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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 ancumnnvnHa sknoydeHa B pasgen " 51.B.0B.9 OucumnavHel (Mogynm)" OCHOBHOW
obpaszoBartenbHoit nporpammbl 04.05.01 dyHaaMeHTanbHas 1 NpuknagHas XMMmns 1 0THOCUTCS K
avcumnnnHam no Boibopy. OcBamBaeTcs Ha 4 Kypce, 7 CEMECTP.

OucunnnuHa 'PyHKUnoHabHbIE HAaHOMartepuanbl U TEXHONMOMMN NX NONy4YEeHUs' OTHOCUTCS K
BapuaTMBHON YacTy 6noka aucumnniavH y4ebHoro nnaHa noarotToBky 6akanaspoB Mo HarnpasieHno
"Xumuns' no npodcpunto 'Pusnyeckast xumust' (Kypc no soibopy). HaHoTexHOnorum, Kno4esbiM
3/IEMEHTOM KOTOpPbIX ABNAOTCSA HAHOMaTtepuasbl, CTanu B NOCneaHee BpeMs Hay4yHbIM U
rocynapCTBEHHbIM NPYOPUTETOM Halel cTpaHbl. PadpaboTka, co3aaHue n npakTmyeckoe
NPUMeHeHne PyHKLMOHaNbHbIX HAHOMaTepuanos TpebyeT MeXancunnanHapHOro Noaxoaa.
MexaucunnnnHapHbli XxapaktTep UCUMUMIVHBLI Npegnonaraet, YTo 45 ee YCrnewHoro OCBOEHS
CTYAEHT [ONMXEH 3HATb (PyHAaMEHTaNbHble OCHOBbI MateMaTtuku, conanku, GMonornm, Xmmnm
(HeopraHnyeckas, opraHnyeckas, omandeckas, aHanuTudeckas), u3n4eckon Xmmmm
HaHoMaTepuanos.

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

B pesynbTate 0CBOEHUSI AMCLMNINHBI (QOPMUPYIOTCS CReaytowme KOMNeTeHUNN:

LLincpp komneteHumu npwoﬁpgg::nlggl)ﬁg;ﬁaewuuuu
OK-7
(OBLIEKYNIbTYPHbIE FOTOBHOCTbIO K CaMOpPa3BUTUIO, camopeanmaawmm,
KOMNETEHLAN) MCMONb30BAHMIO TBOPYECKOro NoTeHumana
OrlK-1 CNOCOBHOCTBLIO BOCMPMHUMATL, pa3BmBaTh U NCMONb30BaThb
(npogpeccuoHanbHble TEOPETNYECKME OCHOBbI TPAANLIMOHHbBIX 1 HOBbIX Pa34enoB
KOMMeTeHUmMN) XUMUW NPU pPeeHnn NpopeccnoHanbHbIX 3aaad
MNK-3 BNafeHNeM CUCTEMOI (DyHAAMEHTANbHbIX XMMUYECKMX MOHSATUI
(NpodpeccmoHanbHble 1 METOLONOMMYECKMX aCNeKTOB XMUK, hopMamMm 1 MeToaamm
KOMMEeTeHLMN) Hay4YHOro NO3HaHUS
CNOCOBHOCTBIO UCMOMNb30BaTh OCHOBHbIE 3aKOHOMEPHOCTY
ACK-1 XMUHYECKOM HayKun U (PyHAAMEHTarbHbIE XMMUNYECKUE NOHSTUS
B MPOCPECCNOHANBHON AEATENBHOCTU B COOTBETCTBUM C
BbIGpaHHO cneunansaunen

B peaynbtate 0CBOEHUS ONCUMMNINHBI CTYAEHT:
1. DONXEH 3HaTb:
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3HaTb CTPYKTYpYy ¥ CBOMCTBA BELECTB B HAHOCOCTOSIHUM, CNOCOObLI MONy4eHNs 1 METOAbI
nccnenoBaHns HAHOCTPYKTYP U HaHOMaTepUanos, NOTEHUMANbHbIE BO3MOXHOCTW U PUCKM
NCMONb30BaHNSI HAHOCTPYKTYPUPOBAHHbIX 06 HEKTOB

2. DONIXEH yMeTb:

YMeTb CaMOCTOATENBHO KNaccudmumpoBaTb HAHOCTPYKTYPbl 1 HAHOMAaTEpWasbl, ONPenensTb
obnactn NpUMEHeHNs HaHOMaTepuanoB, OPUEHTMPOBATLCS B COBPEMEHHO NnTepaType no
PU3NYECKON XMMUN HAHOKNACTEPOB, HAHOCTPYKTYP 1 HAHOMATEepPManos

3. DonXxeH BnageThb:

3HaTb CTPYKTYpY 1 CBOWCTBA BEWECTB B HAHOCOCTOSIHUM, CNocobbl MONy4eHns 1 MeToapbl
NccnenoBaHUs HAHOCTPYKTYP M HAHOMATEPMANoB, NOTEHLMANbHbIE BO3MOXHOCTM U PUCKHN
NCMONb30BaHNS HAHOCTPYKTYPUPOBAHHbLIX 0O bEKTOB

4. nONXeH OJEMOHCTpUpoOBaTb CNOCOBHOCTb 1 FOTOBHOCTb:

YMeTb caMoCTOSITENbHO KNacCUgULMPOBaTb HAHOCTPYKTYPbI U HAHOMAaTepuanbl, onpeaensiTb
obnacTv NpMMEHEHUs HaHoMaTepXanoB, OPMEHTMPOBATLCS B COBPEMEHHOIN nuTepatype no
PU3NYECKON XMMUWN HAHOKNACTePOB, HAHOCTPYKTYP U HAHOMaTepunasnos

4. CTpyKTypa u cogepxaHve AUCLUMNIUHbI/ Moayns
Obwas TpyooeMKOCTb AMCLMMNANHBI COCTABASET 2 3a4eTHbIX(ble) eanHuL(bl) 72 Yyaca(oB).
dopma NPOMEXYTOYHOro KOHTPONS AUCLMMINHBI 3a4€eT B 7 CEMeCTpe.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONM4YeCcTBO Ans [OMnycKa K 3a4eTy
28 6annos.

86 bannos 1 bonee - "OTANYHO" (OTN.);

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

55-70 6annos - "ynoBnetBoputenbHO" (yaoo0B.);

54 6anna n MeHee - "HeynoBNEeTBOPUTENLHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucuunimHe/ MOAynto
TemaTtnyeckun nnaH gUCLUUNAUHbI/MOAYNS

Buabl v yachbl
Pasgen ayauTOpHOM paboThbl,
Henens WX TPy A0EMKOCTb Tekywue copmbl
N ﬂ"&%";ﬂﬂ;‘“b" CemMecTpl.omectpa (B yacax) KOHTpOnsi
Nexumn MpakTuueckmelllaboparopHbie
3aHATUA paborbl

Tema 1.

HaHoCTpyKTypHl,

HaHomaTepwanbl N
1.

HaHOTEXHONOornu. 7 1 2 0 0

OCHOBHbIE NOHATUSA 1

TEPMUHbI

Tema 2.

Knaccudmkaums

HaHOOOBLEKTOB U

HaHOCTPYKTYyp. MeToabl
p, |HaHOCTPYKTYP. VIETOR 7 2 2 0 0

CUHTE3a, CTPYKTYypa,

CBOWCTBA,

TeopeTnyeckmne moaoenu.
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Paspen
AducunnnuHol/
Moayns

CemecTp

Henens
cemecTtpa

Buabl n yachbl

ayauTOpHOM p

abortbl,

MX TPYAO0EMKOCTb
(B yacax)

Tekywime coopmbl
KOHTpOns

Nekuunn

MpakTnyeckue
3aHATUSA

NabopaTopHbie
paborbl

Tema 3. TybynsipHble
HaHOCTPYKTYpbl.
YrneponHbie
HaHOTPYOKM.
HaHonpoBONoOKuU 1
HaHOBONOKHa.

2,3

Tema 4. [1ByMepHble
HaHOCTPYKTYpbI.

. |Punsnyeckme n

XMMn4eckmne Metobl
ocaxXoeHud rnineHok

Tema 5. Ontnyeckune n

. [3NEKTPOHHbIE cBOWCTBa

HaHOCUCTEM

Konnoksunym

Tema 6. MarHuTHbIe
CBOWCTBA HAHOCUCTEM

Tema 7. MexaHun4eckue
CBONCTBA HAHOCUCTEM

Tema 8. dusnyeckue un
XUMUYeckme MetToabl
CUHTE3a
HaHomartepuanos

7,8

Tema 9. MNpouecchl
camoopraHmsauum v
camocbopku B
HaHocucTeMax.
JBuxyuwme cunbl
camoopraHusauunm

9,10

10.

Tema 10. CuHTES3
HaHoyacTuL B
HaHopeakTopax

11

Konnoksuym

11

Tema 11. MeToapl
nurtorpadum,

.locobeHHOCTU U

CpaBHUTESbHbIE
XapakKTepucTmnku

12

12.

Tema 12. MeTonbl
nccnenoBaHus
HaHomartepwuanos

13

13.

Tema 13. Obnactu
NPUMEHEHNS
HaHomaTepwuanos.
HaHomexaHn3mbl 1
HaHOYyCTpoWncTBa

14,15

14.

Tema 14.
HaHoanekTpoHuKa.
CoBpeMeHHble
TPaH3UCTOpbI.
MonekynspHas
9NEeKTPOHMKa

16,17
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Bugbl n yachbl
Pasgen ayauTopHOM paboThbl,
UX TpyaoeMKoCTb
N|  Acusnnae)  Cemeotpo ST, (s saca) T oo
Nekumu MpakTnyecknellaboparopHbie
3aHATUSA pa60TbI
Tema 15.
HaHomartepuanbl ons
61oHaHOTEeXHONOrnNn,
MeaNUMHbI.
HaHodpapmakonorms un KoHTponbHas
15.|HaHonekapcrea. 7 18,19 4 0 0 pabota
BesonacHocTb 1 pucku
NCNONb30BaHUS
BELLECTB B
HaHOANCNEPCHOM
COCTOSIHUN
Tema . toroeas v 0 0 0 3aver
doopma KOHTpons
Ntoro 42 0 0

4.2 CopepxaHue OUCLUMNIMUHbI
Tema 1. HaHOCTPYKTYpbl, HAHOMaTepuasbl U HAHOTEXHONOrUU. OCHOBHbIE MOHATUS U TEPMUHbI

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

HaHOCprKTypr, HaHOMaTepumanbl 1 HAHOTEXHONTIOTUI. |/|CTOpI/I9I N npeano-Ccblyikh BOBHNKHOBEHWA,
aTanbl Pa3BUTUA HaHOTeXHONOrnm. OCHOBHbIE MOHATUSA U TePpMUHbl HAHOHAYKN N HAHOTEXHONOTINN.

Tema 2. Knaccudomkauma HaHOO6HEKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYpa,
CBOWCTBa, TeopeTuyeckme Mogenu.

NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Knaccudpmkaums HAHOO6bEKTOB: HAHOKNIACTEPbI, HAHOYACTMLbI, HAHOCTPYKTYPbl. MeToabl CUHTE3],
CTPYKTypa, CBOWCTBA 1 TEOpeTUdeckme Moaenu knactepos. Knaccudomkaums HaHOCTPYKTYpP: Hyfb-,
OLHO-, ABY- N TPEXMEPHbIE HAHOCTPYKTYpbl. Knaccudrkaums MeTonoB CrHTe3a HAHOOOHEKTOB U
HaHOCTPYKTYP.

Tema 3. TybynsipHble HAHOCTPYKTYpPbl. YrnepoaHbie HaHOTPYO6Kku. HaHonpoBonoku n
HaHOBOJ/IOKHa.

JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

TybynsipHble HAHOCTPYKTYpPbI. YrnepoaHble HaHOTPYOKUN: NCTOPUS OTKPbITUS, CTPYKTYPa, MEXaHN3MbI
pocTta. MeTonbl CHTE3a YyrnepoaHbIX HAHOTPYOOK: TePMUYECKOE pacnbineHne, na-3epHoe
pacnblneHne, KPEeKUHr yrinesBoaopoao0B, SNEKTPOXMMMYECKUIA MeTo. B3anMoCBSi3b CTPYKTYpbI 1
PU3NYECKMX CBOWCTB YrnepoaHbix HAHOTPYBOOK, MHTepKanNpPoBaHHbIE HAHOTPYO-KM.
HeopraHnyeckue TybynspHble CTPyKTypbl. HAaHONPOBOMOKM M HAHOBONOKHA.

Tema 4. [1ByMepHbie HAHOCTPYKTYPbl. PU3nueckmne N XMMMYeCcKmue MeToabl 0caXaeHus
NneHokK

JNleKLLMOHHOe 3aHsiTue (2 4aca(os)):

JlByMepHble HAHOCTPYKTYpPbl. TOHKME MNEHKW: ocaxXdeHne U3 ra3oBor goasbl, MEXaHMU3Mbl pocTa
nneHok. Prsnyeckme MeToabl 0OCaXAeHMs NNEeHOK: MONEKYNSPHO-Ny4eBas anuTakcus, UMNynbCHOe
nasepHoe ocaxaeHue, pacnblnMtenbHoe ocaxaeHne. Metoabl XMMNYeCKOro oCaxaeHns nneHokK:
XMMUYECKOe OCaxdeHne 13 ra3oBoi asbl, MOCNONHOE OCaXAeHMEe, XMNYECKOE OcaxXaeHne 13
pacTBopoOB, NneHku JleHrmiopa-bnooxerr.

Tema 5. OnTnyeckue 1 ANEeKTPOHHbIE CBOMCTBA HAHOCUCTEM
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):
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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.

Tema 6. MarHUTHble cCBOMCTBA HAHOCUCTEM
NeKLuMoHHoe 3aHsiThe (2 yaca(os)):

MarHuTHble cBoncTBa HaHocucTeM. CTpykTypa peppomarHeTvkos. CyneprnapamarHeTuam.
MarHuntHas aHmsoTponus. AHU30TPONUs POPMbl. AHN30TPONUSA MEXAHUYECKOTO HaNpPsXeHNs.
O6meHHas aHuzoTtponus. MarHuTHble MOMeHTbLI. MarHuTHble HaHOMaTepuansi.

Tema 7. MexaHu4yeckue cBocTBa HAaHOCUCTEM
JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

MexaHnyeckne cBoricTBa HaHocucTeM. 3akoH Xonna-lNetya. [edekTbl B HAHOCTPYKTYPU-POBAHHbLIX
matepuanax. Ynpyrvue csonctsa. MooennposaHve 3epeH 1 MeX3epeHHbIX rpaHuL,. HaHoKoMno3uThbl,
apmupoBaHne. MexaHn4yeckune CBOMCTBA YrnepoaHbiX HAHOTPYOOK.

Tema 8. dPusnyeckme u xXumMmyeckme MeToabl CUHTe3a HaHoMaTepuanos
JNIeKLMOHHOoe 3aHsiTue (4 4aca(os)):

Knaccudmkauns MetonoB CMHTE3a HAHOMAaTepPManoB, CUHTETUYECKE NOAX0Abl "CHU3Y BBEPX" U
"cBepxy BHM3". Punamnyeckme MetTobl CUHTE3a: ra30d0asHblil CUHTE3, MEXAHOCUHTES,
NETOHAUMOHHbIN CUHTE3 N 9NEKTPOB3PbIB. XMMUYECKME METOAbl CUHTE3a: 30/b-reNb MeToa; rmapo-
N CONbBOTEPMASIbHBIV CUHTES; KONTOMOHbIE HAHOPEeaKTOPbl. TuMbl KONNOMAHBIX HAHOPEAaKTOPOB -
MULENNbI, MUKPO3MYTbCUN, MUHU3MYNTbCUK, BNIOK-CONONMMEPI, MOHO- 1 MybTUCoN. KOHTpOnNb
MOPJPONOrMM HAHOCTPYKTYpP. MeToabl pasgeneHns HaHO4YacTuL, Mo pasmepy.

Tema 9. MNMpoueccbl camoopraHusaumm u caMmocbopku B HaHocucTemax. [BuXyLiue cunbl
camoopraHusauuu

JNeKLMOHHOoe 3aHsiTne (4 4yaca(os)):

Mpouecchbl camoopraHn3aumm n camocbopkm B HaHocuctemax. Ceepxknactepsl. Jsuxywme cunbi
camoopraHunsaunn. KoHcepsaTuBHas (paBHoBecHas) camoopraHusauus. duccunartmsHas
(HepaBHOBeCHas) caMoopraHn3auns: MexaHn3m BO3HUKHOBEHUS, a4eiikn beHapa, peakuus
Benoycosa-XaboTnHckoro. MpuHuun Kiopu, Teopus OHcarepa, Teopema IMnaHcaopda-NpuroxmnHa.

Tema 10. CuHTE3 HaHO4YacTUL, B HAaHOpeakTopax
JNeKLMoHHoe 3aHsiTne (2 4aca(oB)):

CuWHTE3 HaHoYacTuL B yNopsAoYeHHbIX MaTpuuax. HynbMepHble HAHOPEeaKToPb! - LEONUTbI, X
csoiicTBa. OLHOMEpPHbIE HAHOPEAKTOPbI: ME3OMOPUCTLIE MONEKYNSIPHBIE CUTA HA OCHOBE AMOKCUAA
KPEMHUS, MOPUCTBIA OKCUA, aNtOMUHUS, UX UCMONb30BaHWE ONs CUHTE3a HAHOKOMMO3MTOB U
HaHoMmaTepuanos. [1ByMepHble HAHOPEAaKTOPbI: CIOUCTbIE TMAPOKCUADI.

Tema 11. MeTtoabl nutorpacmmn, 0CO6eHHOCTU U CpaBHUTENbHbIE XapaKTepUCTUKU
neKuMnoHHoe 3aHsiTne (2 yaca(os)):

Hanonutorpadomsi. Knaccudpmkaums metonos nutorpadoun. Ontudeckas nutorpacous:
NCMONb3yeMoe U3nyyYeHne, KOHTPOSb OCBELLEHHOCTM, Macku, Matepuanbl ONTUYECKNX CUCTEM.
OneKTPOHHO-Ny4eBas nuTorpadousi, MOHHoO-Ny4eBasi, 6eamMacoyHas, neyatHas nuTorpadms,
0COBEHHOCTY U CPaBHUTENbHBIE XapaKTEPUCTUKM.

Tema 12. MeToabl UCCNepoBaHNS HaHOMaTepnanos
JNIeKLMOHHOe 3aHsiTne (2 4yaca(oB)):

MeToabl uccnenosaHns HaHoMmaTepuanos. CkaHupyowas 30H40Bas MUKPOCKOMKWS: CKaHMpyowWwas
TYHHEsNbHAs N aTOMHO-CUI0BAs MUKPOCKONUS. ABTOMOHHAsa MUKpockonus. MeToabl 1 BO3SMOXHOCTM
9NEKTPOHHON MUKpockonun. CNekTpoCcKonnyeckme MeToapl: paamocnekTpockonus, MMKPOBONHOBAS
CMNEKTPOCKOMNUS, AAEPHbIA MarHUTHBIA WU SNEKTPOHHbIA NapaMarHuTHbIn pe3oHaHc, UK n KP
CMEKTPOCKONUS, PEHTreHOBCKas U POTO3NEKTPOHHAsA cnekTpockonus, Meccbayaposckast
cnekTpockonus. dudpakumoHHble MeToabl: AMdpakumns aNeKTPoOHOB, PeHTreHorpadus

Tema 13. O6nactv npuMeHeHUs HaHOMaTepuanos. HaHoMexaHU3Mbl 1 HAHOYCTPOMCTBA
neKkumnoHHoe 3aHsiTne (4 yaca(os)):
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MpuMeHeHne pyHKLMOHaNbHbIX HaHoMaTepuanos. ObnacT NPUMEHEHUsI HaHOMaTepuanos:
NHXEHepUs, aNeKTPOoHUKa, ONTrKa, Katanua, MmaTepuanoseneHne, Tpmbonorus, apMakonorus,
MeOuunHa, MONEKYNSapHbIA An3anH. HaHoMexaHn3Mbl 1 HaHoycTponcTea. Mukpo- u
HaHo3nekTpoMexaHndeckune cnuctemol. Mukpo- n HaHoTpmbonorus. HaHoMexaHuka. YcTpolicTea ons
npeobpas3oBaHNst SHEPrUN: ANEKTPOCTATUYECKNE, MAarHUTHbIE, MbE303NIEKTPUYECcKne, TEMNoBbIE,
rmapaenmMyeckme, CEHCOPHbIE aKTaTopbl, KOHCTPYKLMS 1 ocobeHHoCTU. MonekynsipHble
aKToaTopPbl: MONEKYNSIPHBIE MOTOPbI - NPUPOAHLIE BUONOrMYECKNe HAHOMaLLVHbBI, POTaKCaHbl 1
KaTeHaHbl, HAHONUT, YCTPONCTBA HA OCHOBE aNlkeHOB.

Tema 14. HaHo3anekTpoHuka. CoBpeMeHHble TpaH3ucTtopbl. MonekynspHas aneKTpoHuKa
neKkumnoHHoe 3aHsiTne (4 yaca(os)):

HaHoanekTpoHnka. CoBpeMeHHbIE TPAH3MUCTOPbI: KAHTOBbIE 3EKTHI, AEGEKTbI 1 OWMNOKN,
TPaH3UCTOPbl HA OCHOBE YrNepoaHbIXx HAHOTPYOOK. KBaHTOBbIE KOMMbIOTEPLI: MPUHLMMBI 1
anropuTMbl, MaTepuanbl 4ns N3rotoBneHms. MonekynsapHas anekTpoHUKa, NpUMepbl yCTPONCTB.
MarHnTHble HOCUTENN MHCPOPMALNN.

Tema 15. HaHomaTtepuanbl ans 6MoHaHOTEXHONOrMK, MeauLUMHbLL. HaHodbapmakonorus n
HaHonekapcTBa. be3onacHoOCTb U PUCKM UCNONb30BaHUS BELLLECTB B HAHOAUCMNEPCHOM
COCTOSIHUN

JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

MaTtepuanbl ons 6uoHaHoTexHonorum. KoHCTpYKUMOHHbIE HAHOMaTepuanbl 41 MeEAVNLUHBI.
HaHodpapmakonorusi u HaHonekapcTea. CuHTe3, GBokoHBbIoraums n GoCoBMECTMMOCTb
HaHo4acTuu. MarHnTHble HaHoOMaTepuansl B MeauumHe. HaHokancynsl. HaHonekapcTBa.
LnarHocTnyeckme HaHOCUCTEMbI. HAHOMHCTPYMEHTLI NS MUKPOOBNONOrm U MeaNUMHbI.
Be3onacHOCTb N PUCKK NCMONb30BAHUS BELWECTB B HAHOANCMEPCHOM COCTOSHUN.

4.3 CTpyKTypa M conepxaHue caMOCTOATENIbHOMN paboTbl AUCLUNNIUHBI (MOAYNS)

Bupbl
N Paspen Cemectp Henens camocmsﬂenbuoﬁ TPYBOeMKOCTb| g;?a%“g:'o:?:;gaga
AducumnnmHbl cemecTpa paboTbl (B yacax) pa6oTbl
CTyOEeHTOB
Tema 5. OnTnyeckne n
5. |9NEeKTPOHHbIE CBONCTBA 7 4 Egﬁ;g;gﬁ;iy'( 10 KONNOKBUYM
HaAHOCUCTEM
Tema 10. CuHTe3
10.|HaHo4YacTuy B 7 11 Egﬁ;g;gﬁ;iy'( 10 KONNOKBUYM
HaHopeakTopax
Tema 15.
HaHomatepwuanbl ans
OVOHAHOTEXHONOT N,
MeOVLNHBI.
HaHodhapmakonoruns u noaroToBka K
15.|HaHOnekapcTea. 7 18,19 |KOHTpONbHON 10 KOIngOJ'IbHaﬂ
BesonacHocTb 1 pycku paboTte pabota
NCNONb30BaHUS
BEWECTB B
HaAHOANCMEPCHOM
COCTOSHUN
Wtoro 30

5. O6bpa3oBarenbHble TEXHONOIMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

Mpu n3yyeHnn gucumnnmHel "OyHKUMOHANbHbIE HAHOMaTepPUabl 1 TEXHONOTMK UX NoNy4YeHns"
npepycMaTpmBaeTcs pa3dbop KOHKPETHbLIX CUTYaLIMiA, OCHOBAHHbIX HA NPAKTUYECKMX NpUMepax;
NCMNONb30BaHNE KOMMbIOTEPHbIX MPE3eHTauunii NEKLMOHHOro Matepuana.
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6. OLueHOUYHble cpeacTBa OJisl TEKYLLLEro KOHTPONS yCrneBaeMoCTU, NPOMEXYTOUHOM
aTTecTauum rno UToram OCBOeHUs UCLUNIMHBbI U yuebHO-MeToauueckoe obecneueHne
CaMOCTOsITe/IbHOW paboTbl CTYAEHTOB

Tema 1. HaHOCprKTypr, HaHOMaTepwualibl U HAHOTEXHOJIOrMu. OCHOBHbIE MOHATUSA U TePMUHbI

Tema 2. Knaccudomkaumsa HAHOO6EKTOB U HAHOCTPYKTYP. MeToabl CUHTE3a, CTPYKTYpA,
CBOMCTBa, TeopeTnyeckme Mooenu.

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

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

Tema 5. OnTUyeckue 1 aNeKTPoHHble CBONCTBA HAaHOCUCTEM
KONMOKBUYM , MPUMEPHbIE BONPOCHhI:

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

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

Tema 9. Mpoueccbl camoopraHn3auumm u camoc6opku B HaHocuctemax. [BuXyLLme cunbl
camoopraHusauum

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

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

Tema 11. MeTtoabl nutorpacmmn, 0CO6eHHOCTU U CpaBHUTE/NbHbIE XapaKTepUCcTUKn

Tema 12. MeToObl UCCNenoBaHUsl HaHOMaTepuanos

Tema 13. O6nacTv npuMeHeHUs HaHOMaTepuanos. HaHoMexaHu3Mbl U1 HAHOYCTPOMCTBA
Tema 14. HaHo3nekTpoHuka. CoBpeMeHHble TpaH3ucTopbl. MonekynsipHas aneKTpoHUKa

Tema 15. HaHomaTtepuanbl gns 6MoHaHOTEXHONOrUKM, MeguumHbl. HaHodbapmakonorus u
HaHonekapcrtBa. beaonacHOCTb U PUCKM UCNOMb30BaHUS BELLLECTB B HAHOOUCNEPCHOM
COCTOSIHUN

KOHTpoNbHas paboTta , NpUMepPHbIE BONPOCHI:

Bonpochkl k KoHTponbHOM paboTe: 1. MeToapl nccnenoBaHus HaHoMmatepuanos. CkaHupyowas
30HL0Bas MUKPOCKOMNUS: CKaHpYyoLWas TYyHHeNbHas U aToMHO-CMNoBas Mukpockonus. 2. Metoabl
nccnenoBaHusa HaHomatepuanos. CnekTPoOCKONMYeckne MeTobl: PpagnocnekTpoCKonus,
MUKPOBOJIHOBAsA CNEKTPOCKOMNUSA, A0EPHbIA MAarHUTHbIN 1 3NEKTPOHHbIN NapaMarHUTHbIA pe3oHaHc. 3.
MeToabl uccnenosaHuns HaHomatepuanos. VK n KP cnektpockonus, peHTreHoBcKas u
poTO3NEKTPOHHAS cnekTpockonus, MeccbayapoBckas cnekTpockonus. 4. MeTonbl uccnenoBaHms
HaHoMmatepuanos. dunpakumnmoHHble METOAbI: ANpakuns aNeKTPOHOB, peHTreHorpadus. 5.
Be3onacHOCTb 1 pUcky NCNONb30BaHWS BEWECTB B HAHOANUCNEPCHOM COCTOSIHUM.

Tema . UToroeasi popma KOHTpons

[MprMepHbIe BONPOCHI K 3a4eTy:

CamocTtositenbHas pabota ctyneHtos (CPC) Bkntoyaet cnefytowme BMabl:

- N3y4YEeHNE TEOPETNYECKOrO NEKLIMOHHOMO MaTepmnana;

- npopaboTka TeopeTUYeckoro matepuana (KOHCNeKTbl NEKLNA, OCHOBHAS 1 OOMNOHUTENbHASNA
nuteparypa).

Bonpocsbl K 3a4eTy:

1. HaHOCTpyKTYpbl, HAHOMaTepuranbl © HAHOTEXHONOrMN. OCHOBHbBIE MOHSATUS N TEPMUHDI.

2. Knaccndpukaums n Tunbl HAHOCTPYKTYP.
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3. TybynsipHble HAHOCTPYKTYpbl. MeToabl MONy4eHusl, CBONCTBA.

4. YrnepognHbole HaHOTPYyOkn. MeToabl cMHTE3a. B3anMoCBSA3b CTPYKTYpbl 1 CBOWCTB.
5. 1ByMepHble HAHOCTPYKTYpPbl. DU3NYECKNE N XUMUYECKE METOObl OCAXAEHWS.

6. OnTnyeckme n aneKkTPoHHblIe CBOMCTBA HaHoYacTuL,. HaHo4acTuLbl MeTannos.

7. MarHuTHble ceoricTBa HaHovacTumu. MarHuTHble HaHoMaTepuansbl.

8. MexaHu4eckue cBoncTea HaHocucTeM. HaHOKOMMNO3UTHI.

9. MeToAbl CUHTE3a HAHOCTPYKTYP U HAHOMATepPManos.

10. dn3nyeckne MeToabl CUHTE3A HAHOCTPYKTYP.

11. XumMnyeckme Metoabl CUHTE3a HAHOCTPYKTYP.

12. Mpoueccbl camoopraHnsauum n camocbopku B HAHOCHMCTEMAX.

13. OBuxywme cunbl camoopraHmsaumm. KoHcepsatveHas U guccunaTBHas caMoopraHnsaums.
14. CUHTE3 HaHOYacTuL B HAHOpeakTopax.

15. Metoabl HaHONMTOrpacum, 0OCOBEHHOCTN N CPABHUTENbHBIE XapPakTEePUCTUKMN.
16. MeTonbl nccnenosaHnsa HaHomaTepuasnos. JdudpakumoHHbIe MeTOObI.

17. MeTtonbl nccnepnosaHns HaHomaTepuanos. MeTonbl MUKPOCKOMUK.

18. MeTonbl nccnenosaHna HaHoMmaTepuanos. MeToabl CNEKTPOCKOMUN.

19. ObnacTv npuMeHeHMsa HaHoMaTepunanos. NpuMepbl CNONb30BaHMS.

20. HaHOMexaHW3Mbl 1 HAHOYCTPOWCTBA.

21. MnKpo- 1 HaHO3NEKTPOMEXaHNYECKNE CUCTEMbI. MUKPO- 1 HAHOTPUBONOrUns.
22. HaHoycTpolictBa ansi npeobpasoBaHust aHeprun. Tunbl akTHOaTOPOB.

23. HaHoanekTpoHuka. CoBpeMeHHbIe TPaH3UCTOPbI.

24. MonekynsipHas anekTpoHuKa, NpuMepbl YCTPONCTB.

25. Matepuanbl ons 6MOHAHOTEXHONOTUN.

26. HaHomaTepuanbl 1 HQHOUHCTPYMEHTbI AN MEANLUHBbI.

27. be3onacHoOCTb 1 pUCKK UCNONb30BaHWS BEWECTB B HAHOANCNEPCHOM COCTOSHUN.
28. NepcnekTuBbl 1 NPObNeMbl Pa3BUTUS HAHOTEXHONOTUIA.

BuneTtsbl Kk 3ayery:

Buner 1

1. TybynsipHble HaHOCTPYKTypbl. MeToabl Nony4eHus, CBOMCTBA.

2. MeToabl nccnenoBaHns HaHoMmaTepuanos. JudpakumMoHHbIE METOAbI.

bunert 2

1. MarHuTHble cBOMCTBA HaHo4YacTul. MarHUTHble HaHOMaTepuansl.

2. Mpoueccbl camoopraHnaaunm n camocbopky B HAHOCKUCTEMAX.

bunet 3

1. HaHOCTpyKTYpbl, HAHOMaTepuWasnbl N HAHOTEXHONOTMU. OCHOBHbBIE NOHATUS N TEPMUHDI.
2. MeTonbl HaHONUTOrpadhun, 0COBEHHOCTN 1 CPaBHUTENbHbBIE XapaKTEPUCTUKNA.
bunet 4

1. OnTnyeckmne n aneKkTPoHHbIE CBOMNCTBA HAHOYACTUL,. HaHo4YacTMLbl METaNNoB.
2. MNepcnekTnBbl M NPObneMbl PasBUTUS HAHOTEXHOOTNIA.

bunet 5

1. MeToabl nccnenosaHnsa HaHoMmaTepuanos. MeToabl MUKPOCKOMUN.

2. MexaHn4yeckmne cBocTBa HAHOCUCTEM. HAHOKOMNO3UTLI.

bunet 6

1. Knaccudpukaumsa n Tunbl HAHOCTPYKTYP.

2. Myikpo- 1 HaHO3NekTpoMexaHuyeckme cuctemol. Mukpo- 1 HaHOTprnbonorusi.
bunet 7

1. MeToabl CMHTE3a HAHOCTPYKTYP N HAHOMaTepunanos.
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2. besonacHoOCTb N PUCKMN UCMONb30BaHUS BELWECTB B HAHOOUCMEPCHOM COCTOSHUMW.
Bunert 8

1. dn3nyeckne MeToabl CMHTE3a HAHOCTPYKTYP.

2. Martepuansl ons GUOHAHOTEXHONOT M.

Bunet 9

1. XuMnyeckue MetTombl CMHTE3a HAHOCTPYKTYP.

2. HaHoycTpoiicTBa ons npeobpasoBaHns aHeEPrun. Tunbl akTIOaTOPOB.

Bunet 10

1. YrneponHble HaHOTPyOkn. MeToabl cuHTe3a. B3aumMocBs3b CTPYKTypbl U CBOMCTB.
2. ObnacTtv npuMeHeHNs HaHoMaTepuanos. [MpuMepbl NCNOb30BaHNS.

Bunet 11

1. HaHoMatepuanbl 1 HAHOVHCTPYMEHTbI 41 MEAULNHDI.

2. CMHTE3 HaHo4YacTuL, B HaHopeakTopax.

bunet 12

1. [BuXxyuwme cunbl camoopraHmsaumu. KoHcepsaTvBHas 1 auccunaTmBHas camoopraHnsaums.
2. MonekynapHas anekTpoHuka, NpuMepbl YCTPONCTB.

Bunet 13

1. [IByMepHble HAHOCTPYKTYpPbl. PU3NYECKNE N XMMUYECKNE METOObI OCAXAEHWS.

2. HaHoanekTpoHuka. CoBpeMeHHble TPaH3UCTOPbI.

bunet 14

1. HaHOMexaHu3Mbl 1 HAHOYCTPONCTBA.

2. MeTogbl nccnenosaHnsa HaHomatepuanos. MeToobl CNEKTPOCKOMNUM.

7.1. OcHoBHas nuTeparypa:

1. lonosuH K0.N. OCHOBbI HAHOTEXHONOMMI. [DNEKTPOHHbIN pecypc]. - M.: MawuHocTpoeHue, 2012. -
656 c.

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

2. N'yces A.N. HaHomaTepuanbl, HQHOCTPYKTYPbl, HAHOTEXHONOMMW. [DNEKTPOHHbIV pecypc]. - 2-e
n3g., ucnp. - M.: duamartnut, 2009. - 416 c.

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

3. Pambuamn H.I"., bepésknH A.B. dunsnyeckne n xuMmnyeckmne oCHOBbl HAHOTEXHONOTUIA.
[9nekTpoHHbIN pecypc]. - M.: ®duamatnut, 2009. - 456 c.

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

7.2. [lononHutenbHasa nuteparypa:

1. Kobascu H. BeegeHue B HaHoTexHonoruo M.: BuHowm, - 2007.

2. Cyspanes W.I1. ®U3NKOXMMUSA HAHOKNACTEPOB, HAHOCTPYKTYP U HaHOMaTepuanos. M.: KHUXHbIA
nom 'TIMBPOKOM', 2018.

3. Ceprees I.6. HaHoxumus. M.: KnnxHbiin [lom YHusepcutet, 2009.

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

5.Enucees, A.A. DyHKUMOHANbHBIE HAHOMaTepUuansl: y4ebHoe nocobve ons CTyaeHTOB CTapLmx
KypcoB, obyyatowmxcs no cneumanbHoct 020101 (011000) - Xummsa / A.A. Enucees, A.B. JlykawnH;
non pen. akan. HO. . TpetbsikoBa.?Mocksa: ®uamatnut, 2010.7452 c.:

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PerucrpaumnoHHbli HoMmep 774517 2
Crtpanunua 11 n3 13. 111 y

HEOEH,

AE
HH

A



Mporpamma ancumninHbl "MyHKUMOHANbHBbIE HAHOMaTepUanbl 1 TexHonornu ux nonydexHns”; 04.05.01 dyHpameHTanbHas n npuknagHas
Xumust; npocpeccop, A.H. (npodeccop) BepewarnHa 5.A.

6. EpemuH, B.B. OcHoBbI comaunyeckor xumnn. Teopust: B 2 HacTsx [DNeKTPOoHHbIN pecypc] : y4ebHoe
nocobve / B.B. EpemuH, C.W. Kapros, N.A. YcneHckas. ? 9nekTpoH. faH. ? M. : 'JlabopaTopus
3HaHuit' (paHee 'BMIHOM. NTabopatopusi 3HaHwuiA'), 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 [SnekTpoHHbI pecypc] - http://www.unep.org

8. MarepumanbHo-TexHU4YecKoe obecrneyeHne oUCLUNAUHbI(MOAYNSA)

OcBoeHMe ONCUMNANHDI "CDyHKLl,I/IOHaJ'IbeIe HaHoMartepwuanbl N TEXHONOruM nux nonyyeHns"
npennonaraeTt UCnoib3oBaHmMe cnegyoulero MmatepmanbHO-TEXHNYECKOro obecneyeHuns:

I'IepCOHaanan KOMIMbIOTEP N NMPOEKTOP 4/ AEeMOHCTpaunn MNnnioCcTpaTtuBHOro Matepmasna rno BCem
pasnoenam gucumniinHbl.

Mporpamma coctasneHa B cootBeTcTBuM ¢ TpeboBaHnsmm GrOC BIMO 1 y4ebHbiM nnaHoM no
cneumanbHocTh: 04.05.01 "®yHoameHTanbHas n npuknagHas xumms" n cneunanudaumm dusmyeckas
XMMUS .
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