onanbl, MaTepunanbl Ha OCHOBE POTOHHbIX
KpucTannos.

Tema 6. MarHUTHbIEe cBOUCTBA HAHOCUCTEM
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

MarHuTHble cBoincTBa HaHocucTeM. CTpykTypa goeppomarHeTnkos. CyneprnapaMarHeTuam.
MarHuTHas aHusoTtponusi. AHU30TPONMS POPMbl. AHU3OTPOMKS MEXAHNYECKOrO HaMpPsIXKEHWS.
O6MeHHas aHu3oTponusi. MarHuTHble MOMeHTbl. MarHuTHble HaHoMaTepuanbi.

Tema 7. MexaHnyeckue cBomcTBa HaHOCUCTEM
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NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

MexaHunyeckre cBoicTBa HaHocucTeM. 3akoH Xonna-lMetya. [edekTbl B HAHOCTPYKTYPU-POBAHHbIX
matepuanax. Ynpyrve coictea. MonenmpoBaHue 3epeH U MeX3epeHHbIX rpaHuLl. HaHoKoMnosunThl,
apMupoBaHue. MexaHn4eckme CBOMCTBA yrnepoiHblX HAHOTPY6OK.

Tema 8. dDusnueckme n Xummyeckme MeToabl CUHTe3a HaHoMaTepuanos
JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

Knaccundpurkauns Metonos CMHTE3a HaHOMaTepuasnos, CUHTETUYeCKe NoAXoAbl "CHU3Y BBepX" U
"cBepxy BHM3". du3nyeckme MeToabl CUHTE3a: ra3oasHblil CUHTE3, MEXAHOCUHTES,
NEeTOHALMOHHbIN CUHTE3 N 9NEKTPOB3PbIB. XMMUYECKMe MeTOAbl CUHTE3a: 30/b-reNlb MeTol; rmapo-
N CONbBOTEPMASIbHBIA CUHTES; KONTOMOHbIE HAHOPEAKTOPbI. TWMbl KONIOWOHbLIX HAHOPEAKTOPOB -
MULENSTbI, MUKPO3MYTbCUN, MUHUAMYNIbCUK, BNOK-CONONMMEPDI, MOHO- 1 MynbTucion. KoHTponb
Mopcdpbonorun HaHOCTPYKTYp. MeToabl pasgeneHns HaHo4YacTuL, No pasmepy.

Tema 9. Mpoueccbl camoopraHmM3aumm u camoc6opku B HaHocuctemax. [BuXyLLme cunbl
camoopraHusauum

JNIeKLMOHHoe 3aHsiTue (4 4aca(os)):

MpoLecchl camoopraHnaaumm n camocbopkum B HaHocuctemax. CeepxknacTepsl. Jsuxylme cunbi
camoopraHusaunn. KoHcepBaTusHas (paBHoBecHas) camoopraHusauus. duccunatmeHas
(HepaBHOBeCHas) caMoopraHn3auns: MexaHM3m BO3HUKHOBEHUS, s4eikn beHapa, peakuus
Benoycosa-XaboTtuHckoro. MpuHumn Kiopw, Teopus OHcarepa, Teopema InaHcaopdga-lMpuroxmHa.

Tema 10. CuHTe3 HaHo4YacTUL, B HAaHOpeaKTopax
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

CuWHTEe3 HaHoYacTuL B YNopsiAoYeHHbIX MaTpuuax. HynbMepHble HAHOPEaKToPbI - LLEONTbI, X
ceoiicTBa. OJHOMEpPHbIE HAHOPEAKTOPbI: ME30MOPUCTLIE MONEKYNSIPHbIE CUTA HA OCHOBE AMOKCUAa
KPEMHUSI, MOPUCTLIA OKCUA antOMUHUS, X UCMONb30BaHWE ONs CUHTe3a HAaHOKOMMO3MTOB U
HaHoMaTepuanos. [1ByMepHble HAHOPEeaKTOPbI: CIOUCTbIE TMAPOKCUAbI.

Tema 11. MeTtonbl nutorpacdoumn, 0CO6eHHOCTN U CPaBHUTE/IbHbIE XapaKTepPUCTUKKN
JNleKLMOoHHoe 3aHsiTne (2 4yaca(oB)):

HaHonuTorpadgus. Knaccudgumkaums metogos nutorpadgoum. Ontudeckas nurorpagous:
ncnonb3yeMoe n3nyyeHne, KOHTPOb OCBELLEHHOCTU, MacKn, Martepuarbl ONTUYECKUX CUCTEM.
OneKkTPOoHHO-NyYeBas nuTorpadus, NOHHO-Ny4eBasi, 6eamMacoyHas, neyaTHas nuTorpacus,
0COBOEHHOCTM U CPaBHUTENbHbIE XapaKTEPUCTUKN.

Tema 12. MeToabl UCCNenoBaHUS HAHOMaTepuanos
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

MeTonbl uccnenoBaHns HaHoMatepuanos. CkaHupytolas 30HL0Basi MUKPOCKOMNUS: CKaHupyoLwas
TYHHENbHas 1 aTOMHO-CUI0BAas MMKPOCKOMNKWS. ABTOMOHHAs MUKpockonusi. MeTobl 1 BO3MOXHOCTM
3NEKTPOHHON MUKpockonun. CnekTpoCKOoNMYeckne MeETobl: PafMoCneKTPOCKONMS, MUKPOBONHOBAS
CNEKTPOCKONUS, SAEPHbIA MarHUTHBIA 1 3NEKTPOHHBIV NapaMarHnTHblli pesoHaHc, MK n KP
CNEKTPOCKOMUS, PEHTrEHOBCKas 1 hOTO3NEKTPOHHAs cnekTpockonus, Meccbayaposckas
cnekTpockonust. AndpakLuMoHHbIe MeTOLbl: ANGOPaKLUS 3NEKTPOHOB, PEHTIEHOrpachns

Tema 13. O6nacTn npuMeHeHUsi HaHoMatepuanos. HaHoMexaHM3Mbl U HAHOYCTPOMCTBA
JNeKLMoHHOoe 3aHsiTne (4 4yaca(os)):

MpumeHeHne pyHKLMOHaNbHbIX HaHoMaTepuanos. ObnacT NPUMEHEHUsI HaHOMaTepuanos:
NHXEHepKs, aNeKTPOoHUKA, ONTrKa, Katanua, MmaTepuanoseneHve, Tpmbonorus, hapMakonorus,
MeOuunHa, MONEKYNsapHbIA an3anH. HaHoMexaHu3Mbl 1 HaHoycTponcTea. Mukpo- u
HaHO3nekTpoMexaHnyeckune cnuctemol. Mukpo- n HaHoTpmbonorus. HaHoMexaHuka. YcTpolcTea ons
npeobpa3oBaHNst SHEPrUN: ANEKTPOCTATUYECKNE, MAarHUTHbIE, Mbe303/IeKTPUYEecKne, TeNnIoBbIe,
rmapaenmMyeckme, CEHCOPHbIE akTaTopbl, KOHCTPYKLMS 1 0cobeHHoCTU. MonekynsipHble
aKTaTOopPbl: MONEKYNSIPHBIE MOTOPbI - NPUPOAHLIE BUONOrMYeCcKne HaHOMaLLVHbI, POTaKCcaHbl 1
KaTeHaHbl, HAHONUT, YCTPONCTBA HA OCHOBE aNlKeHOB.

Tema 14. HaHo3anekTpoHuka. CoBpeMeHHble TpaH3ucTopbl. MonekynspHas aneKTpoHuKa
neKkumnoHHoe 3aHsitTne (4 yaca(os)):
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HaHoanekTpoHmka. CoBpeMeHHble TPaH3UCTOPbI: KAHTOBblE 3GEKTHI, AEXEKTbI U OWNOKN,
TPaH3UCTOPbl HA OCHOBE YrNepoaHbIX HAHOTPYOOK. KBaHTOBbIE KOMMbIOTEPbI: MPUHLMIMbI 1
anropuTMbl, MaTepuanbl 4ns 3rotoBneHns. MonekynspHas anekTpoHUKa, NprMepbl YCTPONCTB.
MarHuTHble HOCUTENN MHCPOPMAaLNN.

Tema 15. HaHomaTtepuanbl gns 6GMOHaHOTEXHONOrUKM, MeauuMHbl. HaHodbapmakonorus u
HaHonekapcrtBa. beaonacHOCTb U pUCKM UCNONb30BaHUS BeLLLeCTB B HAHOOUCNEPCHOM
COCTOSIHUMN

neKkumnoHHoe 3aHsitTne (4 yaca(os)):

MaTtepuanbl ons 6uoHaHoTexHonornm. KoHCTpYKUMOHHbIE HaHOMaTepuanbl 4isi MeanLUUHbI.
HaHodbapmakonorust n HaHonekapcTtea. CUHTE3, BMOKOHbIOraums n 6GMOCOBMECTUMOCTb
HaHo4acTuu. MarHuTHble HaHoMatepwmansl B MeguunHe. HaHokancynel. HaHonekapcTea.
LwnarHocTnyeckne HaHOCUCTEMbl. HAHOMHCTPYMEHTbI A1t MUKPOBMONOrn 1 MeaNUMHbI.
Bes3onacHoCTb 1 pUCKM NCNONb30BaHMS BEWECTB B HAHOANUCNEPCHOM COCTOSIHUN.

4.3 CTpyKTypa 1 copgepXxaHue caMOCTOSATE/IbHOM paboTbl AUCLUMNINHBI (MOLYNSA)

Buabl
N Paspen Cemect Hepens | camocTosiTensHon [TpyA0eMKOCTb ;%%%:LZ?:;EESE
AducumnnuHel pcemecrpa pabortbl (B yacax) a60Tbi
CTYyAOEeHTOB P
Tema 5. OnTnyeckune n
N NnoAroToBka K
5. [aneKkTpoHHbIE CBOMCTBA 7 4 KgﬁnchB)M 3 10 KONNOKBUYM
HaHOCUCTEM yMy
Tema 10. CuHTtes
NnoaroToBka K
10.|HaHo4YacTUL, B 7 11 KSJI'IHHSKEM 3 10 KONNOKBUYM
HaHopeakTopax yMy
Tema 15.
HaHomartepuansl ons
61MOHaHOTEXHONOrnNn,
MeOULNHbI.
HaHodbapmakonorus v NoAroToBKa K
15.|HaHONekapcTBa. 7 18,19 [KOHTpONbHOM 10 Kglggr;ganaﬂ
BesonacHOCTb 1 puckm paboTte P
MCMNONb30BaHUS
BEleCTB B
HaHoOAMCMNEePCHOM
COCTOSIHUN
NTtoro 30

5. 06paaoBaTeanb|e TeXHONOrmu, BKNoyasi UHTepakTuBHbie oOpMblI 06yqe|-|v|9|

Mpu n3yyeHnn aucumnivHbl "OyHKUMOHaNbHbIE HaHOMaTepuabl 1 TEXHONOTMKU UX NonyYeHns"
npeaycMaTpmBaeTcs pa3bop KOHKPETHbBIX CUTYaLIMiA, OCHOBAHHbIX HA NPAKTUYECKMX NpuMepax;
MCMONb30BaHNe KOMMbIOTEPHbBIX MPe3eHTauunii NeKLUMOHHOro Matepuana.

6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCcTh, MPOMeXYTOYHOW
aTTecrauum rno uToramMm OCBO€HUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTe/IbHOM paboThbl CTYAEHTOB

Tema 1. HaHOCTPYKTYypbl, HAHOMaTepuasnbl U HAHOTEXHONOrMn. OCHOBHbIE NMOHSATUS U TEPMUHbI

Tema 2. Knaccudomkaumsa HAHOO6HEKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYpa,
CBOWCTBa, TeopeTuyeckme Mogenu.

Tema 3. TybynsipHble HAHOCTPYKTYpPbl. YrnepoaHbie HaHOTPY6ku. HaHonpoBonoku n
HaHOBOJIOKHa.
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Tema 4. ﬂ,ByMeprle HaHOCTPYKTYpPbI. dusnyeckme n XMmMmyeckme MeToabl 0CaXxaeHUs MeHoK

Tema 5. OnTUyeckue 1 aNeKTPOHHble CBONCTBA HAHOCUCTEM
KONMOKBUYM , MPUMEPHbIE BONPOCHI:

Konnoksuym no temam: 1. [IByMepHble€ HAHOCTPYKTYPbl. TOHKME MNEHKN: OCaXAeHUe U3 ra3oBon
oasbl, MEXaHU3MbI pocTa nneHok. 2. MNneHkn JleHrmopa-bnooxerr.

Tema 6. MarHuTHble cBOMCTBA HAHOCUCTEM
Tema 7. MexaHnyeckvue cBOMCTBa HAHOCUCTEM
Tema 8. Pusnyeckue U XMmmyeckme MeToabl CUHTE3a HaHOMaTepuanos

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

Tema 10. CuHTe3 HaHO4YacTUL, B HAaHOpeaKTopax
KONINOKBUYM , NPVMEPHbIE BOMPOCHI:

KOJ'IJ'IOKBI/IyM no temam: 1. Tunbl KONNOMOHbIX HaHOPeaKTOopPOoB - MULLEN b, MUKPOSMYNIbCUN,
MUHU3IMYNbCUK, 2. Twunbl KONNONOHbIX HaHOPEeaKTOopPOB - 6HOK-COI'IOJ'II/IMepr, MOHO- N MyNIbTUCNOWN.

Tema 11. MeTtonbl nutorpadoumn, 0CO6eHHOCTU U CPaBHUTE/IbHbIE XapaKTePUCTUKMU

Tema 12. MeToabl UCCNnenoBaHNs HaHOMaTepnanos

Tema 13. O6nacTn npuMeHeHUst HaHoMatepuanos. HaHoMexaHM3Mbl U HAHOYCTPOMCTBA
Tema 14. HaHo3nekTpoHuka. CoBpeMeHHble TpaH3ucTopbl. MonekynsipHasi aneKTpoHuKa

Tema 15. HaHomaTepuanbl ans 6I/IOHaHOTeXHOﬂOFI/IVI, MeaAULNHDbI. HaHOC*)apMaKOHOFVIFI n
HaHoJNeKapcTBa. BesonacHoCTb U PUCKM UCnoJsib3o0BaHuA BewecTts B HAHOOUCNEPCHOM
COCTOAHMMN

KOHTpO/bHas paboTa , NpUMepHbIe BOMPOCHI:

Bonpochkl k KOHTponbHOM paboTe: 1. MeToapl nccnenoBaHus HaHoMmatepuanos. CkaHupytowas
30HO0Bas MUKPOCKOMUSA: CKaHMpPYOLWasa TYyHHENbHas 1 aTOMHO-CUnoBas Mukpockonus. 2. Metoapl
nccnenoBaHusa HaHomatepuanos. CnekTPOCKONMYecKne MeTobl: PpagnocnekTpoCKonus,
MUKPOBOJIHOBASA CNEKTPOCKOMNUSA, A0EPHbIA MarHUTHbIN 1 3NEKTPOHHbIN NapaMarHUTHbIA pe3oHaHc. 3.
MeTtonbl uccnepnosaHns HaHomatepuanos. K n KP cnektpockonus, peHTreHoBckas u
poTO3NEKTPOHHAs cnekTpockonusi, MeccbayapoBckas cnekTpockonus. 4. MeTonbl uccnenoBaHums
HaHomaTepwuanos. udpakumoHHbIe MeToObl: ANdopakUnNs 3NEeKTPOHOB, peHTreHorpagous. 5.
bBesonacHOCTb 1 pnckK NCNONMb30BaHNSA BELWECTB B HAHOANCNEPCHOM COCTOSIHUN.

Tema . UToroeasi popma KOHTpons

[MprMepHble BOMPOCHI K 3a4eTy:

CamoctosiTenbHas pabota ctyneHToB (CPC) BknoyaeT cneaytowme Buabi:

- U3y4YeHre TeoPeTNYeCcKoro NeKUMOHHOro MaTepmnana;

- npopaboTka TeopeTMYEeCcKoro Mmatepuana (KOHCNeKTbl NEKLUMA, OCHOBHASA 1 AOMNONHUTENbHAS
nuteparypa).

Bonpocsbl k 3a4erTy:

. HaHoCTpyKTYypbl, HAHOMaTepmanbl U HAHOTEXHONOMMN. OCHOBHbIE MOHATUSA N TEPMUHDI.
. Knaccudomkaums v Turnbl HAHOCTPYKTYP.

. TybynsipHble HAHOCTPYKTYpbl. MeToabl NonyyYeHNs, CBOMCTBA.

. YrnepogHble HaHOTpybkn. MeToabl cCMHTE3a. B3aMOCBSA3b CTPYKTYpPbl 1 CBOWCTB.

. [lByMepHble HAaHOCTPYKTYpbl. DU3nyeckne n XMmMmnieckme MeToabl ocaxaeHus.

. OnTnyeckne n aneKTpPoHHbIE CBONCTBA HaHOYacTuL. HaHoYacTuubl MeTannos.

. MarHuTHble cBOMCTBAa HaHoYacTUL,. MarHUTHble HaHOMaTepuansl.

. MexaHnyeckune ceoricTBa HaHocMCcTeM. HaHOKOMNO3UTbI.

9. MeToobl CUHTE3a HAHOCTPYKTYP 1 HAaHOMaTEpPUanos.

10. dusmnyeckmne MeTobl CUHTE3A HAHOCTPYKTYP.

11. XuMnyeckme MeTolbl CUHTE3a HAHOCTPYKTYP.

O NO Ok~ WN =
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12. Mpoueccbl camoopraHnsaunm 1 camocbopkmn B HAHOCKMCTEMAX.

13. OBuxywume cunbl camoopraHmsaumm. KoHcepsaTvBHas U guccunaTBHas caMoopraHusaums.
14. CUHTE3 HaHOYacTu1L B HAHOpeakTopax.

15. MeTonbl HaHONMTOrpadum, 0COBEHHOCTN N CPABHUTENbHBIE XapPakTEPUCTUKMN.
16. MeTonbl nccnenosaHnsa HaHoMaTepuanos. JudpakumMoHHbIe MeTOObI.

17. MeTtonbl nccnegoBaHus HaHoMmaTepuanos. MeToabl MUKPOCKOMUK.

18. MeTonabl nccnenosaHna HaHoMaTepuanos. MeToabl CNEKTPOCKOMUN.

19. ObnacTv npuMeHeHMs HaHoMaTepuanoB. NpuMepbl NCNONb30BaHUS.

20. HaHOMexaHM3Mbl 1 HAHOYCTPOMCTBA.

21. MnKpo- 1 HaHO3NEKTPOMEXaHNYeCKne cuctemMbl. MUKpPO- 1 HAHOTpPUBONOrUs.

22. HaHoycTporicTBa ansi npeobpa3oBaHms aHeprun. Tunbl akTiOaTOPOB.

23. HaHoanekTpoHuka. CoBpeMeHHbIE TPaH3UCTOPbI.

24. MonekynspHas anekTpoHuKa, NpuMepbl YCTPOMCTB.

25. Matepuanbl onst BIOHaHOTEXHONOMUN.

26. HaHomaTepuanbl 1 HAHOMHCTPYMEHTBI NS MeAULMHbI.

27. besonacHoOCTb N PUCKN NCMONb30BaHNS BEWECTB B HAHOOUCMEPCHOM COCTOSIHUMN.
28. MepcnekTuBbl 1 NPO6NEMbI PA3BUTUS HAHOTEXHONOTUIA.

BuneTtbl K 3avery:

Bunert 1

1. TybynsipHble HaHOCTPYKTypbl. MeToabl Nony4YeHusl, CBOMCTBA.

2. MeToabl nccnenoBaHns HaHomaTepuanos. JudpakumoHHbIE METOAbI.

Bunert 2

1. MarHuTHble cBOMCTBa HaHo4YacTul. MarHMTHble HaHOMaTtepumansi.

2. Mpoueccbl camoopraHnaaumm u camocbopkm B HAHOCUCTEMAX.

bunet 3

1. HaHOCTPYKTYypbl, HAHOMaTepuanbl U HAHOTEXHONOrNMN. OCHOBHbIE MOHATUS U TEPMUHDI.
2. MeTtogbl HaHONMTOrpadu, 0COBEHHOCTM U CPABHUTENbHBIE XapakTEPUCTUKN.
Bunert 4

1. OnTuyeckne n aNeKTPOHHbIE CBONCTBA HAHOYaACTUL. HaHoYacTuubl MeTanmnos.

2. MNepcnekTrBbl 1 NPO6NEMbI Pa3BUTUS HAHOTEXHOOMIA.

bunet 5

1. MeToabl nccnenosaHnsa HaHoMmaTepuanos. MeToabl MUKPOCKOMUN.

2. MexaHu4eckue cBoicTeBa HaHocucTeM. HaHOKOMMNO3UTbI.

bunet 6

1. Knaccundgpukaums n Tunbl HAHOCTPYKTYP.

2. Mykpo- 1 HaHO3NeKTpoMexaHuyeckme cuctemol. MUkpo- n HaHOTpubonorusi.
bunet 7

1. MeToabl CMHTE3a HAHOCTPYKTYP N HAHOMaTepunanos.

2. besonacHoOCTb N PUCKN NCMONb30BaHUS BELWECTB B HAHOOUCNEPCHOM COCTOSHUMN.
Bunert 8

1. dn3nyeckne MeToabl CMHTE3a HAHOCTPYKTYP.

2. MaTepvanbl onst GBUOHAHOTEXHOMOI K.

Bunet 9

1. XvMuyeckme Metoabl CMHTE3a HAHOCTPYKTYP.

2. HaHoycTpoiicTea ons npeobpasoBaHns sHeprun. Trnbl akTioaToOpPoB.

Bunet 10

1. YrnepogHble HaHOTPybkn. MeToabl cuHTe3a. B3aumMocBsiab CTPYKTYpbl U CBOMCTB.
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2. ObnacTtv npuMeHeHns HaHoMaTepuanos. [NMpruMepbl NCNOb30BaHNS.

Bunet 11

1. HaHoMaTtepuanbl 1 HAHOVHCTPYMEHTbI A1 MEANLMHDI.

2. CvHTE3 HaHo4YacTuL, B HaHOpeakTopax.

Bunet 12

1. [Buxyuwme cunbl camoopraHmsaumu. KoHcepsaTvBHas U auccunaTmBHas caMoopraHnsaums.
2. MonekynapHast anekTpoHuka, npuMepbl yCTPONCTB.

Bunet 13

1. 1ByMepHble HAHOCTPYKTYpbl. PU3nYeckme n XmMmyeckne MeTobl OCaXAEHNS.
2. HaHoanekTpoHuka. CoBpeMeHHbIe TPaH3UCTOPbI.

Bunet 14

1. HaHOMexaHu3Mbl 1 HAHOYCTPONCTBA.

2. Metonbl nccneposaHns HaHoMmaTepuanos. MeToabl CNEKTPOCKOMUW.

7.1. OcHOBHas nuTeparypa:

1.Enncees, A.A. dyHKUMOHaNbHbIE HAHOMaTepWansl: y4ebHoe nocobue ons ctyneHTos / A.A.
Enucees, A.B. JlykawwH; nog pea. akag. FO.[. TpeTtbakosa.?Mocksa: ®duamatnut, 2010.7452 c.

2. Pambugu, H.I'. dusnyeckme n xmummyeckmne ocHoBbl HaHOTexHonorui / H. . Pambuan, A. B.
BepésknH.?Mocksa: duamarnut, 2009.7456 c.

3. NonosuH KO.N. OcHOBbI HAHOTEXHONOMUIA. [SNEKTPOHHbIN pecypc]. - M.: MawnHocTpoeHue, 2012. -
656 c.

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

4.'yces, A.N. HaHomaTtepuanbl, HAHOCTPYKTYpbl, HaHoTexHonoruu / A. W. l'yces.?VI3paHue 2-e,
ncnpasneHHoe.?Mocksa: ®uamatnut, 2009.7416 c.

5. lN'yces A.N. HaHomaTepuanbl, HQHOCTPYKTYPbl, HAHOTEXHONOMMW. [DNEKTPOHHbIV pecypc]. - 2-e
naga., ucnp. - M.: dusmatnut, 2009. - 416 c.

Pexwum poctyna:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2173

6. Pambuaun H.I"., BepéakunH A.B. ®duamnyeckme n xmmMm4eckmne 0CHoBbl HAHOTEXHOOTUIA.
[9nekTpoHHbIN pecypc]. - M.: duamatnut, 2009. - 456 c.

Pexwum goctyna:http://e.lanbook.com/books/element.php?pl1_cid=25&pl1_id=2291

7.2. [lononHutenbHasa nuteparypa:
1. Kobascu H. BeeneHue B HaHoTexHonoruo M.: BuHowm, - 2007.

2. Cyspanes W.I1. ®U3NKOXMMNSA HAHOKNACTEPOB, HAHOCTPYKTYP U HaHOMaTepuanos. M.: KHUXHbIA
nom "JIMBPOKOM", 2013.

3. Ceprees I".6. HaHoxumus. M.: KHnxHbiin [lom YHusepcutet, 2009.
4. Myn Y., OyaHc ®. HaHoTtexHonorun. M.: TexHocdepa, 2007.

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] - hitp://www.unep.org
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8. MarepumanbHo-TexHU4YecKoe obecrneyeHme oUCLUNAUHbI(MOAYNSA)

OcBoeHMe ONCUMNANHDI "CDyHKLl,I/IOHaJ'IbeIe HaHOMaTtepuasbl N TEXHOJIOTNK NX nony4yeHunsa"
npeannonaraeTt UCnosib3oBaHWe criefyrwero MmarepmanbHO-TEXHNYECKOro obecneyeHuns:

nepCOHaﬂbeIM KOMMbIOTEP N NMPOEKTOP A/ AEeMOHCTpauUnn MNNioCcTpaTtuBHOro Matepuasna rno BCem
pasnoenam gucumniinHbl.

Mporpamma coctasneHa B cootBeTcTBuM ¢ TpeboBaHnsmmn GrOC BINO 1 y4ebHbiM nnaHoM no
HanpasneHno 020100.62 "Xumua" n npodomnio NoarotoBkn Pusnyeckas XmMms .
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