IOy BIIO «IOHEIIKWI HAIIMOHAJIbHBI YHUBEPCHUTET»

®U3UKO-TEXHUYECKHAA ®AKYJIHTET

Kadenpa Teopetuueckoit GDU3MKU U HAHOTEXHOIOTHIA

YTBEPXKJIAIO:

MIPOPEKTOP IO HAYUE
T

PABOYAS IPOTPAMMA YUYEBHOM JUCIHUIIIMHBI
HAHOMATEPHAJIBI U OKPYKAIOIIAS CPEJA: IPUMEHEHUE U

OIIEHKA PUCKOB
HaﬁpaBneHHe MOATOTOBKH: 28.04.03 Hanomatepuais
Marucrepckas nporpamma: Hanomarepuaiisl 1 HAaHOTEXHOJIOTHA
O6pazoBarenbHas mporpamma: aKajZieMu4ecKasi MarucTparypa
KBanu¢ukanus: MarucTp
®opma obyuenus: OYHasl, OYHO-3a09HAs, 3a09HAs

Jonenx 2020



IIporpamma cocraBieHa ¢ yderoM (DejepanrbHOTO TroCyAapCTBEHHOTO 00pa30BaTENHLHOIO
cTaHjapra Beicliero oOpa3oBaHHS — Marucrparypa HanpaBieHHss moarotoBkd 28.04.03
HanoMmatepuanbl, yTBEpKJEHHOr0 mpHKazoM MunHCTepcTBa 00pa3soBaHHs W HayKH PoCCHICKOM
Denepanuu or 22 ceHtadps 2017 r. Ne 966; Ha ocHOBaHMH '0CyapCTBEHHOTO 00pa30BaTeLHOTO
CTaHzapTa BhICHIEro mpogeccuoHansHoro obpasosanus Jlonenkoit Hapommoit Pecny6muxu (IOC
BIIO JTHP) nanpasnenus moxrotoBku 28.04.03 Hanomarepuans! (KBaTM(HKALHS: «MarkcTpy),
YTBEpPXKIEHHOT0 IpuKa3oM Munucrepcra o6pasoBanus u Hayku JIHP ot 28 mast 2020 r. No 85-mr;
Ilopsinka opraHuW3anmuu y4eOHOTO mpomecca B 00pa30BAaTENbHBIX OpPraHU3alHAX —BBICIIETO
npodeccronanpHoro obpasosanus Jlonenkoi HapomHoit PecrnyGmuku, yTBEp:KIEHHOr0 MPUKA30M
MunncreperBa o6pa3oBanus u Hayku JTHP Ne 1171 ot «10» HOsGps 2017 r.; y4eOHOro IiaHa u
OCHOBHO# 0Opa3zoBaTenbHON mporpaMMbl HaHoMarepHanbl ¥ HAHOTEXHONOTHH HAIpABJICHHS
noaroroBku 28.04.03 Hanomarepuansi, pazpaborannsix B [OY BIIO «J[oHenkwii HalMOHATBHBIH
YHHBEPCHUTETY.

Pazpaborunx:

IIpodeccop, nokrop Gpu3-Mar Hayk,

npodeccop kadeaps! TEOPEeTHIECKOH

(bu3KKH ¥ HAHOTEXHONOTHH Munocnasckuit A.I.

ITporpamMma yueOGHOHM NHCLIUILIMHBI YTBEPXKACHA-HA 3acelaHuM KadeIpbl TEOPETUYECKOM
(HU3HKA U HAHOTEXHOJIOTHI
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[Tporoxon Ne 19 ot «11» mons 2020 .

3aB. kadeapsI TeOpeTHYECKOH HH3UKH U HAHOTEXHOJIOTHi Baproxun B.H

I[Iporpamma y4eOHOM IUCHMIUIMHBI 07100peHa y4eOHO-METOJUYECKOH KOMHCCHEH
¢usuKo-TexHIIecKoro daxynprera

Ipotoxon Ne 6 ot «23» mronst 2020 .

IIpencenarens yueGHO-METOIMYECKOM
KOMHCCHH (aKynpTeTa Kotenko B.H.




1. OBJACTb HIPUMEHEHMS U MECTO JUCLUILJIMHBI B YYEBHOM
MMPOLIECCE:

Hucuuumna «Hanomarepuansl U OKpysKaroliasi cpeia: IPUMEHEHUE U OLIEHKA PHCKOBY
OTHOCHUTCS K BapuaTHBHOW dYacTu bnoka 1 «Jucoumiuusbl (MOXYIH)» MO HAIpPaBICHHUIO
noarotoBku  28.04.03 Hanomarepuanbl (Marucrepckas mporpaMma: HaHOMAaTepHaiIbl H
HAHOTEXHOJIOTHH).

JucuumiuHa  peanusyeTcss Ha  (U3UKO-TEXHUYECKOM  QakylnbreTe  Kadeapoi
TEOPETHYECKOH (PHU3NKN M HAHOTEXHOJIOTHH.

Jns u3ydyeHus: TaHHOW yuyeOHOHM AMCUMIUIMHBI HEOOXOJMMBI 3HAHUS, YMEHUS U HABBIKH,
copMUpOBaHHBIE B MPOLECCe W3YYEHHS IpEIMEToB, «BBemeHHe B CIEIHMANTBHOCTHY,
«MatepuanoBe/ieHIe HAHOCTPYKTYPUPOBAHHBIX MaTtepuaioB», «OCHOBBI MPOIECCOB MUKPO U
HAHOTEXHOJIOTHI», Ha TpeipAymeM ypoBHe oOpazoBaHus. COCTOMT W3  MOIYJIS:
«HanoMarepuainsl 1 OKpy>Karomias cpejia: IpUMEHEHNE U OLIEHKA PUCKOBY.

[TonydeHHble 3HAHMS HCIONB3YIOTCS CTYJCHTAMH BO BpEMs BBIINOJIHEHHS Hay4HO-
HCCIIEIOBATEIHCKOW Pa0OThI IPU HAMMCAHUH MAaruCTEPCKOM JUCCepTalvu.

2. CTPYKTYPA JUCHHUIIJIMHBI

Xapaxmepucmuka y4eoHoil OucyuniuHbl

Hanpanenune noarotoBku

28.04.03 HanomaTepuassl

Marucrepckas nmporpamma

HaHOMaTepI/IaJ'ILI 1 HAHOTCXHOJIOTHH

OO6pa3oBarenbHasl mporpaMmma

aKaJleMHUeCcKasi MarucTparypa

Kpanudukanms

Marucrp

KomnuectBo COACPIKATCIIbHBIX MO,Hy.]'ICﬁ

1

JucuummHa o0s13aTeTbHON / BApHATHBHOM
4acTH 00pa30BaTeIbHOMN IPOrpaMMbl

JlucuunimHa BapuaTUBHOM YacTU

®opmel kouTpoIst (MK, sk3amen, 3auer)

3aueT, MOAYJIbHBIH KOHTPOJIb

Mokasatem ouHas (hopma 3ao4Has Gpopma
00y4eHus oOyueHus
KonnuecTBo 3aueTHBIX eAMHUIL (KPEIUTOB) 4 4
I'og moaroToBKu 2 2
Cemectp 3
KonnuectBo yacos 144 144
- IEKIIMOHHBIX 14 2
- IPAKTUYECKUX, CEMHHAPCKUX
- 1a00PATOPHBIX 28 6
- CAaMOCTOSTEJIbHOM paboThI 102 136
B T.4. UHANBHUAYAJIbHOE 33/1aHHE

HenenbHoOE KOMMYECTBO YacoB, 3 8

B T.4. ayJUTOPHBIX 3 8

3.OIIUCAHUE JUCIUIIJINHbI

eau u 3agaun.

Ilens — chopmupoBaTh 3HaHUS O (PHU3UYECKHX CBOMCTBaX, METOJaX IMOJYYCHUS U
MPUMEHEHUSX HAHOCTPYKTYp, a TakKe HaHOMaTepHaJOB Ha WX OCHOBE B CIEIYIOIINX

MCTOANYCCKUX HAITPABJIICHUAX:

® MuKpocTpyKTypa 1 (pu3ndeckre cBONCTBA GyHKIIMOHATIBHBIX ,B TOM YHCIIE,
HaHOKOMIIO3UTHBIX CTPYKTYPUPOBAHHBIX MATEPUAJIOB.

® Jlcnonp30BaHNE HaHOMATCPUAJIOB, MMOJIYYa€MBbIX ITO COBPEMCHHBIM TCXHOJIOTUAM, JJIA
peICHU KOHKPECTHBIX (I)I/IBI/IKO-TCXHI/I‘{CCKI/IX HpO6J’ICM.




® [lepcrniekTUBHBIE HAIIPaBJICHUS Pa3BUTHS METOJIOB MAaTEPUAIIOBEICHUS] HAHOMATEPUAJIOB.
e (opmupoBaHuEe 3HAHMNA M YMEHUH CTYJIEHTOB B OO0JIACTM HAYyYHBIX HCCIEIOBAaHUU IO
HaHOMAaTepHaiam.
3aoauu — chopMupoBaTh Y 00y4aeMbIX:

® 3HaHuA 0 CBOMCTBAX (DYHKIIMOHAIBHBIX, KOMIIO3UTHBIX HAHOCTPYKTYPUPOBAHHBIX
MaTepHaJloB.

® VYMeHHs IPUMEHSTh CBOMNCTBA HAHOMATEPHAJIOB JUIS PEUICHUsT (PU3NKO-TEXHHUECKUX
npo0JeM.

TpeGoBanuss Kk pe3yJbTaTaM OCBOEHUSl AUCHMILUIMHBI: [Ipormecc u3yueHUS AUCHUILIMHBI
«Hanomarepuanbl W OKpyKaromias cpefa: NPUMEHEHHE U OICHKa PHCKOB)» HAalpaBlIeH Ha
dbopMHUpOBaHKHE AJIEMEHTOB CIICAYIOMUX KommeTeHIuid B coorBeTcTBUU ¢ ®I'OC BO PD mo
Hanpasienuto noarotoBku 28.04.03 Hanomarepuanibl 1 OCHOBHOM 00pa30BaTeNbHOM IMPOrPaMMBI
BhICIIErO TpodeccHoHanbHOrO 0o0pa3zoBanus HamparieHus moaroropku 28.04.03 Hanomarepuabt
(MarucTepckas mporpamMma: HaHOMaTepUAIbl U HAHOTEXHOJIOTUH):
a) ynusepcansvuvix (YK):

CriocobeH OCyIIECTBIIATh KPUTHYECKHH aHalnu3 MPOOJIEMHBIX CHTyallud Ha OCHOBE
CHCTEMHOTO TI0AX0/1a, BhIpabaTeiBaTh cTpareruio aeicteuii (YK-1);

Crioco0OeH ynpaBisTh MPOSKTOM Ha BCEX dTamax ero sxusHenHoro ukia (YK-2);

Crnoco0eH OpraHu30BHIBAaTh U PYKOBOJIUTH pabOTOI KOMaH Ibl, BbIpaOaThiBasi KOMaHIHYIO
CTpaTeruio Jisl JOCTKeHus nocraieHHoi nenu (YK-3);

CrnocoOeH ompeneisTh U Pealu30BbIBaTh MPUOPUTETHI COOCTBEHHOW AEATEIHLHOCTU M
CIOCOOBI €¢ COBEPIICHCTBOBAaHUS Ha OCHOBE camoolieHKH (YK-6).

0) oowenpogpeccuonanvnuvix (OIIK):

CrniocobeH CcTaBUTh M pellaTh WH)XKEHEPHbIE M HAyYHO-TEXHUYECKHE 33/a4d B OOJIACTH
MIOJTYYEeHHUSI U UCCIIEIOBAHMS HAHOMATEPHUAIOB M HOBBIX MEXIUCIMIUIMHAPHBIX HANPABICHUN C
UCIIOJIb30BAaHUEM €CTECTBEHHOHAYYHBIX U MateMaTnyeckux moneneit (OITK-1) ;

CriocobeH ympaBiATh JKU3HEHHBIM IIMKJIOM CO3JIaHHSI HH)KEHEPHBIX MPOAYKTOB B
00J1aCTH HAHOTEXHOJOTMH W HAHOMATEpPHAJIOB C YYETOM HKOHOMMUYECKHX, HKOJOTHYECKHUX,
COIMAJIBHBIX | Apyrux orpanuuenunii (OI1K-3);

CriocobeH BBIMOJMHATH HUCCIEAOBAHUS TIPH PELICHUH HWHXXEHEPHBIX M Hay4HO-
TEXHUYECKUX 3ajlad, BKJIIOYas IJJAHUPOBAHWE M TIOCTAHOBKY CIIO)KHOTO JKCIIEPUMEHTA,
KPUTHYECKYIO OIICHKY M HHTepIpeTanuio pe3ynpratoB (OI1K-4) ;

CriocobeH HCNoab30BaTh HMHCTPYMEHTapuil (opmanu3aluyd WHKEHEPHBIX, HAY4YHO-
TEXHUYECKHUX 3a7ay, NPUKIAJHOE TMporpaMMHOe oOecreueHue JUIsi MOJAETUPOBAHUA U
NPOCKTHPOBAHUS 00BEKTOB, cucTeM U mporeccoB (OITK-5) ;

CrniocobeH pa3pabarbiBaTh M aKTyalU3HpPOBAaTh HAYYHO-TEXHUYECKYIO JOKYMEHTAIUIO B
obnactu nonyuenus Hanomatepuanos (OITK-7).

8) npogpeccuonanvuvix (I1K):

HAYYHO-UCCNe006AMENbCKAA OeAMENbHOCHb:

croco0eH (OpMYIHpOBATh 3a/a4yd, CBSI3aHHBIE C peaju3anuell MpoQecCHOHATBHBIX
dynxuuii (IIK-1);

CIIOCOOCH  CaMOCTOSITETPHO TPOBOJHWTH HAYYHO-HCCIENOBATEIbCKHE pabOTHI 10
CO3JIaHUIO,MCCIICIOBAHUIO U PUMEHEHHUIO HaHOCHUCTeM U HaHomarepuaioB(I1K-2);

Croco0eH K aHaJdu3y W OO0OOIIEHHIO PEe3ylIbTaTOB HAYYHO-HCCIIEIOBATEILCKUX PabOT,
MOWCKY M aHalu3y HAay4YHOH M TEXHWYeCKOW WH(pOpMalnuud B 0O0JIACTH HAHOTEXHOJIOTHHA U
CMECXHBIX IIUCHUIIIINH JIs1 HaquOfI,HaTeHTHOﬁ u MapKeTHHFOBOﬁ MOAACPIKKHU IMPOBOAMMBIX
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HCCJIEIOBaHMM, K CAMOCTOSITENIbHOM MOATOTOBKE MyOJMKalMii B OTEYECTBEHHBIX U 3apyOEKHBIX
uznanusx (I1K-3);

CHOCOOCH K aKaJeMU4YeCKOW MOOWIbHOCTH, AaKTHUBHOMY MapTHEPCKOMY YYacTHIO B
pabote 3apyOeXHBIX HAYYHO-HCCIIEOBATENBCKUX JIAOOpaTOpHii BO BpeMsl HAy4YHBIX
CT@KHUPOBOK, a TaKKe IyTEM IMPE3CHTAlMd CTEHAOBBIX M YCTHBIX JOKJIAJO0B Ha HAyYHBIX
koH(pepenmsx (I1K-4);

CHOCOOEH MPEACTABIATh UCTOPUUECKUE 3TAlbl Pa3BUTHS HAHOTEXHOJIOTHUH, BaKHeHIIne
OTKPBITUSI OTEUECTBEHHBIX YUEHBIX, HanOoJee aKkTyalbHble MPOOIEeMbl, CBSI3aHHBIE C CO3JJaHUEM
Y IPUMEHEHUEM HAHOCHUCTEM M HaHoMarepuaioB B Poccuiickoii @enepanuu u B mupe (I1K-
5);

nPOU36800CHIBEHHO-MEXHONI02UYECKAA OeAMETbHOCHIb:

cnoco0eH K Mpo(ecCHOHANBHONW OJKCIUTyaTallud COBPEMEHHOTO OOOpYJIOBaHUS H
npuOOpoB (B COOTBETCTBHH C LEIIMH Maructepckoii mporpammsi) (ITK-6);

CIOCOOCH K COCTAaBJICHUIO METOJMYECKUX IOKYMEHTOB (B TOM 4YHCIE J1abOpaTopHOTro
JKypHaJia) IpU MPOBEACHUH HAYYHO-UCCIIEI0BATEIbCKHX 1 JJabopaTopHbIX pabot (ITK-7);

CIOCOOCH Y4YacTBOBATh B ONTHMHU3ALWU CYIIECTBYIOIIMX METOJUK CO3JAaHUS |
MPUMEHEHHUS HAaHOCHCTEMH HAaHOMAaTEpHAaJiOB JJIsl YCHEIIHOW KOHKYPEHIMH Ha pPhIHKE HAeH U
texHosoruit (I1K-8);

OpP2AHU3AUUOHHO-YRPABIEHYECKAA 0esAMEeTbHOCHLb:

TOTOB K OCYHIECTBICHHIO OPraHU3allMOHHBIX  MEPOIPHATHH 10  pealn3anuu
3aMIaHUPOBAHHBIX HAYYHO-UCCIIEI0BATENbCKUX PabOT, CIOCOOEH KOHTPOJIUPOBATH COONIOICHUE
TEXHUKH 0€30IIaCHOCTH U periiaMenTa BoinosiHenus padot (I1K-9);

CHOCOOEH TMPOBECTU OKCHEPTHU3y HAyYHO-HCCIENOBAaTENbCKUX paboT B olnactu
Hanotexnouoruii (I1K-10);

CHOCOOEH PYKOBOAWTH KYPCOBBIMHU M JIPYTUMH KBaJTHU(PUKAIUOHHBIMH paboTaMu
oOyuaronuxcs (0akanaBpoB) u ctaxkepos (ITK-11);

rOTOB K KOONepaluu C KoJuleraMM M padoTe B KOJJIEKTHBE, K OpraHu3aluu padoThl
MaJibIX KOJUTeKTUBOB ucnonuuteneit ([1K-12);

NPOEKMHAs 0esIMeNbHOCIb:

Croco0eH y4yacTBOBaTh B pa3pabOTKe OM3HEC-TUNIAHOB U OLICHUBATh YKOHOMUYECKYIO
3(pPEKTUBHOCTh M BO3MOXKHOCTh KOMMEpPLUAIN3ALUN HAYKOEMKOH MPOAYKIMH —HaHOCHUCTEM,
HaHOMAaTepHaIoB U u3zeaui Ha ux ocHoBe ([TK-13);

CIOCOOEH  y4yacTBOBaTh B  IOATOTOBKE M pealM3allud  HAyYHBIX IPOEKTOB
pecyOIMKaHCKOTO YPOBHS, a TaAK)Ke MEXAyHapoaHbIX rpanToB ([TK-14).

B pe3ysibTare n3yueHus JTMCHUIJIMHBI CTYAEHT J0JIKeH
3Harn:
— OCHOBBI HAHOJKOJIOTUHU, HAHOMETPOJIOTUU, HAHODHEPTETHKHU;
— CTIIOCOOBI 3KOJIOTHU3AINN TTPOMBIIIICHHOTO TIPOU3BOJICTBA HAa 0a3e HAHOTEXHOJIOTHH.

YMeThb:

— UAEHTU(UIMPOBATh W KOHTPOJUPOBATh HETATHBHBIC BO3JACHCTBUS HA OKPYXKAIOIIYIO Cpemy
MOCPEJICTBOM HaHOTEXHOJIOTHIA;

— MPOBOJUTH aHAJIU3 PUCKA MPUMEHEHHUS] HAHOOOBEKTOB ISl OKPYKAIOIIEH Cpelbl U 3/I0POBbS
yeJIOBEKa.

Baanern:

— METOJIbl UCCIICIOBAHMSI U KOHTPOJISI COCTOSIHUSL OKPY KAroIIel cpepl Ha 0a3e MHHOBAIMOHHBIX
TEXHOJIOTHH;

— HaBBIKM CO3JaHMSI M WCCIEJAOBAaHUS HAHOMATEPUANIOB, MPHUMEHSEMBIX B IKOOMO3aIIMTHBIX
TEXHOJIOTHSIX.



4. COIJEPXKAHHUE JUCHUIIJIMHBI U ®OPMbI OPI'AHU3AIIUU YYEBHOI'O

MPOLIECCA

MopsiakoBbIi
HOMeEp U TeMa

KpaTlcoe CodepKaHME€ TEMbI

Cooeporcamenvnotit modyno «Hanomamepuansl u okpyycarowan cpeoa: npumenenue u

OUEHKA PUCKO8)»
Tema 1. Temneparypa riaBjieHus1, MEXaHUYECKHE CBOMCTBA, XMMUYECKUE CBOWCTB,
OcobenHoctr ONTHUYECKUE CBOMCTBA, AJIEKTPUUECKUE U MAarHUTHBIE

OCHOBHBIX CBOUCTB | cpojicTRa, COpOIMOHHBIE CBOMCTBA

HaHOMaTEpHAJIOB

Tema 2. ["azodaznbrit CUHTE3: CyTb, JIOCTOMHCTBA u HEJIOCTaTKHU.
dusnueckue [Ina3MOXUMUYECKU  CHUHTE3: CyTh, JOCTOMHCTBA M  HEIOCTAaTKH.
METO/IbI YhopsaoueHne HECTEXMOMETPHUYECKUMX COCIMHEHHMHU. MeXaHOCUHTES;
MOJIyYEeHUS Kpuocunres.

HAaHOMAaTEPHUAJIOB

Tema 3. 30J1b-TeNIbHBIA METOH. ['MapoTepManbHBIl CHHTE3 METOJ COBMECTHOIO
XUMHAYECKHE OCaKICHMSL.

MCTOABI CHHTC3a

Tema 4. OcHoBHBIE
METO/IbI
HCCIIENOBAHUSA —
CPaBHHUTEIbHBIH
aHam3

DneKTpoHHass MUKpOcKomnus. JudpakiimonHbie METOIbI.

Tema 5. OcHOBHEBIC
obnactu
MIPUMEHEHUS
HaHOMAaTEPHAJIOB

MamHocTpoeHHe(KOHCTPYKIIMOHHbIE, UHCTPYMEHTAJIbHbIE u
TpUOOTEXHUYECKEMATEPUAIIbI). 3amura OKpY’KaroIen Cpensbl.
XuMHUecKasi MPOMBIIUIEHHOCTh. Marepuanbl ¢ aKTUBHBIMU CBOHCTBaMH.
VYrnepoansle HaHOTPYOKH. SnepHas sHepretuka. MemununHa. Cenbckoe
X03HCTBO. MHKpO- M HAHO JIEKTPOMEXaHUYECKHUE CUCTEMBI.

Tema 6. Borrpocsl

OHaCHOCTI/I, CBA3aHHBIC C Pa3BUTHUEM HT.

0e30macHOCTH OnacHocty, cBsizaHHble ¢ pa3ButueM MHT.
OmnacHocTH, CBSI3aHHBIE C BO3MOXKHOCThIO BOEHHBIX NpuMeHeHud HT u
MHT.
Tema 7. OOmass xapakTepucThka, ocHOBHbIe (opmbl. Ha ocHoBe yrimeposaa
Hano06BeKThL. (bynnepensl, HAHOTPYOKH, anMa3ouIsl U 1p.). Ha MeTamnmnueckoir ocHOBE.

OCHOBHBIE THIIBI

HaHOKOMITO3UTEI U APCBOBUIHBIC CTPYKTYPBI Ha HOJII/IMepHOﬁ OCHOBC€.

Tema 8. Ilepenoc
HO B oprannsme

HcTounuku noctyruieHus; myty nocrymieHus HO B opranusm 4denoBeka;
MU' paLUS HO B OpraHu3me YEeJI0BEKa,;
MeXaHU3Mbl TPOHUKHOBeHUsI HO BHYTpb )KMBOH KIIETKH.

YyeJioBeKa 1
OKpYyKaroleun

cpene.

Tema 9. KoHmenmus onieHKn GMOTOKCUYHOCTH MPOU3BOUMBIX U pa3padaThIBAEMBbIX
buonoruueckue HO. Pe3ynbTaThl OSKCIEPUMEHTOB TIO BBISBICHUIO OHOJIOTHYECKHX
b exTsI, 3h(}PexToB M aHaNIM3 HMEIOIIETOCsS SKCIEPUMEHTAIHHOTO MaTrepHuaa.

co3zxasaeMbie HO

buokunernka HY. [IpoGiema onpeneneHus «103b» U 3aBUCHMOCTH «J103a-
abdex» ms HY. [Toaxoasr k onpeaenennio «1o3b». OU3ndecKkrne OCHOBBI
6uonoruueckoro Bo3zaeiicteust HO.




Tema 10. [IpuHIIMTIBI KOHTPOJISl; HAHOMETPOJIOTHS.

KoHtpoub

HAaHOTEXHOJIOTUN U

HaHOMAaTEPHAJIOB

Tema 11. Onenka OOm1as KOHIIETIMS OIEHKH, aHanu3a U ynpasieHus puckom HO; orenka

pucka pucka HO nnst okpyxaroiiieid cpejibl; OleHKa PUCKa JUIsl YEJIOBEKA; OLIEHKA
pucka crienududeckux npumeHenuit HO;
OIICHKa PpPHCKa OT TMOJHOTO J>KU3HEHHOTO MHKjiIa (IIPOU3BOACTBO,
sKkcrutyaTarusi, yanutoskenue) HO; monubri sxu3nenHbii mukia HO.

TemaTnyeckui miaan

CopaepxarebHbIH MOAYIb. « Hanomamepuansl u okpyscarouwias cpeoa: npumeHenue u

OUEHKA pPUCK08))

KoaunuecTBo 4acoB

Ounasi gopma 00yueHus1

3aounas popma o0yueHust

B T.4. B T.4.
=R = = =
HasBanusi coxepKaTeJbHbIX el = % % e = % %
Mojy.leli u Tem Sl =|8|El5E=E4q 2 =| 8| &5 =|§ =
o E| e| o8 & sqd o S ) o |8 & S &
2l 2|2 5|58 8 | E| E| §|58|8S
) E| &2 8F < 5 B 2|12 3 =3
= M| oo &8 9 = X o | o o | o
g81<els |& g1¢ ¢ =
B3 |= = = |3 e
51 = o =~
Tema 1. Ocobennoctu
OCHOBHBIX CBOMCTB 12 | 1 21 9 12,7 | 0,2 05| 12
HAHOMAaTepPHAaJIOB
Tema 2. Dusuueckue
METO/bI MOITYYEHUS 12 | 1 219 12,7 | 0,2 05| 12
HAHOMATEPHAJIOB
Tema 3. Xumnueckue METOIBI 12 1 5 9 127 | 0.2 05| 12
CUHTE3A
Tema 4. OcHOBHBIE METOBI
HCCIIEIOBaHUS — 12 | 1 21 9 12,7 | 0,2 05| 12
CPaBHHUTEIbHBIN aHAIN3
Tema 5. OcHOBHBIE O0JIACTH
MIPUMEHEHUS 12 | 1 219 12,7 | 0,2 05| 12
HAaHOMAaTEPHAJIOB
Tema 6. Bonpocsl
12 | 1 219 12,7 | 0,2 05| 12
0€30IMacCHOCTH
Tema 7. HaHOOOBEKTEL.
OCHOBHBIE THITBI 12 | 1 219 12,7 1 0,2 05| 12
Tema 8. Ilepenoc HO B
OpraHu3Me YeJoBeKa u 15 | 2 41 9 127 | 02 05| 12
OKpYKarollen cpene. ’ ’ ’
Tema 9. buonornyeckue 15 | 2 41 9 127 | 02 05| 12
addekTsl, coznaBaembie HO




Tema 10. KonTposib
HAHOTEXHOJIOTHH 1 15| 2 41 9 12,6 | 0,1 05| 12
HAaHOMAaTepHaJIOB
Tema 11. Onenka pucka 15 | 1 5 | 12 171 | 01 11| 16
Hmozo no
cooepiricamenvHoMy mooynio | 144 | 14 28 | 102 144 | 2 6 | 136
Bcezo uacoe no mooynro
144 | 14 28 | 102 144 2 6 | 136

S.METOAUYECKHUE PEKOMEHIAINHY JJI51 TPOBEAEHUS JIEKIITMOHHBIX,
INPAKTUYECKHUX U JIABOPATOPHBIX 3AHATHUMU.

TeMbl JIeKIHOHHBIX 3aHATHH

Ne Konuuecmeo
wn Haszeanue memut wacos
1 |OcobeHHOCTH OCHOBHBIX CBOMCTB HAHOMAaTEPHUAJIOB 1
2 |Dusnyeckue METOMBI MOTyYeHHs] HAHOMAaTEPHUAIOB 1
3 [Xumunyeckue meToapl cuHTE3a 1
4 |OcHOBHBIE METO/BI UCCIIEJOBAHUSI — CPABHUTEIbHBIN aHAIN3 1
5 |OcHoBHbIE 007aCTH TPUMEHEHUSI HAHOMATEPUAIOB 1
6 |Bompochl 6e30macHOCTH 1
7 |HarnooObekTbl. OCHOBHBIC THITBI 1
8 [[Tepenoc HO B opranu3me 4enoBeka U OKpYyKaroliel cpeje. 2
9 |buomornueckue 3¢pdexTsi, co3aaBaempie HO 2
10 |KoHTpOJh HAHOTEXHOJIOTUI 1 HAHOMATEPHAJIOB 2
11 |Ouenka pucka 1
BCEI'O 14
Tembl J1a0OPATOPHBIX 3aHATHI
Ne Konuuecmeo
wn Has3zeanue memut ACOs
1 |Cuntes u cBoiicTBa heppOMarHUTHON KXUAKOCTHU 5
2 |CuHTe3 u cBoOilcTBa HaHO-KaTalW3aTOpPOB Ha YrIepOIHOM 5
HOCHUTEJE
3 |CopOrmoHHBIE CBOWCTBA YIIIEPOIHBIX MaTepraioB. CamocOopKa. 5
4 |HanodunpTpanus 5)
5 |DorokaranuTrdecKas OYMCTKA CTOYHBIX BOJ 4
6 |PorokaTamuTHUYECKas OUUCTKA BO3IyXa 4
BCEI'O 28




6. METOAUYECKHUE PEKOMEHIAIIUU 110 OPTAHU3ALIUU

CAMOCTOSTEJBbHOM PABOTHI CTYJIEHTOB.

Opranmaunﬂ CaMOCTOAITEIbHOI paﬁDTbI CTYAEHTOB

Ne
n/n

Ha3zeanue memuwi

Konuuecmeo
uacoe

TeMneparypa 1iaBJIeHUsl, MEXaHUYECKHE CBOMCTBA, XUMUYECKUE CBOKCTB,
ONTUYECKUE CBOMCTBA, MIEKTPUUYECKUE U MarHUTHbBIE
CBOMCTBA, COPOITMOHHBIC CBOMCTBA

9

["azodaznblit CUHTE3: CyTb, JIOCTOUHCTBA u HEJIOCTaTKHU.
[[1a3MOXMMUYECKUA  CHUHTE3: CyTh, JIOCTOMHCTBA M  HEJOCTaTKH.
YopsaoueHue HECTEXMOMETPUUYECKMX COCIUMHEHHUH. MexXaHOCHHTES;
Kpuocunres.

30J1b-TeILHBIN MCTOA. FI/II[pOTepMaJ'IBHHﬁ CHHTC3 MCTOA COBMCCTHOI'O
OCaAXICHUA.

DJIEKTpOHHAss MUKpOcKomusl. Judpakiimonasie METOIbI.

MatmHocTpoeHue (KOHCTPYKIIMOHHBIE, MHCTPYMEHTAJIbHbIE u
TpUOOTEXHUYECKEMATEPUAIIbI). 3amura OKpY’KaroIeu CpEBbl.
XuMHUecKasi MPOMBIIUIEHHOCTb. MaTepuaibl ¢ akTUBHBIMU CBOHCTBAMU.

OnacHocTH, cBA3aHHbIE ¢ pa3BuTueM HT.
OnacHOCTH, CBSI3aHHBIE C BO3MOYKHOCTBIO BO€HHBIX npuMeHeHuil HT u
MHT.

OOmass xapakTepucTuka, ocHoBHbIe (opmbl. Ha ocHoBe yriepona
(pynnepensl, HAHOTPYOKH, anmMa3zouabl U 1p.). Ha MeTannndeckoir ocHOBE.
HaHOKOMIIO3UTHI M JPEBOBUAHBIE CTPYKTYPBI HA MIOJIMMEPHON OCHOBE.

VcTounuky noctymiaeHus; nytu nocryrmienus HO B opranusm uenoBeka;
MUTPALIV HO B opraHusme YEIJIOBEKA;
MeXxaHU3Mbl TPOHUKHOBeHUSI HO BHYTpPb KUBOI KJIETKH.

KoHuenmus oneHKkn OMOTOKCUYHOCTH MPOU3BOAUMBIX U pa3pabaThIBaeMbIX
HO. Pe3ynbraTbl 5KCIEPUMEHTOB 110 BBISBIEHUIO OHOJOTHYECKUX
hG(HEKTOB M aHaIM3 MMEIOIIErocs HKCIEPUMEHTAIbHOTO MaTepuaa.
[Tpobnema ompeneneHus «103bD» U 3aBUCUMOCTH «103a-3ddexr» mms HY.
[Toax0/abI K ONPEIECTICHUIO «T03bD».

10

[ [pUHIMIIBI KOHTPOJIS; HAHOMETPOJIOTHSL.

11

OOmrast KOHIENIUs OLEHKH, aHamu3a U ynpasieHus puckom HO; orenka
pucka HO s okpyxarolein cpenipl; OLIEHKa PUCKa I YEJIOBEKa; OLICHKa
prcka cnenuduueckux npumenenuit HO;

OLICHKa pHUCKa OT TIOJHOIO JKHU3HEHHOTO IUKiIa (TPOU3BOACTBO,
DKCIUTyaTanus, yauuroxxenue) HO;

12

BCET'O

102

7. ”HAUBUIYAJILHBIE 3AJAHUSL.

TeMbl 1151 BbINOJHEHUS] HHAUBUAYAJTbHOM PadoThl

1. VYrueponaHsie HaHOTPYOKH.
2. Snepnas suepreruka. Meauunna. Cenbckoe X034iCTBO.
3. MHUKpO- U HAHO SIEKTPOMEXAHHIECKUE CUCTEMBL.
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4. HaHOKOMIIO3UTBI M JPEBOBHIHBIE CTPYKTYPhI HA MOJMMEPHOIl OCHOBE.
5. ®wusuueckue ocHOBBI OHoJIOrHUecKkoro Bo3aekcTrus HO.

6. OnacHocTH, cBsi3aHHBIC ¢ pa3ButreM MHT.

7.buoknnernka HY.

8. [Tomubi xu3HenHsii nuki HO.

8. OBPA3EIl TECTOBOI'O 3AJAHUA K TIPOMEXKYTOUYHOM ATTECTAIIAM

1. OOuue 3aKOHOMEPHOCTH OPraHU3aLUU KU3HU U3Y4aeT:
a) UHXKEHEepHask HKOJIOTUS;
0) 00111ast SKOJIOTHS;
B) OMO3KOJIOTHSI.

2. HaHOTEXHOJIOTMHU MO3BOJISIOT OCYIIECTBIIATH MAaHUIYJISILIUH C BELIECTBOM B MacuITale:
a) 102
6) 10°;
B) 1079;

3. Pa3zmepHbIii 2pPeKT:
a) 3aKJIIOYaeTcsi B OTCYTCTBUU COOTBETCTBYIOIETO DPABHOBECHOTO COCTOSIHUSA B
HaHOMETPOBOM MacIlTade;
0) KOMIUIEKC SIBJICHH, CBS3aHHBIX C W3MEHEHHEM CBOWCTB BEIIECTBA BCJE/ICTBUE
COOCTBEHHO H3MEHEHHS pa3Mepa 4YacTULl U OJHOBPEMEHHOTO BO3paCTaHUs J0JIU
MTOBEPXHOCTHOT'O BKJIa/1a B O0IIME CBOMCTBA CUCTEM;
B) 3TO TUIa3MOHHBIN PE30HAHC B HAHOYACTHI[AX.

4. Ilpencka3zan nosiBJICHUE HAHOTEXHOJIOTUIA:
a) P. deiinman;
0) x. Maxkcser;
B) A. DiiHIITElH;

5. K xako#i rpynme MeTo10B IOIy4YeHUss HAHOMAaTEepUaIOB OTHOCUTCS 30J1b-T€JIb TEXHOJIOTHS:
a) ¢pusnyeckue;
0) HUCXOSIINE TEXHOJIOTHH;
B) XUMHYECKUE.

6. IIpon3BOJICTBO, IPU KOTOPOM IOJT IeHiCTBUEM (PU3UKO-XUMHUECKUX CHJII TPOMCXOIUT

«camMocOOpKa» KOMIIOHEHT Ha3bIBACTCSL:
a) BOCXOJISIIIIUMU TEXHOJIOTHSIMU
0) HUCXOAIIMMHU TEXHOJIOTHSMH.
7. bonee ycpeAHEHHYIO KapTHHY paclpeieNeHUs pa3MepOB YaCTHI] 1a€T METOJ:

a).PCA, 6). TIDM.

Kpurtepun oneHuBaHus MOAYJIbHOT0 KOHTPOJISI

Homep 3a0anusn Konuuecmeo 6annoe
3aganue 1 10
3anganue 2 10
3amanue 3 10
Bcezo 30

9. TEOPETUYECKMUE BOIIPOCHI K 3AYETY U KPUTEPUU OLIEHUBAHMUAA)



20.
21.
22.
23.

24.
25.
26.
27.
28.
29.
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Teopemuuecxue 60RPOCHL K 3aueny

Uctopus pazsutus HT. 10 karoueBbIX HaHOMATEpUAJIOB.

Haiite orpezeNeHus HAHO3KOJIOTHS, HAaHOHAYKa, HAaHOTEXHOJIOTHS,
HaHouHXkeHepusi. OCHOBHBIE 3TaIlbl Pa3BUTHUA.

Teopus doppectepa, NPOrHO3, CLICHAPUU PA3BUTHS LIUBUIN3ALINH.

Konuenmus ycToiuyuBOro pa3BuTHs, IN100anu3amusl.

Poct »oskomormueckoro o0pa3oBaHUS W pPa3BUTHE HAHOTEXHOJOTHH  Kak
BO3MOXXHOCTh BBIX0/1a U3 TNI00ATLHOTO KpU3HCa.

Jlexmapanusi OCHOBHBIX HpuHIUNOB KoHTpoiss HT: mpenocTopoxkHOCTS,
periaMeHTHpOBaHUE, OXpaHa 3J0pOBbS U 0E€30MaCHOCTh HACEJIEHUs, OXpaHa
OKpY>Karollel cpenbl, OTKPBITOCTh, y4acTHe OOIECTBEHHOCTH, YUeT BO3/CICTBHIA,
OTBETCTBEHHOCTb.

HanomeTtpouorus.

Hanodunpsrparusi.

doTokaTalIUTHYECKasi OYUCTKA CTOYHBIX BOJI.

. DoTOKaTAIMTHYECKAs! OYHCTKA BO3/IyXa.

. HT u Ge3omacHOCTh — OCHOBHbBIE TEHACHLUH.

. OcHOBHBIE 00J1aCTH IPUMEHEHNSI HAHOMATEPHAJIOB.

. OnachHocru, cBsa3anHble ¢ pa3Butuem HT.

. OnacHocTH, CBA3aHHBIE C pa3BUTHEM MOJICKYJISIPHBIX HAHOTEXHOJIOTHH.

. HanotexHosnoruu ass 6€300acHOCTH.

. HaHOTEeXHOJI0THH B DKOJIOTHH.

. OnacHocTH, CBS3aHHBIE C BO3MOKHOCTBIO BOCHHBIX npuMeHneHuit HT.

. Ocobennoctu HO, cTpykTypa, pa3MepHblii 1 KBAaHTOBO-MEXaHUYECKUN dPPEKTHI.

. OcHoBHBIE 00BeKTHl Oe3zomacHocTH: HM Ha ocHoBe yriepoaa (¢yiiepeHbl U

HaHOTPYOKM), Ha METaJUIMYeCKOH M MOJMMEpPHOH OCHOBE, HAHOKOMIIO3UTHI M
JIPEBOBUHBIE CTPYKTYPHI.

Wctounuku u nytu nocrymienuss H4 8 OC u opranusm yenoBeka.

Murpanus HO B oprannzmeuennoBexa.

Mexanu3msl npoHukHOBeHUs: HO BHYTpb KMBOH KJIETKH.

buonoruueckue s3ddextr, coznaBaemblie HO (coctosiHue paboT, pe3ynbTaThbl
HKCHIEPUMEHTOB).

[Ipobnema onpeneneHus «103b» U 3aBUCUMOCTH «103a-3¢dex» s HY.
duznyeckue 0CHOBBI Oroornueckoro Bozaeiictaus HO.

OO11ast KOHIENIMs OLIEHKH, aHaIK3a U ynpasieHus puckom HO.

Onenka pucka HO 11 okpyskaromieil cpeibl 1 ueaoBeka.

Onenka pucka crenupuyeckux npumeHernit HO.

OneHka pucKka OT IOJIHOTO >KM3HEHHOIO LHUKJA (TPOM3BOACTBO, JKCIUTyaTallMs,
yanuroxenue) HO.

3ayeTHas paboTa BKIIIOYAET TPU 33JaHUS, 32 KOTOPHIE CTYACHT MOXKET OJTyInTh Max 50

OaJLIOoB.

Kpumepuu oueHueanun zauema



IIo kypcy

«HaHnomarepuaibl

Homep 3a0anusn Konuuecmeo 6annoe
3aganue 1 15
3aganue 2 15
3amanue 3 20
Bcero 50 amioB

11 KPUTEPUU OLNEHUBAHMUSA

12

U OKpyXKarolas cpefga: MPUMEHEHHE U OLIEHKa pPHUCKOBY

MPEIOJIaracTcs IMPOBEJACHUE MPOMEKYTOYHOM aTTeCTallMd B BHUJIE MOJYJIBHOTO KOHTPOJIS,
BBITIOJTHEHUE WHIUBUAYATBHONW pabOTHI M 3adyeTa. 3a4eT CHAIOT CTYACHTHI C IENBI0 MOBBIMICHUS

peuTHhHra.
Pacnpeoenenue 6annos, Komopwvie MozZym noJiy4ums cmyoeHnvl
6 npoyecce u3yueHus OUCYUNIUHbL
Opranu3anuoHHo CPC Bcero

y4eOnasi pabora NupuBuayansbuas | MoayabHblii | MaauBuayaabHas

CTyACHTA pabora KOHTPOJIb |TBOpYecKasi padora
Max 10 6annoB max 5 6aioB max 30 max 5 6aioB 100 Gamnnos
0asioB
LlIkana coomeemcmeusn 6an106 HAYUOHATLHOU WIKATIE
Ouenka Ouenka no OueHka 1o rocy1apcTBeHHOM 1IKaJje Ouenka nmo
no mxkaje | 100-6anabHoi (3x3ameH, Tu¢depeHINPOBAHHBII 3a4eT) rocy/iapcTBeHHOM
ECTS mKaJje mKaJje (3ayer)
A 90-100 5 (OTIU4YHO) 3a4TEHO
B 80-89 4 (xoporo) 3a4TEHO
C 75-79 4 (xoporo) 3a4TE€HO
D 70-74 3 (yIOBIETBOPUTEIHHO) 3a4TE€HO
E 60-69 3 (YAOBIETBOPUTEINBHO) 3a4TEHO
FX 35-59 2 (Hey10BJIETBOPUTEIILHO) HE 3a4TEHO
C BO3MOXHOCTBIO TOBTOPHOM CHa4H
F 0-34 2 (Hey10BJIETBOPUTEIIBLHO) HE 3a4TEHO
C BO3MOXKHOCTBIO TIOBTOPHOM ClIa4¥l P YCIIOBUN
00s13aTeNbHOTr0 HaA0Opa JOMOIHUTENBHBIX OAJIIOB

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE YYEBHOI'O
MMPOLECCA.

JIeKIIMOHHBIE U MPAKTUYECKHE 3aHATHS M0 yueOHOW aucuuruimHe «HaHomaTepuansl u
OKpYyXKarolllas cpeia: MPUMEHEHUE M OlLIEHKa PUCKOB)» MPOBOAATCA B ydeOHOH naboparopuu
Ne016 «®Puzuka moOIYNpoBOAHUKOBY. OOOpymOBaHa KOMIUIEKTOM Yy4eOHOW Mmebenn Ha 18
MOCAJI0YHBIX MECT, KOMIUIEKTOM pabo4yero Mecra MpernojaBareds, MeJIoBOH pgockoil. B
KommbloTepHOM Kiacce Ne304, o0opynoBaHHBIM KOMIUIEKTOM YyueOHOW Mebenn Ha 28
MOCAJOYHBIX MECT, KOMIUIEKTOM pal0odero Mecra IMpernojaBaTens, JOCKOW MeJIOBOH,
KOMITbIOTEpHI B KomIuiekTe (10 mT), ¢ TUIeH3MOHHBIM IPOTrpaMMHBIM 00ecieueHHEM, JOCTYIIOM
Kk cetu MHurepher, 1 cereBoil kommytarop, 1 wi-fi poyrep, 1 MynpTuMeauitHbii mpoekTop, 1
9KpaH TepeHocHOM. B  y4eOHoW saboparopuu «eKTpoHHOW MuKpockormum» Ne313,
000pyIOBaHHON KOMIUIEKTOM y4ueOHOH MeOenu Ha 6 MOCaJoYHBIX MECT, KOMIUIEKT pabouero
MecTa mpenojaBarens, 1 HOyTOyk, 1 DneKkTpoHHBIH MHKpockon BakyyMmHbIH-100JIM, 1
Muxkpockon Meramtorpapudeckuii-7, 1 Bakyymmerp uoHM3anMOHHO-TepMomnapHbi-2AIl,
1BakyyMHBIi yHHBEpCaJIbHBIN MTOCT-4.
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CamocrosTenpHast paboTa CTyJIGHTOB MPOXOAUT B unTaIbHOM 3aiie Ne 3 aBTopedepaToB 1
JUCCepTaluii, YKOMIUICKTOBAaH KOMIUIEKTOM ydeOHoW wmeOenmu Ha 50 mOCagodyHBIX MECT,
OCHAIIICH KOMITBIOTEPOM B KOMIUIEKTe (2 IMIT.), pacmojioxkeH Mo azapecy . JloHemuk, mp.
Tearpanbubiii, 13, ka6. 106.

WnnuBuayanbHble UM TPYNIOBBbIE KOHCYJIbTAlMM  CTYJAEHTaM JJsl  MPOBEACHUS
CaMOCTOSITENIbHOW Pa0OThl MPEOCTABISAIOTCS B KaOuHeTe Kadeapbl TEOpeTUYecKor (GHU3UKU U
HAHOTEXHOJIOTUH, YKOMIUIEKTOBAHHOM KOMIUIEKTOM MeOenu Ha 12 mocaoyHBIX MecCT,
OCHAILLIEHHOM KOMIIBIOTEPOM B KOMIUIEKTE (1 IIT.), IPUHTEPOM, CKAHEPOM, PACIIOIONKEHHOM II0
anpecy r. loneuk, np. Tearpanbnsiii 13, aya. 256.

13.  PEKOMEHJOBAHHAS JIUTEPATYPA

Koa-Bo Hamnumue

Ne IK3EMILISAPOB | JIEKTPOHHOM
HaunmeHnoBanme

n/n B Ou0JMoTeKe BEpPCHHU B

TlonHY IBC

OcHognasa n1umepamypa

1. Munocnasckuii A.l. HanomaTtepuansl 1 OKpysKaromas
Cpela:NpUMEHEHNE U OLEHKA PUCKOB (DJIEKTPOHHBII +
pecypc) yaeoHo-MeToa.mocooue/A.I. MunocnaBckuii.-J1.0

2. Tepexo C. B. ®wusuka HaHOOOBEKTOB: [ydeOHOE
nocobue] / C. B. Tepexos, B. H. Baproxun; I'OY BIIO 4
«douHY» - onenx: JouHY, 2013. — 418 c.

3. I'yces A. W. HaHomarepuanbl, HaHOCTPYKTYpBHI,
nanorexnonoruu / A. U. I'yceB. — U3a. 2-e. — Mocksa: 6
®usmataut, 2009. — 414 c.

4. HanoTtexHomorun M cneuuanbHble MaTepuaybl : yudeo.
nocodue g CTYAEHTOB BY30B, O0OydYaroIIMXCS IO
HanpasieHuto noarotoBku 140140 - Texn. ¢usuka / 1O.
I1. Conuues, E. U. Ilpsaxun, C. A. Bonorxkanuna, A. II.
ITerkona ; mox pen. FO. I1. Conurnesa. - Cankr-IletepOypr
: Xummsaart, 2009. - 334, [1] c.

5. Munocnasckuid, A. I'. KoHcnekT nekumii mo Kypcy
"Paguamnuonnas skonorus”" / A. I'. Munocnasckuii ; [OY
BIIO "JloHeukuii HalMOHAJIBHBIM yHHUBEpPCUTET'. -
Homnenk : JorHY, 2017. - 390 c.

Honoanumensnas numepamypa

6. Munocnasckuii, A. I'. KoHcmekT nekuuii mo Kypcy
"OCHOBBI ITPOIIECCOB MUKPO- U HaHOTexHosorui" / A. T
Munocnasckuii ; 'OY BIIO "Jloneukuil HalMOHAIBHBIN
yauBepcutet'. - Jloneuk : JlonHY, 2018. - 246 ¢

7. 3aiiueB, C. HO. CymnpamoliekyssipHble HaHOpPa3MEpHBIE
CUCTeMBl Ha TpaHulle pasfaena ¢a3 : KOHIENIHH U
nepcneKkTuBsI i Ouonanotexnosoruii / C. 0. 3aiines. -
Mocksa : URSS : JlesAH/I, 2010. - 202 c.

8. Wpannupi, H. II.  Pa3mepubie  sddextsr B
HAaHOKPHUCTAUIMYECKUX  MaTepuaylax  [DNEeKTpOHHBIN
pecypc] : JUTSE CTYJICHTOB, aCIHUPAHTOB,
CHELUATM3UPYIOIUXCS. 110 HAIPaBJICHUIO IOATOTOBKHU 1 +
030402 «puszuka» ¥ cHenuagIucToB B 00JaCTH (DU3HKHU
KOH/ICHCUPOBAHHBIX Cpe/l, TEOpPEeTUYEeCKOH (U3MKH U
nanotexHosoruid. / H. TI. iBanuneiH, C. B. Tepexos, B.
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M. Opuenko ; 'OY BIIO "JloHeukuil HanuOHaIbHbBINA
YHHUBEpPCUTET", PU3UKO-TEXHUYECKUN
dakynerer,Kadeapa  TeopeTmueckoit (1071637097 SN '
Ha"HoTtexHojoruii. - Jlomenxk : JomHY, 2019. -
DNIEeKTPOHHBIC TEKCTOBBIC JaHHbIE (1 daiin).

9. Hano- 1 MukpocuctemMHasi TEXHHUKA : OT UCCIEAOBAHUMN K
paspaborkam / moxm pexa. II. II. MansneBa. - M. : 2
Texnocdepa, 2005. - 589 c.

10. | Maprunec-/yapr, J>x. M. HaHOTEeXHOIOTHUHU JIsI MEKPO-
u onrroaniektponuk / Jx. M. Maptunec-Iyaprt, P. JIx.
Maprun-Ilanma, ®@. Arymio-Pyena ; nep. ¢ anri. A. B. 1
XayosHa ; nox pen. E. b. SIkumosa. - U31. 2-e. - Mocksa :
Texnocdepa, 2009. - 367 c.

11. |IlomydyeHue ¥  HCCICNOBAaHHE  HAHOCTPYKTYP
1a0b0PaTOPHBIN MPAKTHUKYM 110 HAHOTEXHOJIOTHSIM / [A. A.

EsnmoxumoB u ap.] ; mox pen. A. C. CuroBa. - Mocksa : 3
BMHOM. JIa6. 3uanwuii, 2010. - 146 c.

12. | Cyznanes, U. I1. HanotexHonorus : pu3auko-xumus
HaHOKJIACTEPOB, HAHOCTPYKTYP U HaHOMAaTepuasion / U. 1

I1. Cy3nanes. - 2-e uza. - Mocksa : URSS : JIlubpoxom,
2009. - 589 c.

14, UH®OPMAILIMOHHBIE PECYPCbI
(c yrasanuem nazeanusi u noIHO20 NEKMPOHHO20 Adpeca)
Hayunas snekrponHast 6ubarorexa Www.elibrary.ru.
Caiit xomnannu POCHAHO http://www.rusnano.com/
OopasoBarenbHbie pecypesl «Eaunoe oknoy http://window.edu.ru/window/library
Knuro-nouck. http://www.knigo-poisk.ru

PO

15. NMMPOI'PAMMHOE OBECIHHEYEHMUE (nipu Hanu4yum)
1. Windows 7 PRO (koprioparusHas sunensus JOHHY Ne 46484614);
2. Microsoft Office (kopnopatuBHas nuuensus JOHHY nunensus Ne 46472919);
3. Microsoft Visual Studio (nunensus nporpammbl DreamSpark it BRICIIUX y4eOHBIX
3aBEJICHUN );
4. Jlnnenszun GPL, Apache, BSD mis cBo6onHoTO porpammHoro obecrnieuenusi: FreeLab,
Scilab, Free Pascal, AutuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF

PaGouass mporpamMMa paccMOTpeHa | TepeyTBEep)KIeHa Ha 3aceJaHud Kadeapsl
TEOPETUYECKON (PU3UKU U HAHOTEXHOJIOTHH ¢ u3MeHeHusIMH (6e3 n3Menenuit) Ha 201 roJ.

ITporoxoin Ne or“ 7 20 1.

3aB. xadeapoi

PabGowas mporpamma paccMOTpeHa M TIEpeyTBEep)KIeHa Ha 3acelaHuu  KadelIpbl
TEOpeTU4eCKON (PM3UKU U HAHOTEXHOJIOTUH ¢ U3MEeHEeHUsIMHU (6e3 n3meHeHwuit) Ha 201 TOJI.
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ITporokon Ne oT 20 T

3aB. kadempoit
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