TOY BIIO «IOHEIIKA HAIIMOHAJIbHBI YHUBEPCHUTET»

®U3UKO-TEXHUYECKHAA ®AKYJIBTET

Kadenpa Teopernueckoit pU3MKH 1 HAHOTEXHOIOT Ui

YTBEPXJIAIO:
IPOPEKTOP 1O HayYHO-METOAUYECKOH

PABOYAS ITPOTPAMMA YYEBHOM JTUCIHUIIIAHBI
PASMEPHBIE D®®EKTHBI B HAHOMATEPHUAJIAX

Hanpagnenue noarotoBku: 28.04.03 Hanomarepuaist
Marucrepckas nporpamma: HanomaTtepuaisl 1 HAHOTEXHOJIOTHH
O6pa3oBaTenbHas porpamMma: aKaJileMU4ecKas MarucTparypa
KBanudukanus: MarucTp

®opma o0ydeHus: OYHasd, OYHO-3a04Has1, 3a04Has
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IIporpamma cocTtaBineHa ¢ ydetoM (DeepalbHOIO IOCYAapCTBEHHOIO 00pa3oBaTebHOrO
CTaHJapra BeICIIEro o0pa3oBaHHMS — Marucrparypa HampabieHus mnoarotoBkd 28.04.03
HanoMmarepuaibl, yTBepXIEHHOTO NpHKa3oM MuHHCTEpCTBa 00pa3oBaHUs W HAyKH PoCCHifCKOM
®enepanuu ot 22 centabps 2017 r. Ne 966; Ha ocHOBaHMHU ['ocynapcTBEHHOr0 00pa3oBaTEIBLHOTO
cTaHzapra BEICIIEro npodeccroHanbHOro obpasopanus Jlonerxoit Hapopuoit Pecrmy6muxu (I'OC
BIIO JIHP) manpasnenus moxarotoBku 28.04.03 Hanomarepumanbl (kBauduKamus: «Marucrpy),
YTBEP)KICHHOT0 IpuKa3oM Munucrepersa obpasoBanus 1 Hayku JIHP ot 28 mast 2020 r. Ne 85-mm;
[lopsaka opraHusamuu  ydeOHOro mporecca B 00pa3OBaTENBHBIX OPraHMU3AlUsX —BBICIIErO
npodeccuonanpHoro obpasosanus Jonenkoit Hapomnoit PecmyOmuku, yTBEp)IEHHOrO MPHKA30M
MunucreperBa obpasoBanus u Hayku JJHP Ne 1171 or «10» HOs6ps 2017 r.; yueGHOro miana u
OCHOBHOM 00pa3oBaTenpHOM mporpaMMsl HaHoMmMaTepuanbl W HAaHOTEXHOJOTHH HAIPABICHHUS
noxarotoBku 28.04.03 Hanomarepuansl, pazpabotansbix B 'OV BIIO «/loHenxuit HaluOHAIBHBIH
YHUBEPCHTET.

Paspaborunk:
ITpodeccop, nokTop pu3-Mat Hayk,
npodeccop Kapeaphbl TEOPETHYECKOH

(GU3UKH 1 HAHOTEXHOJIOTHIA [Opuenxo B.M.

[Iporpamma yueOHOH AMCIHUILIMHBI YTBEPXK/ICHA HA 3acelaHuH Kadephbl TeOPeTHIECKOH
(u3HKY 1 HAHOTEXHOJIOTHH
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I[Tporoxon Ne 19 ot «11» mons 2020 .
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3aB. xadeapsl TeOpeTHUECKON (HH3UKU 1 HAHOTEXHOJIOTHH c% Baproxuu B.H

[IporpamMma y4e6HOH JUCHMIUIMHBI ONOOpeHa y4eOHO-METOJUYECKOH KOMHUCCHEH
(bU3HKO-TeXHMYECKOTO (haKyIIbTeTa

ITporokon Ne 6 ot «23» mronss 2020 r.

IIpencenarens yueOGHO-METOANYECKOM
KOMHCCHH (aKyabTeTa Kotenko B.H.




1. OBJACTb HIPUMEHEHMS U MECTO JUCLUILJIMHBI B YYEBHOM
MMPOLIECCE:

Hucuumumna «Pa3mepHbie 3¢(dekThl B HaHOMAaTepuanax» OTHOCUTCS K 00sS3aTebHON
gyactu bnoka 1 «Juctunmuael  (Momynw)» 1o HampaBiaeHuto noarotoBku  28.04.03
Hanomarepuains! (MarucTepckas nporpaMmma:; HaHOMaTepHalibl © HAHOTEXHOJIOTHH).

JNucuunnuHa  peanusyeTcss Ha  (U3MKO-TeXHUYECKOM  (Qakynbrere  Kadeapoii
TEOPETUYECKON (PU3UKU U HAHOTEXHOJIOTHA.

Jns u3ydeHus AaHHON yuyeOHOW AMCUMIUIMHBI HEOOXOAMMBI 3HAHMS, YMEHUS M HABBIKH,
copMHpOBaHHBIE B NpOIECCE H3YYEHHUS MPeaMeToB «MOoAeTupoBaHHE MHUKpPO- M HAHO
CTPYKTYp»,  «®PuU3MKa TeTepO3NUTAKCUATIBHBIX HAHOCTPYKTYp», «Marepuaibl U METOIbl
HAHOTEXHOJIOTHIT» Ha MPEABIAYIIEM YPOBHE 00pa30BaHMS.

Cocrout u3 monyns: «PasmepHsbie 3¢ (heKThl B HaHOMaTeprazax».

[Tonmy4yeHHble 3HAaHUS HCHOJB3YIOTCA CTYAEHTAMH BO BpeMs BBIINOJIHEHUS Hay4HO-
HCCJIEIOBATENbCKOM pabOoThI MPU HAMMMCAHUU MaruCTEPCKON JUCCepTaIIH.

2. CTPYKTYPA JUCHHUIIJIMHBI

Xapaxmepucmuka yueOHOU OUCYUNTIUHDL

Hanpasnenue noarotroBku 28.04.03 Hanomarepuasbl
Marucrepckas nporpamMmma Hanomarepuansl 1 HAHOTEXHOJIOTUU
OO6pazoBarenbHasl mporpaMmma aKaJieMHuecKasi MarucTparypa
Kpanuduxanms MarucTp
KosmmuecTBo conepkarebHbIX MOJYJIECH 1
Jucuunnuna 06;13aTen13H0171 / BapuaTUBHOU I e ————
4acTH 00pa30BaTeIbHON MPOrPaMMBbI
®opmel kouTpost (MK, sk3amen, 3auer) DK3aMeH, MOAYJIbHBIA KOHTPOJIb
Mokasatem ouHas popma 3aouyHas popma
00y4YeHHUs 00y4YeHHs
KonnuecTBo 3a4eTHBIX €AMHHUIL (KPETUTOB) 3) S)
I'ox moaroToBku 1 1
Cemectp 2
KonmgecTBo yacoB 180 180
- JTEKIIHOHHBIX 16 2
- IPAKTUYECKUX, CEMUHAPCKUX 32 4
- 1a00paTOPHBIX
- CaMOCTOSITEIILHOM pabOTHI 132 174
B T.4. HHMBHIyaJbHOE 3a/IaHUE

HepnenpHOE KOIMYECTBO YACOB, 3 6

B T.4. ayIMTOPHBIX 3 6

3. OIMUMCAHME JUCHOUIIJINHBI
eau u 3agaun.

Ilens —. 3axm04yaeTcs B IOMYyYEHUH YIIIyOJIEHHBIX 3HAHUN B 00J1acTH (PU3UYECKIX OCHOB
(bOpMHUPOBAHUS CTPYKTYPHI M «OCOOBIX» CBOMCTB HAHOPA3MEPHBIX M HAHOCTPYKTYPHUPOBAHHBIX
MaTepuanoB: (GOPMUPOBAHUU Yy OYIYIIUX CHECIHUATUCTOB YMEHUH IUIS MCIIOJNB30BAHUS ITHUX
ahdexToB mns  co3gaHUS  HOBBIX  (YHKIIMOHATBHBIX MaTEpPHAIOB M TEXHOJOTHH HX
W3TOTOBJICHHUS.

3adaua. nipenanonaraeT TMONYYEHUE YTIYOJICHHBIX 3HAHUN B 00JacTH (PU3WYECKUX H
(UBUKO-XMMHUYECKUX OCHOB (DOPMHpPOBAHUS CTPYKTYPHI M CBONCTB HAHOPA3MEPHBIX CHUCTEM;
CHUCTEMAaTH3aIMI0 CIIOCOO0B M TPUEMOB TOJYyYECHUS] HAHOCTPYKTYPHUPOBAHHBIX MaTEpUAJIOB,
0030p uX (YHKIMOHATBHBIX CBOMCTB, TMOAXOJOB M TMPUMEPOB pa3pabOTOK HOBBIX
(GyHKIIMOHAJIBHBIX MaTEpHalioB, OCHOBAaHHBIX Ha CHEIU(UKE CBOWCTB HAHOOOBEKTOB H
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HAHOCTPYKTYPUPOBAHHBIX CHUCTEM; IMPENOCTABIEHUE CBEIEHUN 00 OCHOBHBIX IMEPCIEKTHUBHBIX
TEXHOJIOTHSIX.

TpeGoBanuss K pe3yJbTaTaM OCBOEHHSl AUCHMILUIMHBI: [Iponecc u3yueHUS AUCHUILIMHBI
«Pa3mepnbie 3¢ dexkThl B HaHOMaTepHaiax» HalpaBleH Ha (OPMUPOBAHUE SIEMEHTOB
caenyromux komneteHud B cootBeTcTBUU ¢ ®I'OC BO P® 1o HamnpaBieHUIO MOJATOTOBKH
28.04.03 Haromarepuasbl M1 OCHOBHOM 00pa30BaTeIbHON MPOrPaMMBI  BBICIIIETO TPOGECCHOHATLHOTO
oOpaszoBanusi  HamparieHust moarotoBku 28.04.03 Hanomarepuanbl (Marucrepckas mporpaMma:
HAHOMATEPHAIIbI 1 HAHOTEXHOJIOTHH):

a) ynuesepcanvnuoix (YK):

Crioco0eH OCYIIECTBIISATh KPUTUYCCKUN aHAIM3 TPOOJIIEMHBIX CHUTYallMid HAa OCHOBE
CHCTEMHOTI0O TI0JIX0/1a, BeIpadaThiBaTh cTpateruio aercteuii (YK-1);

CrniocobeH opraHu30BBIBAaTh U PYKOBOJUTH pab0TOI KOMaHbI, BEIpa0daThIBasi KOMaHIHYIO
CTpaTETHIO IS TOCTHKEHHUs rocTaBieHHoi menu (YK-3);

Crioco0eH MPUMEHSTh COBPEMEHHBIE KOMMYHHKATUBHBIC TEXHOJIOTHH, B TOM YHCJIEC Ha
WHOCTPaHHOM(BIX ) si3bIKe(ax), JUTS aKaJIeMUYECKOTO u po¢eCCHOHAIBHOTO
B3aumoercteus(YK-4);

Cnoco0eH aHanM3upoBaTh M YYUTHIBATH pa3HooOpasue KyJabTyp B Ipolecce
MEXKKYJIbTypHOTO B3aumoeiicteus (YK-5);

Croco0eH ormpeneisTh U pealu30BbIBaTh MPUOPUTETHI COOCTBEHHOW AEATEIHLHOCTU M
CIOCOOBI €¢ COBEPIICHCTBOBAaHUS Ha OCHOBE camoolieHKH (YK-6).

0) oowenpogpeccuonanvnuvix (OIIK):

CrniocobeH cTaBUTh M pellaTh MH)KEHEPHbIE M HAyYHO-TEXHUYECKHE 33a/a4d B OOJIACTH
MOJIyYEeHHUSI U UCCIICJOBAHMS HAHOMATEPHUAIOB W HOBBIX MEXIUCIHMIUIMHAPHBIX HANPABICHUN C
UCIIOJIb30BaHIEM €CTECTBEHHOHAYYHBIX U MaTematnyeckux moneneit (OITK-1);

CriocobeH ympaBiATh JKU3HEHHBIM IIMKJIOM CO3JIaHHUSl HWH)KEHEPHBIX TPOAYKTOB B
00J1aCTH HAHOTEXHOJOTMH W HAHOMATEPHAJIOB C YYETOM HKOHOMMUYECKHX, HKOJOTHYECKUX,
COIMAJIbHBIX | Apyrux orpanuuyenuit (OI1K-3);

CriocobeH BBIMOJMHATH HUCCIEAOBAHUS TMPH PEIICHUMM HWHXXEHEPHBIX M Hay4dHO-
TEXHUYECKUX 3ajady, BKJIOYas IUIAHWPOBAaHUE W TIOCTAHOBKY CIIOKHOTO OKCIIEPUMEHTA,
KPUTHYECKYIO OIICHKY M HHTepIrperanuio pe3ynbratoB (OI1K-4);

CriocobeH HCHnoiab30BaTh HMHCTPYMEHTapuil (opmanu3aluyd WHKEHEPHBIX, HAY4YHO-
TEXHUYECKUX 3ajiay, NPUKIAJHOE TMporpaMMHOe oOecreueHue sl MOJETUPOBaHUS MU
POCKTHPOBaHUS 00BEKTOB, cucTeM u mpoiieccoB (OITK-5);

CrniocobeH pa3pabaTbiBaTh M aKTyalM3HpPOBATh HAYYHO-TEXHUYECKYIO JOKYMEHTAIUIO B
obuyactu nonyuenust Hanomatepuanon (OITK-7).

8) npogpeccuonanvuvix (I1K):

HAYYHO-UCCNIe006AMENbCKAA OeAMENbHOCHb:

CriocobeH (opMynHpOBaTh 3aJauu, CBsSI3aHHBIE C peaiu3alyeld MpodecCHOHATBHBIX
dynxuuii (IIK-1);

CriocobeH  caMOCTOSTENBHO MPOBOIUTH HAYYHO-HCCIEIOBATENBCKHE pPadOTHI  T10
CO3JIaHUIO,MCCIICIOBAHUIO U PUMEHEHHUIO HaHOCHUCTeM U HanomarepuainoB(I1K-2);

CnocobeH k aHanmu3y W 00OOIIEHUIO PE3yIbTaTOB HAYyYHO-HCCIIENOBATEIbCKUX DPaboT,
MOWCKY W aHalu3y HAay4YHOU M TEXHWYECKOW WH(pOpManuud B 0O0JIACTH HAHOTEXHOJIOTHHA U
CMCXHBIX IUCHUIIIINH IJIs1 HaquOﬁ,HaTeHTHOﬁ )51 MapKeTHHFOBOﬁ MOAACPIKKHU IMPOBOANMBIX
WCCIICTIOBAaHHM, K CAMOCTOSITEIbHON MOATOTOBKE MyOIUKAIMK B OTEYECTBEHHBIX U 3apYyOEKHBIX
u3nanmsx (I[MK-3);

Croco0eH K akaJeMHYecKoi MOOWIBHOCTH, aKTMBHOMY MapTHEPCKOMY Y4YacTHIO B
paboTe 3apyOeKHBIX HAYYHO-HMCCIEAOBATEIILCKUX J1abopaTopuii  BO BpeMs HAy4YHBIX



CT@KHUPOBOK, a TaKXKe IyTEeM IPE3eHTAlUHU CTEHAOBBIX M YCTHBIX JOKJIAJOB Ha HAyYHBIX
koH(pepenmsx (I1K-4);

Crnoco0eH mpeacTaBiiATh UCTOPUYECKUE 3TAllbl PA3BUTHSI HAHOTEXHOJIOTUH, BaKHEHIINE
OTKPBITUSI OTEUECTBEHHBIX YUEHBIX, HanOoJee aKkTyalbHble MPOOIEeMbl, CBSI3aHHBIE C CO3JJaHUEM
Y IPUMEHEHUEM HAHOCHUCTEM M HaHoMartepuaioB B Poccuiickoii ®enepanuu u B mupe (I1K-
5);

nPOU36800CHIBEHHO-MEXHOI02UYECKAA OeAMETbHOCHb:

Crocoben K TpodecCHOHANbHON JKCIUTyaTallid COBPEMEHHOI0 00OpyIOBaHHS |
npuOOpoB (B COOTBETCTBHH C LEIIMH Maructepckoii mporpammsi) (ITK-6);

Croco0eH K COCTaBIEHUIO METOJAMYECKUX JTOKYMEHTOB (B TOM 4HCIE JabOpaTOpHOTO
JKypHaja) Ipy IPOBEICHUH Hay4HO-HCCICI0BATEIbCKUX U JabopaTopHbiX pador (ITK-7);

CnocobeH ywacTBOBaThb B ONTHUMM3ALUM CYLIECTBYIOLIMX METOAMK CO3JaHUS U
MPUMEHEHHUS HAaHOCHCTEMH HAaHOMAaTepHalioB JJIsl YCHENIHOW KOHKYPEHLIMHM Ha PbIHKE U U
texHozoruit (I1K-8);

OpP2AHU3AUUOHHO-YRPABIEHYECKAA 0eAMEeTbHOCHLb:

['OTOB K OCYIIECTBICHHIO OPraHU3alMOHHBIX MEPONPHUATHH 10  pean3alnuu
3aMJIaHUPOBAHHBIX HAYYHO-UCCIEI0BATENbCKUX PabOT, CIOCOOEH KOHTPOJIUPOBATH COONIOICHNE
TEXHUKH 0€30IIaCHOCTH U periiaMmenTa BoinosiHenus padot (I1K-9);

Croco0GeH TMpoBecTH HSKCHEPTU3Y HaydyHO-HCCIEAOBaTeNbCKUX paboT B ol0mactu
Hanotexnosoruii (I1K-10);

Cnoco0eH pYKOBOAWTH KYpCOBBIMH M JPYTMMH KBalU(UKAIMOHHBIMU paboTaMu
oOyuaronuxcs (0akanaBpoB) u ctaxkepos (ITK-11);

l'oToB Kk KOomepamuu ¢ KoJuleraMd U paboTe B KOJUIEKTHBE, K OpraHu3aluu padoThI
MaJibIX KOJUIeKTUBOB ucnonuuteneit ([1K-12);

NPOEKMHAA 0eAMEeTbHOCHIb:

Croco0OeH ydyacTBOBaTh B Pa3pabOTKe OW3HEC-IUIAHOB M OLICHWBATH JSKOHOMHYECKYIO
3P PEKTUBHOCTh M BO3MOXHOCTh KOMMEpPLUAIN3ALUN HAYKOEMKOH MPOIYKLUU —HAaHOCHUCTEM,
HaHOMAaTepHaIoB U u3zeaui Ha ux ocHoBe ([TK-13);

CrocobeH  yuacTBOBaTh B TOATOTOBKE U  pealu3al  Hay4HBIX IPOEKTOB
pecyOIMKaHCKOTO YPOBHS, a TaAK)Ke MEXIyHapoaHbIX rpanToB ([TK-14).

B pe3yJsibTaTe n3yueHus JTMCUUINJIMHBI CTYAEHT J0JIKeH
3Harn:

e (Qusuyeckue OCHOBbI  (OPMUPOBAHMS ~ MATEPUATIOB C  HETPATUIIMOHHBIMU
CTpYKTypaMu: (pakTalbHBIX arperaToB; (QymiepeHOB U (ynnepura; KIacTepoB U
KJ'IaCTepHBIX CHUCTEM, HaHOpa3M€pHI>IX qacCTull, aMOp(bHI)IX nu HaHOKpI/ICTaJ'IJ'II/I'-ICCKI/IX
MaTepuasos;

L] MEXaHU3M (pOpMI/IpOBaHI/Iﬂ I[C(l)eKTOB B HaHOKpI/ICTaJ'IJ'II/ILIeCKI/IX MaTepI/IaJ'IaX;
® [IPUYMHBI, BHI3bIBAIOLINE (OPMUPOBAHNE 3€PHOIPAHUYHOMN Cerperanuy.
L] TCXHOJIOTUYCCKHUEC OCHOBBI (bOpMPIpOBaHI/ISI HaHOKpI/ICTaJ'IJ'H/I‘—IeCKI/IX MaTepI/IaJ'IOB;
L] @Hznqecxne OCHOBBI HepCHeKTI/IBHBIX HaHOTeXHOJ'IOFI/If/'I;
® METO/Ibl aHAJIN3a U UCCIIEIOBAHUSI HAHOCTPYKTYP;
YMeThb:
. BbIOMpATh METO/BI KOHTPOJIS CTPYKTYPhI U 1e(eKTHOCTH HaHOMAaTEepUaJIOB;
L] BI)I6I/IpaT b TCXHOJIOTUHN HOHy‘IeHI/ISI HaHO4YaCTHII, IIJICHOK, MACCHUBHBIX
HaHOMaTEPHAJIOB COOTBETCTBEHHO MOCTABJICHHOW 3a/1a4u;
° BBIOMPATH YCIIOBHS CHJIOBOT'O HAHOTECTUPOBAHUS JJI 3aJaHHBIX 00pa3IloB;

L OMpECACIIATh THUII 3CPHOTPAHUYHBIX CCI’”pGF&HHﬁ.
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. noxoupath HEOOXOIUMYIO HJs MPOEKTUPOBAHMUS MAaTEpPHAOB C 3aJaHHBIMU
CBOICTBaMH CIIPaBOYHYIO JINTEPATYPY:
. 000CHOBAaHHO BBIOMPATH HAHOMATEPHAIIBI U PAIIMOHAIBHO MX UCTIOJIb30BATh.

BJIaIleTb: OCHOBaMH aHaJIM3a CBOMCTB HaHOMATCPUaJIOB U METOJAAMU HUX IIOJTYYCHHA

4. COJAEPKAHME JUCHUIIJIMHBI 1 ®OPMbI OP'AHU3AIIMN YYEBHOTI'O

ITPOOECCA

MopsiakoBbIi
HOMeEP U TeMa

KpaTlcoe CoAepKaHME€ TEMbI

Cooeporcamenvuutii modyns «Pazmepusvie 3¢hgpexmot 6 nanomamepuanaxy,

Tema 1. | Knaccudukanusi BelIECTB MO arperaTHbIM COCTOSIHUSIM U pa3MEpHbIM

OcobenHoctu XapakTepucTuKaM. TepMUHOJIOrn4eCcKre MOAXOAbI K ONMCAHUIO TOHATHUS

CTPYKTYpBbI «HaHOMaTepuai. Kputnueckuii pasmep CYLIECTBOBAHMUS

HAaHOMAaTEPHAaJIOB. HaHOKpHUCTANIMYeCKOro marepuana. Jlons rpanun pasgena B oOiieM
o0bemMe HaHoMarepuasia. BO3HUKHOBEHHME HOBBIX KauecTB IpHU
YMEHBIIEHUU 00beMa BeIeCTBA

Tema 2. Tunel | Hanouznenus. Mukpowusnenus. MaccuBHble HaHOMAaTepHUabl:

HaHOPa3MEPHBIX onHo(azHble M MHorogasHele. KoMMO3UTBI € KOMIIOHEHTaMHM U3

CHCTEM. HaHOMaTEepHUAJIOB.

Tema 3. Oco0eHHOCTH CBOICTB HAHOMATEPUAJIOB.

Hanomarepuasnsl u
WX CBOMCTBA.

Tema 4.
Hanorexnomnoruun.

Oymnepensl, QysiepuTsl, HAHOTPYOKkH. OCHOBHBIE 00JIACTH MPUMEHEHUS
HAaHOMATEePHAIOB W HAHOTEXHOJOTHH: KOHCTPYKIMOHHBIE MAaTEPHAIIBI,
WHCTPYMEHTAJIbHbIE ~ MaTepualbl, MPOU3BOJCTBEHHBIE TEXHOJIOTHH,
TprUOOTEXHUKA, BOCHHOE JIETIO, S/ICPHAS SHEPTeTHKA, DJIEKTPOMATrHUTHAS U
ANEKTPOHHAS TEXHUKA, 3alIUTa MOBEPXHOCTU MaTepUATOB, MEAMIIMHA U
OHMOTEeXHHKA

Tema S. ITpobraembr

Crnumnanue HAaHOYaCTUIll IIpUu (bOpMHpOBaHHH WU3JIeIUN U3 HaHOIIOPOLIKOB.

HaHoMarepuanoBene | HecraGmibHOCTH CTPYKTYpBI HaHOMAaTEPHAJIOB. Koppo3zus
HUS. HaHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX MaT€pUaJIOB.

Tema 6. Amopdusie | CTpykTypa W CBOWCTBA JKHAKHX METAUVIOB M CIUIABOB. MeETOIbI
METaJUIMYeCKUE MOJIy4YEHHUsI METATMYEeCKUX CIUIaBOB B aMOP(GHOM COCTOSIHUU. MeTombl

crutasbl (Hacts 1).

HCCIEA0BAHUS CTPYKTYPBl METAIUIMYECKUX CTEKOJI.

Tema 7. AmopdHbIe
METAJTUICCKHE
crutaBbl.(HacTth 2)

PentreHorpaguyeckre MeTobl aHaiau3a aMOP(HBIX U HAHOKOMITO3UTHBIX
cTpykTyp. [IpumeHeHre MeTo1a MajJoyIJIOBOTO PACCEIHUS PEHTI€HOBCKHUX
Tydeid A7 aHanM3a CTPYKTYphl aMOp(HBIX CIUIABOB M HaHO(A3HBIX
KOMITO3UTOB. OJIEKTPOHHO MHUKPOCKOIMYECKHE METOJIbl HCCIeA0BaHUS

CTPYKTYpbl ~CIUIaBOB C aMOppHOH H  aMOp(HO-KpUCTALITHYECKON
CTPYKTYpOil.
Tema 8. Amopdusie | DpdextuBHble  KodbdunMentsl  auddysum, KOHTPOJIMPYIOIINE

METAJTUICCKHE
crutaBbl.(HacTth 3)

KPUCTAININ3ALMI0 CTEKOJI. MeXaHM4YecKue CBOMCTBA METAIIMYECKHUX
crekoi.  MexaHu3mbl 1up(y3U B HEYMOPSAAOYEHHBIX CTPYKTypax.
MexaHu3mMbl W KHMHETHKa IIPOLIECCOB CTPYKTYpPHOM peJlakcaluu B
METAJUIMYECKUX CTEKJIaX. BiusHUE penakCalUOHHBIX IIPOLECCOB Ha

CTPYKTYpY U cBoiicTBa aMOp(HBIX cruraBoB. CTeKs1000pa3HBIN MMepexo] B




paciiaBax U CTCKJIax.

Tema 9.
MexaHnu3MbI n
KUHETHKA
KpUCTAJUTH3aIlUN

aMOp(QHBIX CILUIABOB.

MexaHu3Mbl W KWHETHKAa KPUCTAUIM3AalUM  aMOpP(QHBIX  CILJIABOB.
MexaHu3mbl 33apOKJIECHHUS KPUCTAJUIOB B paciulaBaXx M CTEKJax.
MexaHu3Mbl TPOLIECCOB POCTa KPHCTALIOB B aMOP(HBIX CIIaBax.
MeTo/1b1 HccieIoBaHUs KpUCTAUIM3ai aMOp(HBIX (a3.

Tema 10.
TepmoanHamuka
IIPOLIECCOB
3apO’KJIEHUS U pOCTa
KpUCTAJUIOB B
amMop(hHOI MaTpHIle.

TepMoguHaMUYECKUE W KHHETHYECKHUE IMapaMeTphbl, KOHTPOJUPYIOLIHE
3apOKJICHUE U POCT KPUCTALIOB B aMOP(HBIX CIIaBaX. 3aKOHOMEPHOCTH
(hopMUPOBaHKUS HAHOKPUCTALIMYECKUX a3 B aMOp(HBIX CIUIaBax.
MaruuTHele U MEXaHMYECKHE CBOICTBA CIUIABOB C HAHOKOMITIO3UTHOM
CTPYKTYpOM.  DBTEKTHYECKAsi KPUCTAJIM3AlMs PAaCIUIaBOB U CTEKOJ.
MexaHu3Mbl CTAIMOHAPHOTO U HECTAIIMOHAPHOTO MPOLECCA POCTA.

TemaTnyeckuii miian

CoaepskarejbHble MOAYJH : 1-« Pazmepnuoie 3¢h¢hexkmut 6 nanomamepuanaxy

KoaundecTBO 9acoB
Ounas popma 00yueHus 3aounas popma o0yueHus
B T.4. B T.4.
= = & =
HasBanusi coxepKaTeJbHbIX el 2 % % e | = % ‘%
MojLyJieii u TeM Sl =|8l&lE<=lE= 2| =] 8| &5 |5
Q = () o) = = = O = () ) = = =
Q g B 8l& .o 20 9 = g H | = 920
M 2| =l s|ldelTdgl =~ < = s | delTQ
O E|l g 8|8 5 > PV I/ B
= M| Ol A8 = = o | O | o
S| \S|& = < O o) =
Q| = s = o < = =
= Bl T = = < an
o =~ o =
Tema 1. OcobenHocTr
18| 2 |3 13 18 | 0,2 | 04 17,4
CTPYKTYpbl HAHOMaTEepUaJIOB.
Tema 2. Twurmer
¢ 20| 2 |4 14 18 | 02 | 04 17,4
HAHOPA3MEPHBIX CHCTEM.
Tema 3. Hanomatepuainsl u
ewa 3. Hanomarep 18|23 13 18 | 02 | 04 17,4
HX CBOMCTBA.
Tema 4. H .
ema aHoTeXHOIOTIH 20 2 4 14 18 02 | 04 17,4
T . IT
eMa S POOIEMEL | 4g | 5 | 3 13 18 | 02 | 04 17,4
HAHOMAaTEPHAIOBEACHHUS.
Tema 6. AmopdubIe
MeETaIINYECKUE casel | 19 | 1 | 4 14 18 | 0,2 | 04 17,4
(Hacts 1).
Tema 7. AmopdubIe
METaJUIMYECKHUE 1711 |3 13 18 | 0,2 | 0,4 174
crutasbl.(Hacts 2)
Tema 8. AmopdHubIe
MeTaTHYECKUE 19|11 |4 14 18 | 0,2 | 0,4 17,4
crutaBbl.(YacTth 3)
T . M
ema 9. Mexammsmbl W | 4,0\ 5 |, 12 18 | 02 | 04 17,4
KMHETUKA  KPUCTAIIH3AIUU




aMOp(HBIX CIIJIaBOB.

Tema 10. TepmoanHamuka
MPOILIECCOB  3apOXKICHUS U

15 1 ]2 12 18 | 0,2 | 04 17,4
pocra KpHUCTAJIJIOB B
amMop(hHOI MaTpuIle.
Hmozo no
cooeprcamebHomy mooyaio | 180 | 16 | 32 132 180 | 2 4 174
Bcezo uacoeé no mooynio
180 | 16 | 32 132 180 2 4 174

SMETOAUYECKHUE PEKOMEHJALIUU JJISA TIPOBEAEHUSA JTEKIIUOHHBIX,

MMPAKTUYECKHUX U TABOPATOPHBIX 3AHSTHIA.

TeMbl JIEKIIHOHHBIX 3aHATHH

00BEMHBIH MOJTYJTb YIPYTOCTH.

o Konuuecmeo
Ha3zeanue memoi
n/n uacoe
1 |OcobeHHOCTH CTPYKTYPBl HAHOMATEPHAIIOB. 2
2 |Turbl HAHOPA3MEPHBIX CHCTEM. 2
3 [Hanomarepumanbl u ux cBOCTBA. 2
4 |HaHOTEXHOJIOTHH. 2
5 [[Ipobiembl HaHOMaTEPUATOBEICHHUSL. 2
6 [AMop¢HBIE METAITNYECKHUE CIIABHI . 3
7 [MexaHu3Mbl M KUHETHKA KPUCTAIIN3allUU aMOP(HBIX CILIaBOB. 2
8 [TepMommHaMHKa IPOIIECCOB 3aPOXKACHUS U POCTA KPUCTAIUIOB B aMOP(HOI 1
MaTpHLE.
BCEI'O 16
Tembl NpaKTHYECKUX 3aHATHH
No Konuuecmeo
Has3zeanue memut
n/n uacos
1 [Kpucraminyeckue CTPYKTypbl W Tulbl KpuctayisioB. Pemerku bpase: 5
KO3(PPUIIMEHT YIIaKOBKH, MHIEKCHl MuIIepa U 3JIeMEHTbl CHMMETPHH.
2 |[Azny4enus tpex TumnoB u 3akoH bparra. Meron Jlays. Meros BparieHus 5
KpucTajia. MeToa nopouka
3 |O6parnas pemerka. 3oubl bpmttosna. CtpykTypHbIii (pakTop Oaszuca u 9
aTOMHBIN QakTop win hopM — paxTop.
4 |TemmepaTypHas 3aBHCHMOCTh IJIMHUI oTpaxeHus - (akrop Jebas — 9
Yomnnepa.
5 [Kpucramisl uneptHbix razoB. Cunel Ban — nep — Banbca — Jlonmona.
PaBHOBeCHbIE TIOCTOSTHHBIE pEHIeTKU. ODHeprust cBsizu. CKUMaeMocTb M 2




6 |MouHble KpucTauibl. DHepruss MazeayHra WM DIEKTPOCTaTHYECKast 5
bueprus. [locrossnaas Manenynra. OObeMHBIN MOTYJIb YIPYTOCTH

7 |[KoBasieHTHBIE KpucTa/UIbl. ['oMonomnsipHas cBsA3b. Poib ciMHa M MPUHLIKIL
[laynmu. Ponp B3auMHOW OpHEHTalMM COMHOB B  (POpMHUpPOBAHUU 2
KYJIOHOBCKOM dHEpPruu - 0OMEHHasi YHEPIUsl.

8 |Kpucramisl ¢ BOIOPOIHBIMU CBsi3siMHA. OCHOBHBIE MTOHATHS MOJIEKYJISPHOI 2
FeHETUKU: TUMUH, aICHUH, IIUTa3UH, T'yaHUH.

9 |Merammueckas cBsi3b. Mogens [pyne. @yHkius pacnpenencHust dhepmu 2
yactull. @epmu- u bose- yacTuipl. DeKTpocTaTUUECKas SHEPrus DBajbaa

10 [Kunernueckoe ypaBHEHHE B METAILIAX 2

11 [[TpoBOAUMOCTB M TEILIOMPOBOAHOCTH 2

12 Dddexr Xomna u kBaHTOBBIHN 3 Pext Xomna. 2

13 |Tepmoanextpuueckue siBieHus u npunimn OH3arepa 2

14 |CrnunoBblit mapamarsetusm. KBaHToBaHue ypoBHEH CBOOOHOTO 3JIEKTPOHA 3
B MarHUTHOM noJje. /luamarnetusm Jlannay.

15 |HopMmanbHbIi 1 aHOMAJIBHBIN CKUH — 3 ()EKTHI. 3
BCEI'O 32

6. MeToauueckue PE€KOMEHIAIUHU IO OpraHu3sanuu CaMOCTOSITEIbHOI paﬁoTI)I CTYAECHTOB.

OPIAHU3AIIUSI CAMOCTOSTEJBHOM PABOTHI CTYJIEHTOB

Ne Konuuecmeo
wn Ha3zeanue memoi wacos
1 [TepmuHOIOTHYECKHE MMOAXO/BI K ONMMCAHUIO IOHATUS «HAHOMATEepUaI. 12
2 |Kputuueckuii pasmep CyleCTBOBaHHSI HAHOKPUCTAJUIMYECKOTO MaTepHaa. 12
3 |onst rpanumIl pa3zena B o0mieM o0beMe HaHOMaTepHaa. 12
4  |BO3HMKHOBEHHE HOBBIX KaueCTB IIPU YMEHbBIIIEHUU 00hEMa BEIECTRA. 12
5 [Vopyrue nedopmannu B HaHOCHCTEMAX: - MOCTOSIHHBIE YIIPYTOM 12
[0/IaTJIMBOCTU M YIPYTOH )KECTKOCTH

6 [[ImoTHOCTB YHpPYTroii SHEPTHH. 12
OOBEeMHBII MOYJIh YIIPYTOCTH U C)KUMAEMOCTh

7 |[YpaBHenus xonebanuil B HaHoMaTepuanax. I’ pynmnosas u ¢as3oas 12
CKOPOCTH pactpocTpaHeHus: (POHOHOB B YIPYIHX cpefax. AKYyCTHUECKHUE U
onTHYECKUE KoyieOaHusi JOHOHOB

8 [Toueunsie wnu HyNb — MepHBIE NedeKThl. BakaHCHM 1 UX KOMILJIEKCHI, 12
ATOMBI 3aMEIlIeHUs U aTOMbI BHelpeHusl. Cerperanus u ypaBHeHus: dOuka.
ABnenne muddy3un

9 |[ducnokamuu u KpayJuOHBI KaK IPUMEPBI OTHOMEPHBIX JedekToB. KpaeBbie 12
1 BUHTOBBIE AuciIokanuu. Bekrop broprepca.

10 |['panuibl pa3zgena B HAHOKpHCTALIAX: MeK(a3HbIe U MEKKPUCTAILTUTHEIC 12

(I/IJ'II/I MC)KSCpCHHBIe) I'paHULIbI — IBYMCPHBIC UJIM TOBEPXHOCTHBIC I[e(pCKTLI




10

11 |[Tops! u Tpeunsl. Monenu Upsuna, Oposana u ['puddurca. 12
[IpencraBnenune bapenonarra.
BCEI'O 132

7. AHAUBU Y AJIBHBIE 3AJIAHUS.
Tembl 1J11 BbINOJTHEHNSI MHANBUAYAJIbHOI padoThl (TeMbl pedepaToB, CEMUHAPOB)

TepMuHoIOrHYeCKre NOAXO0AbI K ONMCAHUIO MIOHATHS «HAHOMATEpHAID».
Kpurnueckuil pasmep CylieCTBOBaHUS HAHOKPUCTAUIMYECKOr0 MaTepurara.
Jlons rpaHuL pa3zaena B o0meM o0beMe HaHOMaTepHasa.

Bo3HUKHOBEHHE HOBBIX KaueCTB IPH YMEHBIICHUN 00bEeMa BEIIECTBA
Hanousznenus. Mukpousaenusi.

MaccuBHbBIE HAaHOMATEPHAIBI: 0THO(A3HBIE U MHOTO(a3HBIE.

KoMII03uThI ¢ KOMIIOHEHTaMHU U3 HAHOMAaTEPUAJIOB.

OcobeHHOCTH CBOMCTB HAHOMATEPHAJIOB .

Nk~ wdE

8. KOHTPOJIBHBIE BOITPOCHI K ITIPOMEXXYTOUYHOMN ATTECTALIUA
. Knaccuduxanus BemiecT 1o arperaTHbIM COCTOSIHUSIM M pa3MEpHBIM XapaKTEPUCTHUKAM.
. TepMuHONOrMUECKHE NOAXOABI K ONTMCAHMIO MIOHATUS «HAHOMATEpHaID».
. Kputnueckuii pazmep cyiiecTBoBaHUs HAHOKPUCTANIMYECKOTO MaTepHara.
. lons rpanui paszena B o01ieM o0beMe HaHOMaTepuasa.
. BO3HUKHOBEHNE HOBBIX KQ4€CTB IIPU YMEHBIIEHUN 00bEMa BELLIECTBA.
. Hanownsnenus.
. Mukpousnenusi.
. MaccuBHbIe HAaHOMaTepHaibl: 0JHO(pA3HbIE U MHOTO(a3HbIE.
9. KoMI103uTHI C KOMIIOHEHTaMHU M3 HAHOMATEPUAIIOB.
10. OcobenHocTH CBONCTB HAHOMATEPUAIIOB.
11. ®dynnepensl, pymiepuTs, HAHOTPYOKH.
12. OcHOBHBIE 001aCTH MPUMEHEHUSI HAHOMATEPHUAIOB M HAHOTEXHOJIOTUH.
13. Cnunanve HaHOYACTHIL TPH POPMUPOBAHUU U3EIUN U3 HAHOMIOPOIIIKOB.
14.HecTaOuinbHOCTD CTPYKTYpPbl HAHOMATEPUAIOB.
15.Koppo3ust HaHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX MaTEPUAIIOB.
16. CTpyKkTypa 1 CBOWCTBA KUAKUX METAJIJIOB U CILIABOB.
17. Pentrenorpaduueckue METO/bl aHAIN3a AMOP(PHBIX 1 HAHOKOMIIO3UTHBIX CTPYKTYP.
18. Mexanusmsl 1uddy3un B HEYOPAAOUEHHBIX CTPYKTypax.
19. MexaHU3MBI M KHHETHKA KPUCTAIUTM3AIUN aMOP(HBIX CIJIAaBOB.
20. TepMoauHaMKKa MPOIIECCOB 3apOKACHUS U pOCTa KPUCTAJUIOB B aMOp(dHOI MaTpuIte.

0O ~NO DN W

9.0BPABEIl MOAYJBHOI'O KOHTPOJISL
(obpazey sapuanma u Kpumepuu OyeHU8aHUs1)

TrOY BIIO «JIOHEIKUA HAIIMOHAJIbHBbIIA YHUBEPCUTET»
OU3NKO-TEXHUUECKUH (PaKyIbTeT

Hanpasnenue noocomoexu: 28.04.03 Hanomamepuanwt
Mazucmepcras npoepamma: HAHOMAamepuaibl U HAHOMEXHON0ZUU
IIpoepamma noozomoexu: Mazucmpamypa

Cemecmp 2

Yuebnas oucyuniuna PASMEPHBIE 5®®DEKTbI B HAHOMATEPHAJIAX



MOAYJbHASA KOHTPOJIbBHASI PABOTA
BAPUAHT Nel
1. Hasowusnenus.
2. Oco0eHHOCTH CBOICTB HAHOMATEPHAJIOB.
3. ®ymnepensl, pymiepuTsl, HAHOTPYOKH

VYTBepKIIeHO Ha 3aceannu Kadeapoil TEOPeTUIeCKOH (PU3UKN U HAHOTEXHOJIOTHIA,
poTOoKOJ Ne or“ ” 20 T

3aB. kadeapoii
IIpenonasareins

CoNoAEWNE

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

KpnTepml OLCHUBAHUS MOAYJBHOI'0O KOHTPOJIHA

Homep 3a0anusn Konuuecmeo 6annoe
3aganue 1 10
3agaHue 2 10
3ananue 3 10
Bcezo 30

10. OBPA3EIl 9 K3AMEHAIIMOHHOI'O BUJIETA
(meopemuueckue 60NPoOCcyl K IK3aMeHy, obpasey buiema u Kpumepui OyeHUBaHus1)

Teopemuueckue 60npocwl K IK3AMEHY
Knaccugukarus BemecTs 1 MaTepHajoB MO pa3MepaM CUCTEM.
JIBymepHBIE U TpeXMEpHBIE pemeTku bpase.
DneMEeHThl CHMMETPUHU B HAHOCUCTEMAX U KPUCTAJUIaX.
Kputnueckuii pasmep cyniecTBOBaHUSI HAHOKPUCTAUIMYECKOTO MaTepurara.
Jlons rpaHuIl pa3zena B o01eM o0beMe HaHOMaTepHaa.
MeTo/1bI oJTy4eHNs METAIINYECKUX CIUIABOB B aMOP(HOM COCTOSIHUH.
Meroas! ucciaen0BaHus CTPYKTYPbI METAJUIMYECKUX CTEKOJL.
CtpyKTypa 1 CBOMCTBA KUJKHUX METAJUIOB U CIJIABOB.
MeTob! nosTyuyeHHs! MeTAIIIMYECKUX CIUIAaBOB B aMOP(GHOM COCTOSIHUU. MeToabl
HCCIEA0BAHUS CTPYKTYPBl METAIUIMYECKUX CTEKOJL.

. Metoasl MOJIYUYCHHUA MCTAJUIMYCCKUX CIJIaBOB B aMOp(l)HOM COCTOSIHUHM. MeTo bl

HCCIIEIOBAHUS CTPYKTYPHI METATUTMYECKUX CTEKOJ.
Mexanuzmbl Audy3un B HEYIOPSA0YCHHBIX CTPYKTYpax.

BrusiHue penakcalimOHHBIX MPOIIECCOB HA CTPYKTYPY M CBOMCTBAa aMOP(HBIX CIIJIAaBOB.
MexaHu3Mbl 3apOKICHUS KPUCTAJUIOB B pacIulaBax U CTEKJax.

DBTEKTUYECKAs KPUCTALTA3ALNS PACIUIABOB U CTEKOJI.

MexaHu3Mbl CTALMOHAPHOTO U HECTALMOHAPHOTO MPOoLEecca pOCTa.

['pynmoBas u a3oBasi CKOPOCTH pactpocTpaHeHus (POHOHOB B YIIPYTHX Cpeaax.
Turmsl cBsI3ei B HAHOMATEpHUAIAX.

HoHHbBIE 1 MOJIEKYJISIPHBIE CUCTEMBI.

KoBasieHTHBIE U BOAOPOIHBIE KPUCTAILIIBI.

Merannndeckas CBI3b.

HopmanbeHblit 1 aHOMaIbHBIN CKMH — 3((EKTHI.

11



12

IOy BIIO «IOHEIIKUA HAIIMOHAJIbHBbIIA YHUBEPCUTET»
DU3NKO-TEeXHUYECKUHA (PaKyIbTeT

Hanpasnenue noocomoexu: 23.04.03 Hanomamepuanut

Maeucmepckas npoepamma: HaHoMamepuaivl U HAHOMEXHO102UU

IIpoepamma noozcomosku: Mazucmpamypa

Cemecmp 2

Yuebnas oucyuniuna PASMEPHBIE DO®EKTbI B HAHOMATEPHAJIAX
BUJIET Nel

1. MexanusMbl Tu(Py3un B HEYTIOPSIOUYCHHBIX CTPYKTYpPaX.
2. DIIeMEHTHI CHMMETPUH B HAHOCHCTEMAX M KPHCTaJLIax.
3. Meraminyeckas CBS3b.

VTBepKIIEHO Ha 3acelaHuu KadeApoill TEOPEeTHUYECKOW (U3MKU W HAHOTEXHOJOTHIA,
poTOKOJ Ne or“ ” 20 T

3aB. kadenpoii

DK3amMeHaTop

I(pumepuu OUCHUBAHUA IK3AMEHA

Homep 3a0anusn Konuuecmeo oannos
3aganue 1 15
3agaHue 2 15
3ananue 3 20
Bceero 50 6a10B

12. KPUTEPUU OUEHUBAHUS

ITo xypcy «Pa3zmepnbie 3¢ (dekTh B HaHOMaTepraiaxy MpeArnoIaraeTcs MpoBeAeHHE MPOMEKYTOTHON
aTTECTallMd B BHUJE MOJYJIBHOTO KOHTPOJIS, BBIMOJIHEHUE WHIMBHIYAIbHOW pabOTHI M SK3aMEHa.
DK3aMEeH CHIal0T CTYAEHTHI C LEJbIO MOBBIIIEHUS PEUTHHTA.
Pacnpeoenenue 6annos, Komopvie MOZym nOAYUUMb CHYOEHM bl
6 npoyecce u3y4eHus OUCUYUNIUHbL

Oprasu3zanmoHHo CPC Bcero
yueOnast pabora NupuBuayansbuas | MoayiabHblii | MaauBuayaabHas
CTYAEHTA padora KOHTPOJIb | TBOpYeckasi pabora
Max 10 6amioB max 5 6amioB max 30 max 5 6amioB 100 6amoB
OannoB

IlIxana coomeemcmeusn 6a17108 HAUUOHAILHOU WIKATIE

Ouenka Ouenka nmo OueHka 1o rocy1apcTBeHHOM HIKaJje Ouenka no
no mxkaJje | 100-6amibHoM (3x3amen, 1uddepeHuMPOBaAHHBIN 3a4eT) roCy/apCcTBeHHOM
ECTS IKaJe KaJje (3a4er)
A 90-100 5 (OTIIUYHO) 3a4TCHO
B 80-89 4 (xoporo) 3a4TE€HO
C 75-79 4 (xopo11o) 3a4TEHO
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D 70-74 3 (YIOBIETBOPUTEIBHO) 3a4TEHO
E 60-69 3 (YyIOBJIETBOPHUTEIHHO) 3a4TEHO
FX 35-59 2 (HeyIOBJIETBOPUTEIBHO) HE 3a4TEHO

C BO3MOXXHOCTBIO ITOBTOPHOU CHAYH
F 0-34 2 (HeYIOBJIETBOPUTEIHHO) HE 3aUTCHO
C BO3MOXKHOCTBIO TTOBTOPHOM CAAa4H MPH YCIOBUU
00s13aTeNTbHOTO HA0Opa JOMOJIHUTEIBHBIX 0AJIJIOB

13. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYHEHUE YYEBHOI'O
IMPOLECCA.

JIeKIIMOHHBIE ¥ PAKTUYECKUE 3aHATUS 10 yueOHOH aucuuiuinHe «Pa3mepHbie 3G (deKThI B
HaHOMAaTepHaJiax» MPOBOJATCA B y4ueOHOU saboparopun NeQ15 «MHKpPO M HAHO CTPYKTYPBI».
O6opynoBaHa KOMIUIEKTOM y4ueOHON MeOenu Ha 12 TOCajoyHBIX MECT, KOMILUIEKT pabodyero
MecTa rnpernogaBaTens, ¢uomacrepHas mocka, macc-criektpomerp (MU 1201AT-01), Mukpockomn
ANIEKTPOHHBIA pacTpoBbli POM-106 U, ycraHoBka i M3ydeHHs] ONTUYECKUX CBOMCTB TOHKUX
TUTEHOK (TI/IT TUAJICKTPUKOB), 1 KOMITBIOTEp JUIsl CHATHS M 0OpaOOTKH JAHHBIX C JIMIICH3MOHHBIM
IPOrpaMMHBIM 00€ecIieYeHUEM, TOCTYIIOM K ceTu MHTepHerT.

CamocrosTenbHast paboTa CTYACHTOB MIPOXOIUT B unTanbHOM 3aje Ne 3 aBropedepaToB u
JicCepTalii, YKOMIUJICKTOBaH KOMIUIEKTOM ydueOHOW wmebenmu Ha 50 mMOCagoO4YHBIX MeECT,
OCHAIIICH KOMITBIOTEPOM B KOMIUIEKTe (2 MIT.), pacmojioxkeH Mo azapecy T. JloHemk, mp.
Tearpansubiii, 13, xab. 106.

WunuBuayanbHple YW TPYNINOBBIE KOHCYNbTALlMM  CTYIACHTaM JUIS  MPOBEICHUS
CaMOCTOSITENIbHOW Pa0OThI MPEJOCTABISIOTCS B KaOuHeTe Kadeapbl TeopeTHdecKol (QHU3UKU U
HAHOTEXHOJIOTUH, YKOMIUIEKTOBAHHOM KOMIUIEKTOM MeOenu Ha 12 mocaJoyHBIX MecCT,
OCHAIIIEHHOM KOMIIBIOTEPOM B KOMIUIEKTE (1 IIT.), IPUHTEPOM, CKAHEPOM, PACIIOIOKEHHOM IO
aapecy r. [loneuk, np. Tearpanpusiii 13, ayn. 256.

14.  PEKOMEHJIOBAHHAS JIUTEPATYPA

Koa-Bo Hanu4yue
Ne IK3eMILIAPOB | JICKTPOHHOM
HaunmeHoBaHue

n/n B Ou0JIMoTeKe BEpPCHHU B

HonHY IBC

OcHognasa n1umepamypa

1. IOpuenko B.M. Pa3mepHsbie 3¢ deKThI B
HAaHOKPHUCTAUIMYECKUX  Marepuaynax  [ODIeKTpOHHBIN
pecypc]: TUIS CTY/ICHTOB, acIMpaHTOB,
CHEIHMATM3UPYIOIIUXCSL 10 HAaIPaBJIEHUIO TOATOTOBKHU
030402 «¢pusuka» U CHEUUANTUCTOB B 00JACTH (PUIUKU
KOHJICHCUPOBAHHBIX Cpell, TeOopeTHdyeckol (u3mku u
nanorexHonoruit. / H. II. UBanunen, C. B. Tepexos, B.
M. HOpuenko ; 'OY BIIO "JloHeukuii HanmOHaIbHbBIN
yHuBepcutet",OU3NKo-TeXHUUECKU I
¢dakynerer,Kadeapa  Teopermueckoit (1071637097 SN '
HaHoTtexHojoruii. - Jlowmeuxk : JouwHY, 2019. -
DeKTpOHHBIE TeKCTOBBIE AaHHbIE (1 dailn).

2. Munocnasckuii  A.I'. KoHcmekt nekuuii 1mo Kypey
«OCHOBBI TPOILECCOB MHUKPO- M HAHOTEXHOJOTHI». — 2
Honeuk: JouHY, 2018. — 246 c.

3. TepexoB C. B. ®wusuka HaHOOOBEKTOB: [ydeOHOE
nocodue] / C. B. Tepexos, B. H. Baproxun; 'OY BIIO 3 +
«JlorHY» - Jlonenk: JouHY, 2013. — 418 c.
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4, I'yvcee A. W. HaHomarepuanbl, HaHOCTPYKTYpBHI,
HanorexHosoruu / A. U. I'yceB. — U3a. 2-e. — Mocksa: 6
®uszmatiur, 2009, — 414 c.

5. HanoTtexHomorun M coenuanbHble MaTepuaibl : y4deo.
nocodbue s CTYIEHTOB BY30B, OOy4YarOUIMXCS IO
Hanpasienuto noarotosku 140140 - Texn. ¢usuka / 1O.
I1. Connues, E. U. IIpsaxun, C. A. Bonorxkanuna, A. I1.
IlerxoBa ; mox pex. FO. I1. Connuesa. - Cankr-IlerepOypr
: Xummzgaar, 2009. - 334, [1] c.

Jonoanumenvnas numepamypa

6. Hosuxos, U. U. JledekTsl KpUCTAIUIMYECKOH pPEUICTKH

metamuioB / M. Y. HoBukoB. - MockBa : Mertamnyprus, 2
1968. - 188 c.

7. l'onmoun, FO. WM. BBemenme B HanorexHuky / FO. M.
['onoBuH. - M. : Mamunoctpoenue, 2007. - 493 c.

8. [lonyyenne u  UWCCleJOBaHHE  HAHOCTPYKTYP
1ab0PaTOPHBIN MPAKTHUKYM 110 HAHOTEXHOJIOTHSIM / [A. A.
EBnokumoB u 1p.] ; mox pea. A. C. CuroBa. - Mocksa :
BUHOM. JIa6. 3uanwuii, 2010. - 146 c.

9. Cysnanes, U. I1. HanotexHonorus : pU3NKO-XUMHS
HaHOKJIACTEPOB, HAHOCTPYKTYP U HaHOMAaTepuasion / U.
I1. Cy3nanes. - 2-e uza. - Mocksa : URSS : JIlubpoxom,
2009. - 589 c.

15. UH®OPMALMOHHBIE PECYPCbI
(¢ yrazanuem Hazganus u NOIHO20 INEKMPOHHOLO A0peca)
Hay4nas snextponnas Oubamoreka www.elibrary.ru.

Caiit komnaanu POCHAHO http://www.rusnano.com/

O6pazoBarenbHbie pecypesl «EnuHoe okHO» http://window.edu.ru/window/library
Kuuro-nonck. http://www.knigo-poisk.ru

P

16. MMPOI'PAMMHOE OBECIHHEYEHMUE (npu HATHYUN)
1. Windows 7 PRO (koprioparusHas sunensus JOHHY Ne 46484614);
2. Microsoft Office (kopnopartuBHas nuuensus JOHHY nunensus Ne 46472919);
3. Microsoft Visual Studio (nuuensus nporpammbl DreamSpark it BRICIIUX y4eOHBIX
3aBeJCHUN);
4. JIuuenzun GPL, Apache, BSD st cBoboanoro nporpammuoro ooecrieuenusi: FreelLab,
Scilab, Free Pascal, AutuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF

PaGouass mporpamMMa paccMOTpeHa H TIEpeyTBEpXKIeHa Ha 3aceJaHudu Kadeapsl
TEOPETUYECKON (PU3UKU U HAHOTEXHOJIOTHH ¢ u3MeHeHusIMH (6e3 n3MeneHuit) Ha 201 roJ.

ITporoxoi Ne or“ 7 20 1.
3aB. kadenpoit

PaGouass mporpamMmma paccMOTpeHa U TIEpeyTBEpXKACHa Ha 3aceqaHud Kadenpsl
TEOPETHUECKOU (PU3UKN ¥ HAHOTEXHOJIOTHH ¢ n3MeHeHusaMH (0e3 m3menenuit) Ha 201 rog.
ITporoxoi Ne or“ 7 20 1.
3aB. xadempoit
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