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i Ilporpamma cocraBieHa ¢ yderoM @DenepaqbHOrO rocyJapCTBEHHOro 00Opa30BaTELHOTO
CTaHfapTa BbICIIero o0pa3oBaHWS — MarucTpatypa HampaBineHus moarotoskud 28.04.03
Hanomatepuaisl, yTBEp)KIEHHOrO IpHKazoM MunucTepcTBa oOpa3oBaHus M Hayku Poccuifckoit
®enepann ot 22 centabps 2017 r. Ne 966; Ha ocHOBanuHM ['ocynapcTBeHHOro 00pa3oBaTeIbHOTO
cTaHjapTa Beicmero mpodeccruoHanpHoro obpazoanus Jlonenkoi Hapopmoit Pecmy6muxu ('OC
BIIO JIHP) nampasnenuss moxrotosku 28.04.03 Hanomarepuansl (KBamuduKamus: «Maructpy),
YTBEPXKACHHOTO prKa3oM Munucrepersa oOpasoBanus u Hayku JIHP ot 28 mast 2020 r. Ne 85-xm;
[lopsaka opraHu3amiu y4eOHOro mpomecca B 00pa3oBaTENBHBIX OPraHHU3alUsX —BBICIIETO
npodeccronansroro obpazosanus Jloneukoit HapomHoit PecryGmuku, yTBEp)KIEHHOTO IPHKa30M
MunncrepctBa o6pasoBanus u Hayku JTHP Ne 1171 ot «10» Hos6ps 2017 r.; yuebHOro miaxa u
OCHOBHOM 00pasoBaTelbHON mporpaMmsl HaHoMarephanbl M HAHOTEXHOJOTHH HANpPaBIICHHS
noxrotoku 28.04.03 Hanomarepuansl, pazpabotannsix B 'OY BIIO «/loHenxuii HanuoOHAIbHBIH
YHUBEPCHTET.

|
Pazpaboruux:
IIpodeccop, moxTop dhus-Mar Hayk, </
npodeccop Kapeapsl TEOPETHIECKOH
(u3uKY 1 HAHOTEXHONOTHIA [Opuenko B.M.

[Iporpamma y4eOHOM THCIUILTMHB yTBEPK/ICHA HA 3acelaHuK Kadeapbl TeOpeTHYECKOH
(U3HKM ¥ HAHOTEXHOJOTHiA '

ITpotoxon Ne 19 ot «11» urons 2020 r.
3aB. xadeaps! TEOPETHIECKON (H3UKK H HAHOTEXHOIOTHH anad aproxuH B.H

IIporpamma yueGHOM MUCIMIUIAHEL of00peHa y4eOHO-MEeTOIMYecKoi KoMuccHed
(u3uxo-Texnuyeckoro daxynpreTa

I[Ipotokon Ne 6 ot «23» mionst 2020 r.

[Ipencenarens yue6GHO-METOAMIECKOH
KOMHCCHH (aKyabTeTa Koterxko B.H.
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1. OBJACTb HIPUMEHEHMS U MECTO JUCLUILJIMHBI B YYEBHOM
MMPOLIECCE:

HucturumHa «IIporecchl momydeHus HAHOYACTHII M HAHOMATEPHAJIOB)» OTHOCHTCS K
BapuaTUBHOU 4acTu bioka 1 «/{ucuumiuael (Moaysun)» mo HanmpasieHuto noarotosku 28.04.03
Hanomarepuains! (MarucTepckas nporpaMmma:; HaHOMaTepHalibl © HAHOTEXHOJIOTHH).

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

s u3ydeHus AaHHON yuyeOHOW AMCUMIUIMHBI HEOOXOAWMBI 3HAHUS, YMEHUS U HaBBIKU,
copMHpOBaHHBIE B NpOIECCE H3YYEHHUS MNPEeaMEeTOB «MOAEeTUpoBaHHE MHUKpPO- MU HAHO
CTPYKTYp»,  «®PuU3MKa TeTepO3NUTAKCUATIBHBIX HAHOCTPYKTYp», «Marepuaibl U METOIbl
HAHOTEXHOJIOTHIT» Ha MPEABIAYIIEM YPOBHE 00pa30BaHMS.

Cocrout u3 moayns: «IIporeccsl mosyuyeHuss HAHOYACTHIl U HAHOMATEPHAIOB».

[TomryueHHbIE 3HAHUS WCIONB3YIOTCS CTYACHTAMH BO BpEMs BBIMOJTHCHHS 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 JIHCLITIIMHA BapHATHBHOM YacTH
4acTH 00pa30BaTeIbHON MPOrPaMMBbI
®opmel kouTpost (MK, sk3amen, 3auer) DK3aMeH, MOAYJIbHBIA KOHTPOJIb
Mokasatem ouHas popma 3aouyHas popma
00y4YeHHUs 00y4YeHHs
KosmgecTBo 3a4eTHBIX enHUIL (KPEITUTOB) 6 6
I'ox moaroToBku 1 1
Cemectp 2
KonnuecTBo yacos 216 216
- JTEKIIHOHHBIX 16 2
- IPAKTUYECKHIX, CEMUHAPCKUX 32 6
- 1a00paTOPHBIX
- CaMOCTOSTEIILHON PabOTHI 168 208
B T.4. HHMBHIyaJbHOE 3a/IaHUE

HepnenpHOE KOIMYECTBO YACOB, 3 8

B T.4. ayIMTOPHBIX 3 8

3. OIMUMCAHME JUCHOUIIJINHBI
eau u 3agaumn.

Ilens — 3aximrovaeTcsi B MOJMy4YE€HUU YTIyOJICHHBIX 3HAaHUN B 0071acTU PU3NIECKUX OCHOB
(bOpMHUPOBAHUS CTPYKTYPHI M «OCOOBIX» CBOMCTB HAHOPA3MEPHBIX M HAHOCTPYKTYPHUPOBAHHBIX
MaTepuanoB: (GOPMUPOBAHUU Yy OYIYIIUX CHECIHUATUCTOB YMEHUH IUIS MCIIOJNB30BAHUS ITHUX
abdexToB mns  co3maHus HOBBIX (YHKIMOHAIBHBIX MAaTEPHATIOB 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 TPHUEMOB TMOJYyYCHHS HAHOCTPYKTYPHPOBAHHBIX MaTEPHAIIOB,
0030p uX (YHKIMOHATBHBIX CBOWCTB, TMOAXOJOB M MPUMEPOB pPa3pabOTOK HOBBIX
(GyHKIIMOHAJIBHBIX MaTEpHalioB, OCHOBAaHHBIX Ha CHEIU(UKE CBOWCTB HAHOOOBEKTOB H
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HAHOCTPYKTYPUPOBAHHBIX CHUCTEM; MPENOCTaBIEHUE CBEIEHUII 00 OCHOBHBIX MEPCIEKTUBHBIX
TEXHOJIOTHSIX.

TpeGoBanuss k pe3yJbTaTaM OCBOEHUSI AUCHMILUIMHBI: [Ipormecc u3yueHUS AUCHUILIMHBI
«[Ipormecchl TONyYEHUsT HAHOYACTUI[ W HAHOMATEPUAIOB» HAIpaBJICH HAa (OPMUPOBAHUE
3JIEMEHTOB cieAyronmx KommneTreHunil B cooTBercTBUU ¢ PI'OC BO P® mo HampaBieHUIO
noarotoBku 28.04.03 Hanomarepuanbl ¥ OCHOBHOW 00pa30BaTeNbHOM MPOTPaMMBI  BBICIIETO
podeCCHOHATBHOTO  00pa30BaHMUs HarpaBieHus noaroropku  28.04.03  Hanomarepuasisl
(Marucrepckast mporpaMma; HaHOMAaTepUaibl 1 HAHOTEXHOJIOTHH):

a) ynuesepcanvnuoix (YK):

CriocobeH OCyIIECTBIIATh KPUTHUYECKHH aHanu3 NpOOJIEMHBIX CHTyallMd Ha OCHOBE
CHCTEMHOTI0 TI0JIX0/1a, BeIpabaThiBaTh cTpaTteruio aeicteuii (YK-1);

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

Crioco0eH MPUMEHSTh COBPEMECHHBIE KOMMYHUKATHBHBIC TEXHOJIOTHH, B TOM YHCJIEC Ha
WHOCTPaHHOM(BIX ) si3bIKe(ax), TUTS aKaJIeMHYECKOTO u po¢eCCUOHAIBHOTO
B3aumoercteus(YK-4);

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

Croco0eH ompenensaTh U pealu30BbIBATh MPUOPUTETHl COOCTBEHHOW AESATEIHLHOCTU U
CIOCOOBI €¢ COBEPIICHCTBOBAaHUS Ha OCHOBE camoorieHKH (YK-6).

0) oowenpogpeccuonanvnuvix (OIIK):

CrniocobeH cTaBUTh M pellaTh MH)KEHEPHbIE M HAyYHO-TEXHUYECKHE 33a/a4d B OOJIACTH
MOJIYYCHHUSI U UCCIICOBAHMS HAHOMATEPHAJIOB U HOBBIX MEXIMCIUILUTMHAPHBIX HAINPABICHHUNA C
UCIIOJIb30BAHUEM €CTECTBEHHOHAYYHBIX U MaremaTnyeckux moneneit (OITK-1) ;

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

CriocobeH BBIMOJMHATH HUCCIEAOBAHUS TIPH PELICHUH HWHXXEHEPHBIX M Hay4HO-
TEXHUYECKUX 3ajady, BKJIOYas IUIAHWPOBAaHUE W TIOCTAHOBKY CIIOKHOTO OKCIIEPUMEHTA,
KPUTHYECKYIO OIICHKY M UHTepIpeTanuio pe3ynpratoB (OI1K-4) ;

CriocobeH WCIONIb30BaTh WHCTPYMEHTapuil (opManu3anuy HWHKEHEPHBIX, Hay4YHO-
TEXHUYECKHUX 3a7ay, NPUKIAJHOE TMporpaMMHOe oOecreueHue JUIsi MOJAETUPOBAHUA U
NPOCKTHPOBAHUS 00BEKTOB, cucTeM U mporeccoB (OITK-5) ;

CniocobeH pa3pabaTbIBaTh M aKTyalM3HpPOBaTh HAYYHO-TEXHUYECKYI NOKYMEHTALUIO B
obuyactu nonyuenust Hanomatepuanon (OITK-7).

8) npogpeccuonanvuvix (I1K):

HAYYHO-UCCNIe006AMENbCKAA OeAMENbHOCHb:

crocoOeH (OpMYITHpOBATh 3a/ladyd, CBS3aHHBIE C peanu3anuedl MpodecCHOHATBHBIX
dynxuuii (IIK-1);

CIIOCOOCH  CaMOCTOSITETPHO TIPOBOJHWTH  HAYYHO-HMCCIIENOBATENbCKHE pabOTHl 110
CO3JIaHUIO,MCCIICIOBAHUIO ¥ PUMEHEHHUIO HaHOCHUCTeM U HaHoMmarepuainoB(I1K-2);

Croco0eH K aHaJdu3y W OO0OOIIEHHIO PEe3yIbTaTOB HAYYHO-HCCIIEOBATEILCKUX PabOT,
MOWCKY W aHalu3y HAay4YHOU M TEXHWYECKOW WH(pOpManuud B 0O0JIACTH HAHOTEXHOJIOTHHA U
CMCXXHBIX IUCHUIIIINH 151 Hay‘IHOfI,HaTeHTHOﬁ n MapKeTI/IHFOBOﬁ MOAACPKKHU ITPOBOAHMMBIX
WCCIICTIOBAaHHM, K CAMOCTOSITENIbHON MOATOTOBKE MyOIUKAlMK B OTEYECTBEHHBIX U 3apYOEKHBIX
u3nanmsx (I[MK-3);

CIOCOOCH K aKaJeMUYeCKOW MOOWIBHOCTH, aKTHUBHOMY MapTHEPCKOMY Y4YacTHIO B
paboTe 3apyOeXHBIX HAYYHO-HMCCIEAOBATECIILCKUX JabopaTopuii BO BpeMs HAy4YHBIX



CT@KHUPOBOK, a TaKXKe IyTEeM IPE3CHTAlMd CTEHAOBBIX M YCTHBIX JOKJIAJOB Ha HAyYHBIX
koH(pepenmsx (I1K-4);

CHOCOOEH MPECTABIATh UCTOPUUYECKUE ATAlbl Pa3BUTH HAHOTEXHOJOTHH, BaKHEHUIINE
OTKPBITUSI OTEUECTBEHHBIX YUEHBIX, HanOoJee aKTyalbHbIe IPOOJIEMbI, CBS3aHHBIE C CO3JJaHHEM
Y IPUMEHEHUEM HAHOCHCTEM M HaHoMarepuanioB B Poccuiickoii ®enepanuu u B mupe (I1K-
5);

nPOU36800CHIBEHHO-MEXHOI02UYECKAA OeAMETbHOCHb:

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

CMOCOOCH K COCTAaBJICHUIO METOJUYECKUX IOKYMEHTOB (B TOM 4HCIE J1abOpaTopHOTro
JKypHaja) Ipy IPOBEICHUH Hay4HO-HCCICI0BATEIbCKUX U JabopaTopHbiX pador (ITK-7);

CMOCOOCH Y4YacTBOBATh B ONTHMHU3ALUMHU CYIIECTBYIOIIMX METOJIUK CO3/aHUS U
MPUMEHEHHUS HAaHOCHCTEMH HAaHOMAaTEpHaJiOB JJIsl YCHEIIHONW KOHKYPEHIMH Ha phIHKE HAeH U
texHozoruit (I1K-8);

OpP2AHU3AUUOHHO-YRPABIEHYECKAA 0eAMEeTbHOCHLb:

TOTOB K OCYIIECTBICHHIO OPraHW3allMOHHBIX  MEPOIPHUATHH 1O  pealn3alnuu
3aMJIaHUPOBAHHBIX HAYYHO-UCCIIEI0BATENIbCKUX PabOT, CIOCOOEH KOHTPOJIUPOBATH COONIOICHNE
TEXHUKH 0€30IIaCHOCTH U periiaMenTa BoinosiHeHus padot (I1K-9);

CHOCOOEH TMPOBECTH OKCHEPTHU3y HAyYHO-HCCIENOBATENbCKUX paboT B olmactu
Hanotexnosoruii (I1K-10);

CHOCOOEH PYKOBOAWTH KYPCOBBIMH M JPYTMMH KBaTHM(UKALMOHHBIMU paboTaMu
oOyuaronuxcs (0akanaBpoB) u ctaxkepos (ITK-11);

rOTOB K KOOMNEpaluu C KOJJIeraMH U paboTe B KOJUIEKTHBE, K OpraHu3aiuu paboTh
MaJibIX KOJUIeKTUBOB ucnonuuteneit ([1K-12);

NPOEKMHAs 0esIMeENbHOCIb:

CIOCOOCH y4acTBOBaTh B pa3padOTKe OW3HEC-IUIAHOB W OICHMBATH SKOHOMHYECKYIO
3P PEKTUBHOCTh M BO3MOXKHOCTh KOMMEpPLUAIN3ALUN HAYKOEMKOH MPOAYKIMH —HaHOCHUCTEM,
HaHOMAaTepHaIoB U u3zeaui Ha ux ocHoBe ([TK-13);

CIOCOOEH  y4yacTBOBaTh B  MOJAIOTOBKE U peAIM3allMd  HAay4yHbBIX IPOEKTOB
pecyOIMKaHCKOTO YPOBHS, a TaK)Ke MEXAyHapoJHbIX rpanToB ([1K-14).

B pe3yJsibTaTe n3yueHus JTMCUUINJIMHBI CTYAEHT J0JIKeH

3Harn:
° ¢usznyeckue OCHOBBHI (DOPMHUPOBAHMSI MAaTEPUAIOB C HETPAJAULIMOHHBIMU
CTPYKTypaMu: (ppakTambHBIX arperatoB; (QyuiepeHoB U (QylJepura; KIacTepoB H
KJ'IaCTepHBIX CHUCTEM, HaHopa3MepH},1x qaCTHII, aMOp(l)HI)IX nu HaHOKpI/ICTaJ'IJ'II/I‘-IeCKI/IX

MaTepHuaJlos;

. MeXaHU3M POpMUPOBaHUS AEPEKTOB B HAHOKPUCTAIUIMUECKUX MaTepuaax;

. MIPUYMHBIL, BbI3bIBatOIINE (HOPMHUPOBAHHE 36PHOTPAHUYHOM cerperamum.

o TEXHOJOTHYECKHE OCHOBBI (JOPMUPOBAHNUSI HAHOKPUCTAINTMYECKIX MaTEPHUAJIOB;
o ¢buznyecKne OCHOBBI MEPCIIEKTUBHBIX HAHOTEXHOJIOTHIA;

[ ]

MCTOJbI aHaJIn3a U UCCICIOBAHUA HAHOCTPYKTYP,

YMeThb:
. BbIOMpATh METO/ABI KOHTPOJIS CTPYKTYPhI U 1e(eKTHOCTH HaHOMAaTEepHaJIOB;
° BBIOUpATh  TEXHOJOTHMH  TOJIyY€HWs  HAHOYACTHIl, TUIGHOK, MAaCCHUBHBIX
HaHOMaTEPHAJIOB COOTBETCTBEHHO MOCTABICHHOW 3a/1a4u;
° BBIOMPATH YCIIOBHS CHJIOBOT'O HAHOTECTUPOBAHUS JJIS 3aJaHHBIX 00pa3IloB;

o OTIpEeAeNATh TUI 3€PHOIPAHUYHBIX CEerperamui.
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. noxoupath HEOOXOIUMYIO HJs MPOEKTUPOBAHMUS MAaTEpPHAOB C 3aJaHHBIMU
CBOICTBaMH CIIPaBOYHYIO JINTEPATYPY:
. 000CHOBAaHHO BBIOMPATH HAHOMATEPHAIIBI U PAIIHOHAIBHO X HUCIIOJIb30BATh.

BJIaIleTb: OCHOBaMH aHaJIM3a CBOMCTB HaHOMATCpHUaJIOB N1 METOAAMU HUX IIOJTYUCHUSA

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

ITPOOECCA

MopsiakoBbIi
HOMeEP U TeMa

KpaTlcoe CoAepKaHME€ TEMbI

Codepofcamenbnbtﬁ Mooyﬂb «Hpoueccw NOJ1YU€HUA HAHOUACMUY U HAHOMamepuaios»

Tema 1. Benenue.
Hanorexnonorun
METO/bl TOJYYCHUS
HaHOMATEpUaJIOB U
W3J1eIIUMN c
HaHOCTPYKTYpOM.

Knaccudukanus BemecTs MO arperaTHbIM COCTOSIHUSIM U pa3MEpPHbIM
XapakTepucTuKaM. TepMUHOJIOrn4eCcKre MOAXOAbI K ONMCAHUIO TOHATHUS
«HAHOMAaTEepUaID». Kpurnueckui pa3mep CyLIECTBOBAHUSA
HaHOKpHUCTANIMYeCKOro marepuana. Jlons rpanun pasgena B oOiieM
o0bemMe HaHOoMarepuasia. BO3HMKHOBEHHME HOBBIX KauecTB IpuU
YMEHBIIEHUU 00beMa BeIeCTBA

Tema 2. ba3soBsie

Kpucramnmueckue cTpykTypel. TpexmepHble M JBYMEPHBIE PELIETKH

MOHATHUSA ocHOB | bpaBe — mpuMuTHBHAs W 31eMeHTapHas suelku. JlanpHuii u OIMOKHUN

¢u3uk  TBEPAOIoO | MOpsIOK. Sueiiku BopoHOro. D1eMeHTHl TEOPUH CUMMETPUH.

Tena. Tunel cBs3ell B Marepuanax: MOJICKYJIpHAs M MOHHAas CBA3M; CIIHMH Kak
OCHOBAa KOBAJEHTHOW CBSI3M; KPUCTAUIBI C BOJOPOJHOW CBSI3BIO;
MeTaJUInYeCcKas CBsA3b U Mogens pyne.

Tema 3. Tune!r | Hanonzgenus. Muxpousnenus. MaccuBHbIE HaHOMATEPUAJIBL:

HaHOPa3MEPHBIX onHodasueie u MHorodasueie. KoMmo3uTel ¢ KOMIOHEHTaAMU U3

CHCTEM. HAaHOMAaTEPHUAaJOB.

Tema 4. l'omorennoe 3apojsiieodpazoBanue. ['eTeporeHHOE BO3HUKHOBEHHE

3aKOHOMEPHOCTHU MCTOYHUKA HOBOH (pa3pl. CKOPOCTh HOPMAIBHOTO pocTa Kpuctamia. Poct

3apOKJICHUS U POCTA | CTYIIEHEK HAa MOBEPXHOCTH 3apojbimia. [IpuuuHbl pasznmuuuii pa3mepoB

HAHOOOBEKTOB. HaHOOOBEeKTOB. KpuBble CBOOOAHOW SHEPruUu IS PasIUYHBIX (Ha30BBIX
cocrosHnii. Kputnmdecknii pasmep 3apojpllla B COOTBETCTBUU
TepMoauHaMuieckoit moaenbio Tonmbiro K.b.

Tema 5. Mogaens Konmoroposa - JI)xoncona — Mana — ABpamu. I[lpencraBienue

Teopetnueckue Appennyca. TepMoarHAMHKA «Pa3MBITHIX» (a30BbIX Mepexoa0B. Moenb

MO/JIEJTA UJeaNbHBIX CTPYKTYp. «®aza mycTOTB» H «Pa3MBIThI» (a30BBIN

3apojpIieodpazoBa | mepexo.

HUS U

KPHUCTAJUIM3ALINH.

Tema 6. Oynnepensl, QyaaepuTsl, HAHOTPYOKH. OCHOBHBIC 00JIACTH TPUMEHEHUS

Hanorexnonoruu. HAHOMATEPUAJIOB M HAHOTEXHOJIOTMH: KOHCTPYKLMOHHBIE MaTepHUallbl,
WHCTPYMEHTAJIBHBIE  MaTepualbl, MPOU3BOJICTBEHHBIE TEXHOJIOTUU,
TpuOOTEXHUKA, BOCHHOE JIETIO, SI/ICPHAs SHEPTETHKA, YIEKTPOMArHUTHAS U
AJIEKTPOHHAs! T€XHUKA, 3alllMTa MOBEPXHOCTH MaTepHaOB, MEIULIMHA U
OMOTEXHHKA

Tema 7. 3oip - Tedb MeEToA. [uMapo- UM COJIbBOTEPMAIbHBIA  CHHTES.

XuMuyeckuit cuHTe3 | XeMOCOPOIIMOHHOE — HapaluBaHUE CJI0eB. MeToa  MOJEKYJISPHOTO

HAHOIIOPOIIIKOB U

HacimanBaHusa. VIoHHOE HacllanBaHWE WM «CJIOH 3a CIOSM. OC&)K)I@HI/Ie
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HaHOCTPYKTYP. HAHOYACTHI] U3 ra3oBoil cpenbl. [1ma3MoXuMUUYecKuii METOJT MOTYyYEHHUS
HAaHOOOBEKTOB.

Tema 8. OnuTakcuagbHas caMocOOpKa reTepocTpyKTyp. I'paHruHas TOBEPXHOCTb.

DopMHUpOBaHHE [loBepxHocTHbie cuibl.  AncopOrus. Ilepuomuueckuii  moTeHIMA

reTEPOCTPYKTYP. KpUCTAJJIOB. DIJIEKTPOHHO — JBIpOouHBbIi ra3 u addekrsr Xoia.

@opMHUpOBaHUE ITOBEPXHOCTHBIX IIEPUOANYECKUX CTPYKTYP.

Tema 9. Meronasl
a”HaJIM3a

PentreHorpaduieckre MeToAbl aHaiau3a aMOP(HBIX ¥ HAHOKOMITO3UTHBIX
cTpykTyp. [IpuMeHnenre Meroga MajJoyrioBOro paccesiHus PEHTT€HOBCKUX

HAaHOKOMIIO3UTHBIX [Iydeil Uil aHalu3a CTPYKTYpbl amMOp(HBIX CIUIAaBOB M HaHO(a3HBIX

CTPYKTYP. KOMITO3UTOB. DJIEKTPOHHOMUKPOCKOIMMYECKHE METOAbl HCCIIeOBAHUS
CTPYKTYpPbl ~CIUIABOB C aMOppHOH U  aMOpP(HO-KPUCTALTHYCCKOMI
CTPYKTYpOIL.

Tema 10. | OddexruBupie  kodpdunmentsr  auddy3un,  KOHTPOIUPYIOIINE

AmMopdHbIE  MeTa-
JIMYECKUE CIUIABHI.

KPUCTAJUIM3ALUI0 CTEKOJ. MeXaHHyecKkre CBOWCTBA METaJNIMYECKUX
crekoin.  Mexanm3mbl 1uGQy3UH B HEYMOPSAOYEHHBIX CTPYKTypax.
MexaHu3mMbl M KHHETHKa IIPOLIECCOB CTPYKTYPHOM pellakcaluu B
METANIMYECKUX CTeKJIax. BiusHue peakcallMOHHBIX IPOLIECCOB Ha
CTPYKTYpY U cBOCTBa aMOp(HBIX crutaBoB. CTek1000pa3HbIi mepexo B
pacriaBax M CTeKJax.

Tema 11.
MexaHu3MBI nu
KUHETHKA
KPHUCTaJUIN3aLNU

aMOp(HBIX CIUIABOB.

MexaHu3mMbl M KHUHETHKA KPHUCTAJUIM3AllMK  aMOP(HBIX  CIUIABOB.
MexaHu3Mbl  3apOKJICHHUS] KPHUCTAJIUIOB B paciulaBaXx M CTEKJax.
MexaHu3mMbl TPOIECCOB POCTa KPHUCTAUIOB B aMOP(HBIX CIUIaBax.
Mertoap! ucciaeaoBaHus KpucTaum3anuu aMmoppHeIx das.

Tema 12.
TepmoanHamuka
MPOLECCOB
3apOKJICHUSA U pOCTa
KPHCTAJJIOB B
amophHOI1 MaTpuIle.

TepMoauHaMUueCcKe M KUHETHYECKHME MapaMeTpbl, KOHTPOIUPYIOLINE
3apOKJIEHUE U POCT KPUCTAIIOB B aMOP(HBIX CIUIaBaX. 3aKOHOMEPHOCTH
dhopMUpOBaHUS HAHOKPUCTAIUIMYECKUX (a3 B amMOp(PHBIX CIUIaBax.
MarHuTHble U1 MEXaHUYECKHME CBOWCTBA CIUIABOB C HAHOKOMIIO3MTHOM
CTPYKTYpPOH.  DBTEKTHYECKas KPUCTAUIM3AIUS PACIUIaBOB U CTEKOJL
MexaHu3MBbI CTAlMOHAPHOTO M HECTALIMOHAPHOTO MpoIecca pocTa.

TemaTnyecknii mjiian

ConepxareJbHbIH MOAYJIb : « Ilpoyeccol noayuenua nanovacmuy u HAHOMAMeEPUAIO8)

KoaudecTBO yacoB
Ounas ¢popma 00y4eHuUst 3aounasi popma oOyuenust
B T.4. B T.4.
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Tema 1. Bgenenue.
Hanorexnonoruu METOIbI
nonyueHuss HaHomarepuanoB [ 20 | 2 | 4 14 176 | 0,1 | 0.5 17
u 11631 (9707 c
HaHOCTPYKTYpPOM.




Tema 2. basoBble mOHATHS

20| 2 | 4
OCHOB (PM3HKH TBEPJIOTO TeJA.

14

17,6

0,1

0.5

17

Tema 3. Tuner
HaHOPa3MEPHBIX CUCTEM.

20| 2 | 4

14

17,6

0,1

0.5

17

Tema 4. 3akoHOMEpHOCTHU
3apOKICHHS U pOCTa 17 | 1 | 2
HAaHOOOBEKTOB.

14

17,6

0,1

0.5

17

Tema 5. TeopeTuyeckue
MOJIeNN
3apoJiplIe00pa3oBaHus U
KPUCTAJUIM3AIUH.

17 11 |2

14

17,6

0,1

0.5

17

Tema 6. HanorexHosoruu. 17 119

14

17,6

0,1

0.5

17

Tema 7. XUMUYECKUI CUHTE3
HaHOIIOPOIIIKOB 1 17 | 1 | 2

HaHOCTPYKTYP.

14

17,6

0,1

0.5

17

Tema 8. ®opmupoBaHue
TETEPOCTPYKTYP.

17 11 |2

14

17,6

0,1

0.5

17

Tema 9. Mertonsl anamusza
HaHOKOMITO3UTHBIX CTPYKTYD.

20| 2 | 4

14

17,6

0,1

0.5

17

Tema 10. AmopdHbIe MeTa-
JIMYECKUE CIUIABHI.

17 1 1 | 2

14

17,6

0,1

0.5

17

Tema 11. MexauusmMel u
KMHETHMKAa  Kpuctajummsanuu | 17 | 1 | 2
aMOP(HBIX CIUIABOB.

14

17,6

0,1

0.5

17

Tema 12. TepmoanHamMuka
MPOIIECCOB  3apOXKICHUS U
pocrta KpUCTAJJIOB B
aMop(HOI1 MaTpuiie.

17 11 | 2

14

22,4

0,9

0,5

21

Hmozo no
cooeprcamenbHomMy mooyaro | 216 | 16 | 32

168

216

208

Bcezo uacoe no mooynwo
216 | 16 | 32

168

216

208

S.METOAUYECKHUE PEKOMEHJALIMU IS ITPOBEAEHUA JIEKIIMOHHBIX,
MNPAKTUYECKHUX U TABOPATOPHBIX 3AHATHUM.

TeMbl JJeKIIMOHHBIX 3aHATHH

Ne Konuuecmeo
i Ha3zeanue memot wacos

1 |[Bemenuwe. HaHOTeXHONOTMM METOABI TMONYYEHHUS HAHOMATEPUAIOB U 2

W3/IeTTNI ¢ HAHOCTPYKTYPOH.

2 |ba3oBbIe MOHATHS OCHOB (PU3HUKH TBEPAOTO TEIIA. 2

3 [Tumbl HaHOpPa3MEPHBIX CUCTEM. 2

4 |3aKOHOMEPHOCTH 3apOKJIEHUS M POCTa HAHOOOBEKTOB. 1

5 [Teopernueckue Moaenu 3apoableoOpa3oBaHus M KPUCTAIM3AIINN. 1




6 [Hanorexnomnoruw. 1

7 [Xumuueckuii cCHHTE3 HAHOMIOPOIIKOB U HAHOCTPYKTYD. 1

8 |DopMupoBaHUE FETEPOCTPYKTYP. 1

9 [Meroabl aHaIM3a HAHOKOMITO3UTHBIX CTPYKTYP. 2

10 |AmopdHbIe MEeTaUTMYECKUE CILTABBI. 1

11 |MexaHU3MBI ¥ KHHETHKA KPUCTAILTA3AIMH aMOP(HBIX CIUIABOB. 1

12 |TepmoamHamuKa MPOLIECCOB 3aPOKACHUS U POCTa KPUCTAIIIOB B aMOP(HOMH 1
MaTpule.

BCEI'O 16
TEMBI IPAKTUYECKHX 3AHATUM
Ne Konuuecmeo
wn Haszeanue memut wacos

1 |VpaBuenwus JlanxeBeHa u HaHotpuOoorus. Stick — slip mporueccsi. 2

2 |[Kapbumn, rpaden u rpadan, rpaput 2

3 |Kpucrammmueckue CTPYKTypel W THIBI KpucTayuioB. Pemerku bBpase: 5
KOA((UIIMEHT YIaKOBKU, HHACKCH Muiiepa u 31eMeHThl CHMMETPUH.

4 |M3nyuyeHus Tpex TUMNOB U 3akoH bparra. Meron Jlays. Metos BparieHus 5
Kpucrauia. Meroz nopouka.

5 |O6parnas pemerka. 3oubl bpmumosna. CTpykTypHblil (akrtop Oasuca u 2
ATOMHBIN pakTop miu Gopm — pakTop

6 [TemmeparypHasi 3aBHCHMOCTH JHMHHI OTpaxkeHHs - (axrtop Jlebas — 5
Yomnepa.

7 |Kpucramnel uHepTHbIX Ta3oB. Cuibl Ban — mep — Bambca — Jlonmona.
PaBHOBECHBIE MOCTOSIHHBIE pelIeTKU. JHeprus cBs3u. CKuMaeMocTb U 2
00BEMHBIH MOJTYJTb YIPYTOCTH.

8 |[AonHble kpucTamiael. OHeprus MajenyHra WM 3IEKTPOCTaTHYeCKas 9
pHeprus. [loctosinnas Manenynra. OObeMHBIH MOYJb YIIPYTOCTH.

9 [KoBaneHnTHble KpuCTaUIBL. ['oMomosipHas cBsA3b. Ponb cniMHA W MPUHIAT
[laynu. Ponp B3aMHOW OpHEHTAllMM COMHOB B  (HOPMHUPOBAHHH 2
KYJIOHOBCKOM dHEprun - oOMEHHasi YHeprusl.

10 |Kpucramiel ¢ BOAOpoAHBIMHU CBsi3siMH. OCHOBHBIC TIOHSATHS MOJIEKYIISIPHOM 9
TeHETUKU: TUMUH, aJICHUH, ITUTa3UH, T'yaHUH.

11 [Metamnmuueckas cBsi3b. Mogens [pyne. Oynknus pacrpeneneHus: Gepmu
qactull. @epmu- u bose- yacTuipl. DeKTpocTaTUUECKast SHEPrus JBabja. 2

12 |Cesazannbie 00bekThl ND — HAHOOOBHEKTOB. 2

13 [Xaoc, mrym, 3proqu4HOCTb, TIEpEMENIBAHIE 2

14 [KorepeHTHOCTH U JIOKanu3anus. Me3ockonuyeckue QIryKTyaruH. 5

15 |TemnsoBble U KBaHTOBBIE QuIyKTyaunu. MoJieiab CpeAHEro Mot U ypaBHEHUS 2
['nH30ypra — Jlanaay.MoHoanekTpoHHbIE 3()(PeKThl. X0JUI0BCKas )KUAKOCTh

16 [YpaBuenme Jlamnmaca u ¢pakrtanbHble KiacTepbl. da3oBbie Mmepexoabl B
HAaHOKJIACTEPaX. 2
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IBCETO 32
6. METOANYECKHE PEKOMEHJAIINA 110 OPTAHU3ALINA
CAMOCTOSATEJBHOU PABOTBI CTYJAEHTOB.
Opranuszanus caMoCTOSITeJIbHON PadoThI CTY/IEHTOB
Ne Konuuecmeo
i Haszeanue memot waCOs
1 | KBasuuactuuel. @oHOHBI B HaHOKpHCcTaax. Jlokcutonsl. HanokacTepsl. 11
2 |Kputndeckuii pasmep CyleCTBOBaHUS HAHOKPUCTAIUIMYECKOIO MaTepuasa. 11
3 |Camoopranu3zanus u GppakTabl. 11
4 |OyHKUMS CTIEKTPA CUHTYJISPHOCTEH. 11
5 |Ynopyrue gegopmaiiii B HAHOCUCTEMAX: - IIOCTOSIHHBIE YIPYTOi 11
MOJATIIMBOCTH U YIIPYTOM KECTKOCTH
6 [[ImotHOCTH ynpyroii sHeprun. OOBEMHBII MOTYIb YIIPYTOCTH H 11
C)KMMAEMOCTh
7 [YpaBuenus xonebanuii B HaHOMaTepuanax. [ pynmnosas u ¢a3oBas 11
CKOPOCTH paclpoCTpaHeHUs! OHOHOB B YIIPYTUX cpefax. AKyCTHYECKHE U
ONTHYECKUE KOoJieOaHUsT JOHOHOB
8 [Toueunsie WK HYJIb — MEPHBIE NePEeKTH. BakaHCHM U MX KOMIUICKCHI, 11
aTOMBI 3aMeIlleHUs U aToMbl BHeipeHus. Cerperanus u ypaBHeHus Duka.
ABnerne nuddy3un.
9 |dunamuka auciokanuii. JIMCIOKaMU U KpayAHOHBI KaK IPUMEPHI 11
0JTHOMEpHBIX AedekToB. KpaeBble 1 BUHTOBbIE JUCIOKaluu. BekTop
broprepca.
10 |['panuibl pa3zgena B HAHOKpHCTALIAX: MeK(a3HbIe U MEKKPUCTAILUTUTHBIC 11
(MM MeX3epeHHbIE) IPAaHULIBI — ABYMEpPHBIE HJIU TTOBEPXHOCTHBIE 1€(EKThI
11 |[Tops! u Tpeunsl. Monenu Upsuna, Oposana u I'puddurca. 11
[IpencraBinenue bapenobnarra.
12 |®ynnepensl, QymnepuTsl U QymIeponibl. YTiaepoIHble HAHOTPYOKH. 11
13 |Hanomarepuains! 1 ux npuMmeHenue. JledekTrl, IpOUHOCTh U MIACTUYHOCTh 11
14 |YcranoctHoe paspyuienre. HaHOKOMITO3UTHI. 11
15 |MuTencuBHas niuactuyeckas aedopmarus. MacimtaOHble ypOBHU 14
negopmanuii.
BCEI'O 168

7. AHAUBU Y AJIBHBIE 3AJIAHUSI.

Tembl 1151 BHITIOJIHEHHS] HHAUBHUAYAJIBHOI padoThl (TeMbl pedepaToB, CEMUHAPOB)

Buaer mnasmoHoB. I1nasMoHHEBIE COCTOSHMS.
®doTtoHHBIE KpUCTAIUTHL. J(ndpakiinoHHAsT ONTHKA.

OnTHyeckue Mpoueccsl B HAHOCTPYKTYpax.
Meramarepuansl.
[TepexpectHble TepMuueckue 3P PexTo.

ook wndE

[Tepemenienre GOTOHOB B KpucTaIaX. AKYCTHUECKHUE U ONTUYECKUE KOJICOAHMUS.
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7 [TopomkoBast metayutyprusi. AMopdu3zanus.

8. TexHonorust 00pabOTKH MOBEPXHOCTH.

9. Hanomarepuaisl ¥ uX NIpuMEHEHHE.

10. BsaumojelicTBHE CIMHA C MATHUTHBIM 1oJieM. OCHOBBI TEOPUH MarHeTU3Ma.
11. Hawnowmsnenus. Mukpousaenus.

12. MaccuBHbIe HaHOMaTEepHAIBL: 0 qHO(A3HBIC U MHOTO(a3HBIE.

13. Komrmo3uTsl ¢ KOMIOHEHTaMU U3 HAHOMAaTEPHUaJIOB.

14. OcobeHHOCTH CBOWCTB HAHOMATEPHUAJIOB.

8. KOHTPOJIBHBIE BOITPOCHI K TIPOMEXYTOYHOM ATTECTAIIUA

1. Knaccugukaius BemecTB 10 arperaTHbIM COCTOSHUSM M Pa3MEPHBIM XapaKTEPUCTUKAM.
2. TepMUHOJIOTMYECKHE MOIXO0AbI K ONMCAHUIO IOHATHS «HAHOMAaTepUa.

3. Kputnueckuii pazmep CyliecTBOBaHUs HAHOKPUCTAIIMYECKOTO MaTepHraa.

4. Jlons rpaHul pasjena B o01eM o0beMe HaHoMaTepuaa.

5. Bo3HMKHOBEHME HOBBIX Ka4eCTB NP YMEHBLICHUH 00beMa BEIIECTBA.

6.
7.
8.
9.

10.
11.

12.
13.
14.

15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.

26.
27.
28.
29.
30.
31.

32.
33.

Kpucrannudeckue CTpyKTypsl.

TpexmepHble U AByMepHBIE pelieTku bpaBe — mpUMUTHBHAS U 3JI€MEHTapHasl SIUEHKHU.
JlanpHUM ¥ OJVIKHUN TTOPSJIOK.

Sueliku BopoHoro.

ONEMEHTBI TEOPUH CUMMETPHH.

Tunsl cBszell B Marepuanax: MOJEKYyJspHass U HOHHAs CBA3M; CIHMH Kak OCHOBa
KOBaJICHTHOM CBSA3H; KPUCTAJLIBI C BOJOPOJHOM CBA3BIO; METAJUINYECKAS CBSI3b U MOJEINb
HApyne.

Hanousznenus.

Muxkpounsnenus.

MaccuBHble HaHOMaTepuanbl: ofHO(a3Hble M MHorogasHsle. KommosuTsl ¢
KOMITOHEHTaMH U3 HAHOMATEpHaJOB.

I"'omoreHHoOe 3apo/ibilie00pa3oBaHue.

['ereporeHHOE BOZHUKHOBEHUE UCTOYHUKA HOBOM (pa3bl.

CKOpOoCTh HOPMaJIBHOI'O POCTa KPUCTAILIA.

Pocr cTynenek Ha NOBEPXHOCTH 3apObIIIa.

[TpuunHbl pa3nuuuii pa3MepoB HaHOOOBEKTOB. KpuBble CBOOOJHOW SHEpruu Ais
pa3IU4HbIX (Pa30BbIX.

Monens Konmoroposa - /[xoHcona — Mana — ABpamu.

[IpencraBnenue Appenuyca.

TepmoauHaMuKa «pa3mMbITHIX» (a30BbIX MEPEXOIOB.

Monenb uneanbHbIX CTPYKTYp. «Paza MycTOThD» U «Pa3MBbIThIN» (a30BbIi epexos.
Oynnepensl, QyIepuThl, HAHOTPYOKH.

OcHoBHblE  OOJacTH  NPUMEHEHHs]  HAaHOMATepuajioB U HAHOTEXHOJIOTHIA:
KOHCTPYKLIMOHHBIE MaTepHajbl, MHCTPYMEHTAJIbHbIE MaTEpHUalbl, NPOU3BOJICTBEHHBIE
TEXHOJIOTHH, TPUOOTEXHHKA, BOEHHOE JIEJI0, S/IepHas dHEPreTUuKa, AIEeKTPOMarHuTHas U
AIIEKTPOHHAs TEXHUKA, 3allUTa MOBEPXHOCTH MaTepPHAaJIOB, MEIUIIMHA U OMOTEXHHUKA.
30716 - T€IIb METO/.

I'nznpo- 1 conbBOTEpMAIIBHBIN CUHTES.

XeMocopOLHOHHOE Hapal[MBaHUE CIIOEB.

MeToa MONEKYJIIPHOTO HacIauBaHUs.

HNoHnHoe HacianBaHUE WIH «CJION 3a CIIOEM.

OcaxxieHue HaHOYacCTHI] M3 ra3oBOoi cpelpl. [lmazMoxuMuUecKuid METOA MOJy4YEHHS
HaHOOOBEKTOB.

OnuTakcuagbHas caMocOOpKa reTepoCTPYKTYP.

I'paHn4Has IOBEPXHOCTb.
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34. TloBepXHOCTHBIE CHUJIBI. AZICOPOITHS.

35. Ileppoauueckuii MOTEHIMAI KPUCTAIIOB. DJIEKTPOHHO — ABIPOYHBIA Ta3 U 3PPEKTHI
Xomra. @opMupoBaHKE MOBEPXHOCTHBIX MEPHOIHMUECKUX CTPYKTYP.

36. PenTrenorpaduyeckue METObI aHAIM3a aMOP(HBIX H HAHOKOMITO3UTHBIX CTPYKTYP

37.TlpumeHeHne MeToJa MAJIOYTJIOBOTO PAaCcCesHUs PEHTTCHOBCKUX JIyded Ui aHaiu3a
CTPYKTYpbI aMOP(HBIX CILIABOB ¥ HAHO(A3HBIX KOMIIO3UTOB.

38. DIIEKTPOHHOMUKPOCKOITMYECKUE METOABl  UCCIIEAOBAaHMS  CTPYKTYPhl — CIUIAaBOB  C
amMop(HOI 1 aMOPPHO-KPUCTAITHUECKONW CTPYKTYPOil.

39. Db dexTuBHBIC KOdPIULIUECHTH TU(DPY3UH, KOHTPOIUPYIOIINE KPUCTAIUTU3AIMIO CTEKOJI.
MexaHnyeckue CBOMCTBA METAIIIMYECKUX CTEKOJL.

40. Mexanm3Mbl TUQQPY3Ud B HEYHOPSIOUYEHHBIX CTPYKTypax. MeXaHW3Mbl M KHHETHKA
IPOIIECCOB CTPYKTYPHOH pEeTaKCcallii B METATMYECKUX CTEKJIAX.

41. BnusiHUE peNaKkCaIllHOHHBIX MPOIIECCOB HA CTPYKTYPY M CBOWMCTBA aMOP(HBIX CIUIABOB.
Crekio00pa3HbIil IEpexo/] B pacIuiaBax U CTEKJIaX.

42. MexaHU3Mbl ¥ KHHETHKA KPUCTAJUIU3alUU aMOP(HBIX CILJIABOB.

43. MexaHu3Mbl 3apOKIICHHsI KPUCTAJUIOB B pacijlaBax M CTEKJIaxX. MexaHW3MbI IPOIECCOB
pOCTa KPUCTAUIOB B aMOPQHBIX CIUIaBaX. METOIbl HUCCICIOBAHHS KPHCTALTU3AIHH
amMopdHBIX (has3.

44, TepMOAMHAMUYECKAE M KUHETHYECKHE MapaMeTPhbl, KOHTPOJUPYIOIIUE 3apOXKICHHE U
POCT KPHUCTAJIOB B aMOP(HBIX CIIIaBax.

45. 3aKk0OHOMEpHOCTH (POPMHUPOBAHUS HAHOKPHUCTAIUIMYECKUX (Da3 B amMOp@HBIX CILIaBax.
MarHuTHblE M MEXaHHYECKHE CBOHCTBA CIUIABOB C HAHOKOMIIO3HTHOW CTPYKTYpOIi.
DBTEKTUYECKAasl KPUCTALTU3AIHS PACIIJIaBOB U CTEKOJL.

46. MexaHU3MBI CTAI[HOHAPHOTO U HECTAI[IOHAPHOTO IpoIlecca pocTa

9. OBPA3BELl MOAYJIBHOI'O KOHTPOJIA
(obpaszey sapuanma u Kpumepuu OYeHUSaHUs)

roy BIIO «IOHEIKUA HAIIMOHAJIbHbIA YHUBEPCUTET»
®dusnko-TeXHUUECKUH PaKkyabTeT

Hanpasnenue noocomoexu: 28.04.03 Hanomamepuanot

Maeucmepckas npoepamma: HaHomamepuaivl U HAHOMEXHO102UU

IIpoepamma noocomosku: Mazucmpamypa

Cemecmp 2

Yuebnas oucyuniuna HPOHECCHI IIOJIYYEHUA HAHOYACTHII U
HAHOMATEPHAJIOB

MOAYJIbBHASA KOHTPOJIbHASI PABOTA
BAPUAHT Nel
1. Pentrenorpaguueckrie METO bl aHaI13a aMOP(GHBIX 1 HAHOKOMIIO3UTHBIX CTPYKTYP.
2. I'panuyvHas MOBEPXHOCTb.
3. @ymnepensl, QyIepuThl, HAHOTPYOKH

VYTBepKaeHO Ha 3aceTaHnu Kadenpoit TeopeTudeckoit GU3NKN U HAaHOTEXHOJIOTHH,
poTOKOJ Ne or“ ” 20 1.



3aB. kadempoii

[IpenonaBarens

Kpurtepuu oneHuBanus MO1yJIbHOT0 KOHTPOJISI

Homep 3a0anusn Konauuecmeo oannos
3ananue 1 10
3aganue 2 10
3amanue 3 10
Bcezo 30

10. OBPA3EL DK3AMEHAIIMOHHOTI'O BUIETA
(meopemuueckue 80NPOCHI K IK3AMEHY, 00pasey duiema u Kpumepuii OyeHU8aHus1)

Teopemuueckue 60onpocwl K IK3ameHy

1. Knaccudukanus BEIIECTB U MAaTEPUATIOB IO pa3MePaM CUCTEM.

2. JIBymepHbIe U TpeXMEpHbIE peleTKu bpaBe. DneMeHTbl CHMMETPUHU B HAHOCUCTEMAX U

KpUCTaJIIax.

Kputnueckuii pasmep CyliecTBOBaHUS HAHOKPUCTAIUIMYECKOTO MaTepHara.

Joms rpanuil paszjena B 001meM 00beMe HaHoMaTepuasa.

5. Merobl oay4yeHHs: METAJUIMYECKHUX CIJIaBOB B aMOP(PHOM COCTOSTHMH. MeTo1bl
UCCJIEIOBAHMSI CTPYKTYPbl METAIIIMYECKUX CTEKOJL.

6. CTpyKTypa ¥ CBOMCTBA XHJIKMX METAJIJIOB U CIJIaBOB. MacCUBHbIE HAHOMATEPUAIIbI:
onHo(dazHbie 1 MHOTO(a3HbBIE.

7. Metoapl NOTYYEHUsI METANIMYECKUX CIIIIaBOB B aMOP(HOM COCTOSIHUU. MeTo/ bl
UCCJIEIOBAHMSI CTPYKTYPBl METAIUTMUECKUX CTEKOJI.

8. Mexanusmsl 1udy3un B HEYNOPSA0UEHHBIX CTPYKTypax.

9. BimsiHUE penakcanoHHBIX MPOIECCOB HAa CTPYKTYPY M CBOMCTBAa aMOP(HBIX CIIABOB.

10. MexaHu3MBbl 3apOXk/I€HUS KPUCTAJUIOB B pacijlaBaxX M CTEKJIaxX. DBTeKTHUYECKas
KPUCTAJIIIM3ALUs PaCIlIaBOB U CTEKOJL.

11. MexaHu3MBbl CTAllMOHAPHOTO M HECTALIMOHAPHOT'O MpoLecca pocTa.

12. I'pynmoBast 1 ¢a3o0Bast CKOPOCTH pacrpocTpaHeHHs: POHOHOB B YIIPYTHUX Cpelax.

13. Tuns! cBs3eit B HaHOMaTepuaiax. FIOHHbIE U MOJIEKYJISIPHBIE CUCTEMBI.

14. KoBasieHTHBIE U BOJOPOAHbBIE KpUCTAIUIBI. MeTanndeckas cBsi3b. HopManbHblil 1
AQHOMAJIbHBIM CKUH — 3P PEKTHI.

15. Knaccuduxanus 1epexToB B HU3KOpa3MEPHBIX MaTepraiax.

16. Hanomarepuaisl ¥ uX npuMeHeHue. JlegexTsl, IPOYHOCTh U IIACTUYHOCTb.

17. TepmonnHamMuyeckie U KHHETUYECKUE MTapaMeTPbl, KOHTPOJIUPYIOIINE 3apOKICHUE U
POCT KpUCTAJUIOB B aMOP(HBIX CIIIaBax.

18. lnTeHcuBHas macTuyeckas Aedopmariis. MacmraOHbIe ypoBHU jJe(opMariuii.

19. Ypasuenue Jlannaca u ¢ppakranbHbie kiaactepsl. Pa3oBble Mepexo/ibl B HAHOKIACTEPaX.

~ow

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

Hanpasnenue noocomosxu: 23.04.03 Hanomamepuanwi
Mazucmepckas npoepamma: HaAHOMamepuabl U HAHOMEXHON02UU
IIpocpamma noozomosxiu: mazucmpamypa
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Cemecmp 2
Yuebnas oucyuniuna HPOHECCHI IIOJIYYEHUA HAHOYACTHII U
HAHOMATEPHA/IOB

BHJIET Nel
1. Mexanusmsl 1uQQy3un B HEYOPSIIOUYECHHBIX CTPYKTYpPaX.
2. DJeMEHThl CHMMETPUH B HAHOCUCTEMAaX U KpHCTalIax.
3. Merannnueckas CBs3b.

VTBepKJI€HO Ha 3acefaHuu Kadeapoll TeopeTHuecKo (U3MKH M HAHOTEXHOJOIMH,
pOTOKOJ Ne or“ 7 20 r.

3aB. kadenpoii

DK3aMeHaTop

I(pumepuu OUCHUBAHUA IK3AMEHA

Homep 3a0anusn Konuuecmeo oannos
3aganue 1 15
3agaHue 2 15
3amanue 3 20
Bcero 50 6a10oB

11 KPUTEPUU OLUEHUBAHUSA
ITo xypcy «lIpomeccsl TOTY4YEeHUsI HAHOYACTHII M HAHOMATEPUAIOBY» IMPEIIOIaracTcs MpoBeIeHUE
IIPOMEKYTOUHOM aTTeCTAallMU B BUJE MOAYJIBHOTO KOHTPOJIS, BBIMOJIHEHNE UHIUBUIYaIbHON PabOThI
M DK3aMeHa. DK3aMeH CIIAI0T CTYJCHTHI C IeJTbI0 TIOBBIIIEHUS PEHTHHTA.
Pacnpeoenenue 6annos, Komopwvie mozZym noiy4ums cmyoeHnnvl
6 npoyecce uzyueHus OUCHYUNIUHbL

OprannzannoHHo CPC Bcero
y4eOHas paGora HNupuBuayanbuas | MoayabsHselil | MaauBuayaabHas
CTyACHTA pabora KOHTPOJIb |TBOpYeckasi padora
Max 10 6amnoB max 5 6amioB max 30 max 5 6amios 100 6amoB
0amnoB

IlIxana coomeemcmeus 6an106 HAUUOHATILHOU WIKAlE

Onenka Ounenka no OneHka 1o rocy1apcTBeHHON IKaJie Ounenka no
no mkaje | 100-6anabHoiM (3x3ameH, TuddepeHINPOBAHHBIN 3a4eT) rocy1apcTBeHHOM
ECTS HIKaJIe HIKaJje (3a4er)
A 90-100 5 (OTIIUYHO) 3a9TCHO
B 80-89 4 (xoporo) 3a4TE€HO
C 75-79 4 (xoporio) 3a9TCHO
D 70-74 3 (yIOBIETBOPUTEIHHO) 3a4TEHO
E 60-69 3 (yIOBJIIETBOPUTEIIBHO) 3aYTEHO
FX 35-59 2 (HeYIOBJIETBOPUTEIHLHO) HE 3a4TEHO

C BO3MOXXHOCTBIO TIOBTOPHOM ClIauu
F 0-34 2 (HeyIOBJIETBOPUTEIHHO) HE 3a4TCHO
C BO3MOXXHOCTBIO TIOBTOPHOM CJIau¥l MPH YCIOBHH
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‘ ‘ 00s13aTeIpHOTO HAOOpa JAOTOTHUTEIIBHBIX 0aJIJIOB ‘

12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHUE YYEBHOI'O

IMPOLECCA.
JlekIIMOHHBIE U NPAKTUYECKUE 3aHATHUS 10 yuyeOHoH nuctuminHe «lIponecchl nmomyueHus
HAHOYACTUI] ¥ HAHOMATEepUAJIOB» IPOBOAATCS B yueOHoil nmabopatopun  «DPu3uKa

nuanekTpukoBy Ne 013, o0opyaoBaHHOW KOMIUIEKTOM ydeOHOM meOenu Ha 18 mocamodHbIX
MECT, KOMIUIEKT pa0ouero Mecra mpernojaBaTelis, MeJioBasi J0ocka, | yCTaHOBKA /Il H3MEPEHUs
KPUCTAJUTMYECKUX CBOWCTB Marepuanos,l M3mepurenvHbiii xkomiuiekc P2-23A,1 HOyTOykK ¢
JUIEH3UOHHBIM  MPOTrpaMMHBIM  oOecriedyeHueM, jgoctynom k ceru  HWurepuer, 1
MYJIbTUMEIUINHBINA TPOEKTOP, |1 3KpaH NEepeHOCHOM.

CamocTosiTenpHast paboTa CTYACHTOB IMIPOXOIUT B UnTanbHOM 3ajie Ne 3 aBropedepaToB u
JTUCcCcepTaluii, YKOMIUIEKTOBaH KOMIUIEKTOM yueOHoW wmeOenu Ha 50 mOcago4yHBIX MECT,
OCHAIIIEH KOMIIBIOTEPOM B KOMIUIEKTe (2 IWIT.), pacmojoXeH mo aapecy r. JloHeuk, mp.
Teatpanbubiid, 13, ka6. 106.

NunuBunyanbHble W TPYIINOBBIE KOHCYJIbTAIMM  CTYJIEHTaM JUIi  TPOBEICHUS
CaMOCTOSITENIbHOM paboThl MPEAOCTABISIOTCS B KabuHeTe Kadeapbl TEOpeTHUeCKON (U3UKH U
HAaHOTEXHOJIOTUN, YKOMIUIEKTOBAaHHOM KOMIUIEKTOM MeOenu Ha 12 MmocajJouyHbIX MeEcCT,
OCHAIIIEHHOM KOMIIBIOTEPOM B KOMIUIEKTe (1 IIT.), IPUHTEPOM, CKAHEPOM, PACIIOIOKEHHOM IO
anpecy 1. Jonenx, np. Tearpanbusiii 13, aya. 256.

13.  PEKOMEHJOBAHHAS JIUTEPATYPA

Kou-Bo Hanunumne
Ne IK3EMILIAPOB | DJIEKTPOHHOM
HaunmenoBanue
n/n B OnO.1MoTeKe BepcuM B
JlonHY 9bC

Ocnognas n1umepamypa

1. IOpuenko B.M. Ilpomecchl monydeHuss HAHOYACTHI[ U
HaHomatepuanos/ B.M. IOpuenko, C. B. Tepexos,
T.H.Menbauk ; I'OY BIIO "Jloneukuii HalMoOHaIbHBIN
YHUBEPCUTET", DU3BHKO-TEXHUYECKUN bakynbTer, +
Kadenpa Teopernueckoit Gu3NKM W HAHOTEXHOJIOTHHU. -
Houenk : HouHY, 2020. - DnekTpoHHBIE TEKCTOBBIC
nansble (1 daiin).

2. Munocnasckuii  A.I'. KoHcnmekT nekuuii mo Kypcy
«OCHOBBI TIPOIIECCOB MHUKPO- M HAHOTEXHOJIOTHI». — 2
Homnenk: lonHY, 2018. — 246 c.

3. TepexoB C. B. ®wusuka HaHOOOBEKTOB: [y4deOHOE
nocodue] / C. B. Tepexos, B. H. Baptoxun; 'OY BIIO 3 +
«JlorHY» - Jlonenk: JouHY, 2013. — 418 c.

4. I'ycee A. W. HaHomarepuansl, HaHOCTPYKTYpBHI,
HanorexHoyoruu / A. U. I'yceB. — M3a. 2-e. — Mocksa: 6
®usmataut, 2009. — 414 c.

5. Baproxun, B. H. Hanomarepuanbl [DnekTpoHHBIN
pecypc] : [yue6. mocobme] / B. H. Baproxun, C. B.
TepexoB ; Jloneukuii Han. yH-T ; JloHenkuil (u3.-TexXH. +
uH-T uM. A. A. Tankuna. - Jlonenk : JlouHY, 2016. -
OnexTpoHHbIe naHHble (1 daitn).

/Jlonoanumensnasn numepamypa

6. Baproxun B. H. Hanomarepuaibl-oCHOBa COBPEMEHHBIX
texnosoruit / B. H. Baproxun // "Jlonenikue urenns 2016.
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OO6pa3oBanue, Hayka H BBI30BBl COBPEMEHHOCTH'",
Mexaynaponnas HayyHas KoHdepenuus (1 ; 2016 ;
Hounenk). Jloneukue urenus 2016. O6pazoBanue, Hayka 1
BBI30BBI COBPEMEHHOCTH : MaTepHasibl KOH(PEPEHIHH ...,
16-18 mas 2016 / [mox o6mr. pen. C. B. becmanosoii] ;
Jonenxui HallMOHAJIbHBIN YHUBEPCUTET ;
MesxnyHapoHas CJIaBSIHCKast aKaJeMus HayK,
0o0pa3oBaHMsl, UCKYCCTB M KYyJbTYphl. - PocToB-Ha-/loHy,
2016. - T. 1 : ®Ousuko-MareMaTHYECKHUE, TEXHHUYECKHE
Hayku u dkosorus. - C.19-21.

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

8. [Tonyuyenne W  HWCClENOBaHME  HAHOCTPYKTYP
1abopaTOPHBIN MPAKTUKYM 10 HAHOTEXHOJIOTUsIM / [A. A.
EBnokumoB u 1p.] ; mox pea. A. C. CuroBa. - Mocksa :
BUHOM. JIa6. 3uanwuii, 2010. - 146 c.

9. Cysnanes, U. I1. HanotexHonorus : (pU3UKO-XUMHS
HAHOKJIACTEPOB, HAHOCTPYKTYP U HaHOMarepuayios / U.
I1. Cy3nanes. - 2-e uza. - Mocksa : URSS : JIlubpoxom,
2009. - 589 c.

14, UH®OPMALMOHHBIE PECYPCbI
(c yrasanuem nazeanusi u noIHO20 NEKMPOHHO20 Adpeca)
Hayunas snektponHast oudarorexa 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 smnensus JOHHY Ne 46484614);
2. Microsoft Office (kopnopatuBHas nuuensus JOHHY nunensus Ne 46472919);
3. Microsoft Visual Studio (nuuensus nporpammbel DreamSpark mis BeICIIMX yueOHBIX
3aBEJICHUN );
4. Jlunenszun GPL, Apache, BSD mis cBo6onHOTO iporpammHoro obecnieuenusi: FreeLab,
Scilab, Free Pascal, AutuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF

PabGouas mporpamma paccMoTpeHa U TepeyTBepXkAeHa Ha 3aceJaHuu Kadeapbl
TEOPETHUECKOM (PU3UKN M HAHOTEXHOJIOTHI ¢ u3MeHeHusaMH (0e3 n3meHnenuit) Ha 20 roj.
ITporoxoi Ne or“ _” 20 1.
3aB. xadempoii

PaGouast mporpamMma paccMOTpeHa W TIepeyTBepXkJIeHa Ha 3aceJaHuu Kadeaps
TEOPETUYECKON (PM3UKU U HAHOTEXHOJIOTHI ¢ M3MEeHEeHusIMU (0e3 u3MeHenuit) Ha 20 ron.
ITporokon Ne or“ 7 20 T
3aB. xadeapoit
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