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4ecKOro (axyspTeTa
C.A.®omenko

IIporpaMmma  cocTaBneHa Ha  OCHOBaHHH  DefepaibHOTO  IrOCYAapPCTBEHHOTO
obpasoBarenbHOro cranjgapra Beicmero obpasoBanus (PI'OC BO) HampaBieHHs MOATOTOBKH _
03.04.02 ®uzuka, yTBepxASHHOr0 MprUKa3oM MuHHCTEpCTBa 00pasoBanus U Hayku Poccuifckoit
®enepaun ot 28 aprycra 2015 r. Ne 913; Ilopsgka oprammsanmum ydyeGHOro mpoiecca B
o0pa3oBaTeNbHBIX OpPraHM3AMSIX BBICHIET0 NPOGECCHOHANBHOrO oOpasoBanus JIoHEmKOH
Haponuoit Pecriy6imuku, yTBepxIeHHOro npukazoM Munucrepcra obpasosanus i Hayku JJHP Ne
1171 ot «10» HosiGpst 2017 r.; yyeOGHOro IUIaHa B OCHOBHOM 06pa3oBaTeNbHOM mporpamMMbl Ou3uka
KOH/ICHCHPOBAHHOI'0 COCTOSIHMS, HanpasieHus noarorosku 03.04.02 dwusuka, pa3paboTaHHBIX B
'OV BIIO «/loHenxuii HAHOHATBHBIH YHHBEPCUTET.

PazpaboTumk:
IIpodeccop xadenps TeopeTHaeckol pu3uKn

1 HAHOTEXHOJIOTHI \/ H.II. iBanuIbH

IIporpavma y4eOHOW IWCIMIUIMHBEI yTBEPXKJEHA HA 3acefaHMU KadeIpbl TeOpeTHYECKOH
(u3HKHE 1 HAHOTEXHOJIOTHH

ITporokon Nel5 ot «02» anpenst 2020 r. % f
'3ase11y10nmifl Kadenpoit B.H. Baproxun

IIporpamma y4eOHON IHCIMILIAHEI 0100peHa yqeGHo-MeTozmqecxou Kommuccuei (usuko-
TEXHHYECKOTO0 (paKyipTeTa
IIpotoxon Ne 5 ot « 15 » anpens 2020 r.

[Ipencenarens yqeOHO-METOIUIECKOM /
KoMuccHH (hakynbTeTa £ B.H. Kotenxo
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1.  OBJIACTb IPUMEHEHUSA U MECTO JUCIUIIVIMHBI B YYEBHOM ITPOLHECCE

«Pa3mepHble 3((eKkThl B HAHOKPUCTAIUIMUECKUX MaTepuallax» sBISETCS IUCLUILIMHON
BapuatuBHOW yactu bnoka 1 «/lucuumimssl (Moaynu)» mo HampasieHuto noaroroBku 03.04.02
®dusuka (MarucTepckas nporpamma: (pusrka KOHICHCUPOBAHHOIO COCTOSTHHUS).

Jns w3ydeHus HaHHOM y4eOHOM JUCHMIUIMHBI HEOOXOAWMBI 3HAHHS, yMEHUS M HaBBIKH,
c(hopMHpOBaHHBIE B IIpoLiecce U3yUeHUs TPeaMeTOB «OCHOBBI HAHOTEXHOJIOTUM. Teopus U MeTobI
NOJy4eHUs HaHOMaTepuanoB», «Kpucramiodusmuka, TeOpusi U METOAbl CTPYKTYPHOTO aHAJIN3a»,
«DNeKTpOHHAasT MHUKPOCKONHSA M peHTreHorpadus marepuanoB», «CTpyKTypooOpazoBaHHE U
SIBJICHUS NIEPEHOCA B KPUCTAJUIAX M TOHKHX IJICHKAX Ha MPEIbIIyIIeM YPOBHE 00pa30BaHMUs.

[TonyyeHHble 3HAHHUSA HCHOJB3YIOTCA CTYJCHTaMH BO BpPEMS BBINOJIHEHUS Hay4HO-
UCCIIEIOBATEIbCKON Pa0OTHI, IPY HANMCAHUHU MarucTepCKOM JHCCEepPTAIU.

2.  CTPYKTYPA JUCHUIIJIMHBI

Xapaxmepucmuka yueOHOU OUCYUNTIUHDL

Hamnpasnenue noarotoBku 03.04.02 dusuka
Marucrepckas nmporpamma Du3nKa KOHJCHCUPOBAHHOTO COCTOSIHUS
OO6pa3zoBarenpHas IporpaMmma aKaJieMHuecKasi MarucTparypa
Kpanuduxanms Maructp

KosimuecTBo conepkaresbHbIX MOJYJIEH 4

JucnuriuHa 6a30B0M / BApHaTUBHON YacTH

o JUCLUIUIMHA BApUAaTUBHOM yacTu
00pa30BaTeNbHOM POrpaMMbl

®opmbl koHTpost (MK, sk3ameH, 3a4eT) MK, 3k3ameH
TMoxasarenmn ouHas popma 3aoyHas hopma
00yudeHus 00y4YeHHS
KonnuecTBo 3aueTHBIX eAMHUIL (KPEIUTOB) 4
["'ox moAroToBKM 2
Cemectp 3
KonnyecTBo yacos 144
- JIEKIIMOHHBIX 6
- IPAKTUYECKUX, CECMHUHAPCKUX 42
- 1a00PAaTOPHBIX
- CAaMOCTOSTEJIbHOM paboThI 96
B T.4. HHMBHIyaJbHOE 3a/IaHUE
HenenbHOe KOIMYECTBO YacoB, 4
B T.4. AyAUTOPHBIX 4

3.  OINMHUCAHHUE JUCHUIIJIMHBI

Ileau u 3axaun

Heasb - B monydyeHUM yriayONeHHBIX 3HAHUH B 00JacTH (PU3MYECKMX OCHOB (POpPMHUPOBAHUS
CTPYKTYpbl U «OCOOBIX» CBOWCTB HAHOpPa3MEPHBIX U HAHOCTPYKTYPUPOBAHHBIX MAaTepUANIOB:
dopmupoBaHUN Yy OYAYIIMX CHEIMAIMCTOB YMEHUH U MCIOIB30BaHMUA 3TUX IPQPEKTOB I
CO3/aHUSI HOBBIX ()YHKIIMOHAJIBHBIX MaTEPHAJIOB U TEXHOJOTUIN X U3TOTOBIICHUS.

3ajaua - noysyuyeHue yriyOJeHHbIX 3HAHUN B 00JacTH (PU3NYECKUX U (PU3MKO-XMMHUYECKHX OCHOB
(bopMHUPOBaHUS CTPYKTYPbl M CBOWMCTB HAaHOPAa3MEPHBIX CUCTEM; CHCTEMAaTH3alUI0 CIIOCO00OB M
IIPUEMOB TOJIy4YEHHs] HAHOCTPYKTYPUPOBAHHBIX MaTEpUANIOB, 0030p UX (PYHKIIMOHAIBHBIX CBOWCTB,
IOJXO/0B U TPUMEPOB Pa3pabOTOK HOBBIX (PYHKIMOHAIBHBIX MaTEpUAIOB, OCHOBAHHBIX Ha
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cnenuduKke CBOICTB HAHOOOBEKTOB U HAHOCTPYKTYPUPOBAHHBIX CHUCTEM; MIPEIOCTaBICHUE
CBEJICHH 00 OCHOBHBIX IMEPCIICKTUBHBIX TEXHOJIOTHUSX.

TpeGoBanus K pe3ybTATAM OCBOEHHUS IMCUMILIMHBI. [Iporiecc u3yyeHus: TUCHUIUIMHBI «
Pasmepubie 3¢(dexkThl B HAHOKPUCTAUIMYECKUX MaTepuanax» HamnpaBieH Ha (OPMHPOBAHUE
3JIEMEHTOB CleAyromux KommnereHuuid B coorBercTBUM ¢ DPI'OC BO P® HanpaBieHus
noarotroBkn  03.04.02 @usuka U OCHOBHOM 00pa30BaTEIbHOW MPOrpamMMbl  BBICIIETO
npodeccuoHaibHOr0 00pa3zoBanus HampaiieHus noarotoBku 03.04.02 dwusuka (Marucrtepckas
nporpamma: Ou3nKa KOHICHCHPOBAHHOTO COCTOSHUS):

a) oowexynomypuuvix (OK):

CHOCOOHOCTBIO K a0CTPAaKTHOMY MBINUICHHUIO, aHainu3y, cunte3y (OK-1);

TOTOBHOCTBIO K CAMOPA3BUTHIO, CAMOPEATU3allii, UCIIOIb30BaHHUIO TBOpUeckoro norenuuaia (OK-
3).

0) oowenpogeccuonanvnvix (OIIK):

TOTOBHOCTBIO K KOMMYHUKAIIUH B YCTHOW U IMUCbMEHHOHN (popmax

Ha rocy1apcTBeHHOM s3bike Poccuiickoit deaepanny 1 MHOCTPAHHOM S3bIKE JJIS peIleHUs 3a/1a4
npodeccuonanproii aesteabroctu (OITK-1);

CHOCOOHOCTBIO K aKTUBHOH COLIMATIbHON MOOMIIBHOCTH, OpTaHU3aI1H
HAY4YHO-HMCCIICI0BATEIbCKUX U MHHOBAMOHHBIX padot (OITK-3);

CHOCOOHOCTBIO aJalTUPOBATHCS K U3MEHEHUIO HAYYHOTO PO uIIs cBOEH

npodeCCHOHATIBHOMN e TETFHOCTH, COMOKYIBTYPHBIX M COLIMATBHBIX YCIOBUH JIESTETLHOCTH
(OIIK-4);

CIOCOOHOCTBIO MCIIONIB30BaTh CBOOOIHOE Bia/IeHHE MPO(PECCHOHATEHO MPOPHINPOBAHHBIMH
3HAHUSMH B 00J1aCTH KOMIIBIOTEPHBIX TEXHOJIOTUH JUIsl pellieHHs 3a]1a4 IpoecCuOHanbHOM
NeSITEIbHOCTH, B TOM YHMCIIe HAXOAIINXCS 32 TIpeellaMHi HAaIPaBICHHOCTH (MTPO(UIIsT) IOATOTOBKU
(OIIK-5);

CIOCOOHOCTBIO MCIIOJIb30BAaTh 3HAHUSI COBPEMEHHBIX MPOOIIEM M HOBEHIITNX

JOCTHKEHUH (DU3MKK B HAy4HO-HCClenoBaTenbekoi pabore (OITK-6);

CITOCOOHOCTBIO IEMOHCTPUPOBATH 3HAHUS B 00J1acTH (PUIIOCOPCKUX BOITPOCOB

€CTECTBO3HAHUS, UCTOPUH U MeTonooruu ¢pusuku (OITK-7).

8) npogpeccuonanvuvix (I1K):

HAY4YHO-HCCJIeJ0BATEIbCKAs 1eSITeIbHOCTh:
CHOCOOHOCTBIO CAMOCTOSITENILHO CTABUTh KOHKPETHBIE 3a/1a41 HAyYHbIX

UCCJIEIOBaHUM B 00J1aCTH (PU3UKU U pelIaTh UX C IIOMOIIBIO COBPEMEHHOM anmnaparypsl 1
UH(POPMALIMOHHBIX TEXHOJIOTUH C UCIOIb30BAHUEM HOBEHILIEro pocCUiiCKOro U 3apy0exXHOTo
ombita (ITK-1);

HAYYHO-MHHOBAIMOHHAS AeATEJbHOCTD:

CIIOCOOHOCTBIO CBOOOHO BiIa/IETh pa3jenaMu PU3NKHU, HEOOXOJUMbIMU

JUISl pEIIEHNs] HAyYHO-NHHOBAI[MOHHBIX 33]1a4, U IPUMEHSATh PE3yJIbTaThl HAYYHBIX HCCIIEI0BAHUN B
UHHOBaNMOHHOH nesitenbHocTH ([TK-2);

CHOCOOHOCTBIO MPUHUMATh Y4acTHE B Pa3padOTKe HOBBIX METO/I0B M METOJMUECKUX MOIX0/10B B
HAYYHO-MHHOBAIMOHHBIX MCCIICAOBAHUAX U HHKEHEPHO-TeXHOIornueckoit nesrensHocTr (T1K-3);
OPraHu3anOHHO-YNIPABJICHYECKAS eI TeIbHOCThb:

CIOCOOHOCTHIO TUTAHUPOBATh U OPraHU30BBIBATH (PU3HUECKHE UCCIIEOBAHMS,

Hay4dHble ceMHHapbl U KoHpepeHuuu ([1K-4);

CIIOCOOHOCTBIO UCIIOIB30BAaTh HABBIKU COCTABJICHUS U OPOPMIICHHUS

HAYYHO-TEXHUYECKON JTOKyMEHTAIlUH, HAYyYHBIX OTYETOB, 0030pOB, JJOKJIA10B

u crareit (ITK-5);

NeJaroru4eckas 1esiTeJIbHOCTh:

CIIOCOOHOCTBIO METOJIMYECKH TPAMOTHO CTPOUTH IJIaHBI JIEKIIMOHHBIX

U TMIPAKTHYECKUX 3aHATHH MO pa3zenaM y4yeOHBIX AUCIHUILIMH U MyOJIMYHO U3JIaraTh TEOPETHIECKUE
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Y TIPAKTUYECKUE PA3/IeNbl yIEOHBIX AUCIMIUINH B COOTBETCTBUH C YTBEP)KICHHBIMU Y4e€OHO-
METOIUYECKIMU TTOCOOUSIMHE MIPU pealiu3aliuy nporpaMm Oakanaspuara B oonactu ¢usuku (I1K-6);
CIIOCOOHOCTBIO PYKOBOAMUTH HAyYHO-HUCCIIEIOBATEIBCKON AEATEILHOCTHIO B 00IacTH (hU3NKU
oOydaronmxcs no nporpammam 6axanaspuara (I1K-7).

B pe3yabTare usyyennst y4eOHON JUCHUIIMHBI CTYAEHT JI0JIKEH :
3HaAmMb:

—  (usudeckue OCHOBBI (POPMHUPOBAHUS MATEPHAIIOB C HETPATUIIMOHHBIMU CTPYKTypaMHU:
(dbpakTanbHBIX arperatoB; QyJiepeHOB M (yJUIepUTa; KJIACTEPOB U KIACTEPHBIX CHCTEM;
HAaHOPA3MEPHBIX YACTHUI], AMOP(HBIX M HAHOKPUCTAUTMICCKUX MATEPHAIIOB;

—  MexaHu3M (GopMupoBaHUs 1ePEKTOB B HAHOKPUCTAUTMYECKUX MaTepruaiax;

—  TIPUYHMHBI, BBI3bIBAIONINE ((OPMUPOBAHUE 3EPHOTPAHUTHON Cerperaiuy.

—  TEXHOJIOTHYECKHE OCHOBBI (DOPMUPOBAHUS HAHOKPUCTAIUTMYECKUX MAaTEPHAIIOB;

—  (hu3MYeCKHe OCHOBHI MEPCIIEKTUBHBIX HAHOTEXHOJIOTHH;

—  METObl aHallW3a U UCCIICJOBAHMS HAHOCTPYKTYP
ymemup:

—  BBIOMpaTh METOABI KOHTPOJIA CTPYKTYPHI U e(EeKTHOCTH HAaHOMATEPUAIIOB;

—  BBIOMpaTh TEXHOJIOTUM TOJyYEHUS HAHOYACTHI], IUICHOK, MACCHBHBIX HAaHOMATEPHAJIOB
COOTBETCTBEHHO IOCTABJIIEHHON 3a1a4H;

—  BBIOMpATh YCIOBHS CHJIIOBOTO HAHOTECTUPOBAHUS JIUIS 33JJaHHBIX 00Pa3IoB;

—  ONpPEACNATh THIT 3¢PHOTAaHUYHHUX CEerperalni.

—  moadupath HEOOXOAUMYIO JUISI NMPOCKTUPOBAHUS MATEPHAIIOB C 3aJaHHBIMU CBOMCTBaAMU
CIPAaBOYHYIO JIUTEPATYPY:

— 000CHOBaHHO BBIOMPATh HAHOMATEPHAIIBI H PAIIHOHATBHO UX UCIIOJIE30BATh
é1a0ems:
— OCHOBaMH aHaJK3a CBOMCTB HAHOMATEPUAJIOB U METOJIAMHU UX TIOJTYUCHUS

4.  COJEPKAHWE JUCHHUILIAHBI U ®OPMBI OPTAHM3ALINA YYEBHOTO
MPOLIECCA

IHopsaaxoBbIi

Kparkoe conepxkanue TeMbl
HOMep U TeMa

Cooepircamenwvnutit Modyns 1 «Ocobennocmu cmpyKkmypsl HAHOMAMEPUAL08)

Tema 1. | TepMHHOIOTUYECKHE MOAXO/IbI K OMMCAHUIO MTOHATHUSL «<HAHOMATEPUAII.
Ocobennocmu Kputnueckuii pazmep cyiiecTBOBaHUS HAHOKPUCTAIIIMYECKOIO MaTepHara.
CMpPYKmypbl Jons rpanu1l pazaena B 001emM oo0bemMe HaHoMaTepuana. Bo3HHKHOBEHHE
HAHOMAMepPUanN0e | HOBBIX KAUeCTB IPH YMEHbIIEHUH 00beMa BEIlleCTBa

Cooepircamenvnutii modyns 2. « Tunvt HAHOPA3MEPHBIX CUCHEM))

Tema 2. Tunwt Hanousnenus. Mukpousnenusi. MaccuBHbIE HAHOMATEpUaJbl: OHOMA3HBIC
Hanomamepuanos | v MHOrodasHbsle. KOMIO3UTHI ¢ KOMIIOHEHTaMH U3 HAHOMATEpHAJIOB.

Tema 3. Ceoticmea | OcoOEHHOCTH CBOMCTB HAHOMATEPUAJIOB
HAHOMAMEPUAanos
Cooeporcamenvhutii Mmooy 3. «Hanomexnonozuuy
Tema 4. Oynnepensl, QyuIepuThl, HAHOTPYOKH
Dynnepen,
dynnepumeui,
HaHompyoKu
Tema 5. Oonacmep | OCHOBHBIE 00JaCTH NPUMEHEHUS HAHOMAaTEpPHAJIOB M HAHOTEXHOJIOTMH:
npumenenus KOHCTPYKIIMOHHBIE ~ MaTepHallbl,  MHCTPYMEHTAJIbHBIE  MaTepHalbl,
HaHOMamepuaios | NPOU3BOJICTBEHHbIE TEXHOJOTHH, TPUOOTEXHUKA, BOCHHOE JEIO0, siJiepHas
JHEpPreTUKa, »JJEKTPO-MAarHWTHasi M DJIEKTPOHHAs TEXHUKA, 3alluTa
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‘ MMOBCPXHOCTU MATCPUAJIOB, MCAUIIMHA U OHMOTEXHHUKA

Cooeprcamenvnwtit mooynw 4. «Ilpoonemovt nanomamepuanogedenusn

Tema 6. Ocnoenple | Cnunanve HaHOYACTHI] IpU (OPMUPOBAHUU HM3CITUN M3 HAHOMOPOIIKOB.
npoonemol HecrabunbHOCTH CTPYKTYpBI HAaHOMAaTEpHAaJIOB. Koppo3zus
HaHOMamepuanoe | HAHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX MaTEPUAIIOB.

edenus

TemaTHyecku njiaH

CoaepskareJbHbIH MOAYJIb 1-« OcodenHocmu cmpyKmypol HAHOMAMEPUAI08)

KoanyecTBo 4acoB

QOunas popma o0yueHust 3aounas popma o0OyueHust
B T.4. B T.U.
= = = =
< <
Ha3sBanus coaep:xaTejbHbIX 2 = = % e = = im:
MO/yJIeii u Tem Sl =|8|2l5=5sl 2| =| 3| &|5<|E=
Q =~ O o | & = = (5] =~ 0] o e = =
Q H|l |l ek o2 9 = =) | R ol
M 2| =l sldyg del A 2 S s | delT g
[5) ) Qg S = < D) = a, £ S = <
= X o |lo &Y RB of = X @) o & | o
SO | = < V) o) =
&l =S = =] < = =
= = = = = < =
> = ) =~
Tema 1. Ocobennocmu
CMPYKmypbl 24 | 1 |7 16
HaHOMamepuanioe
Hmozo no
cooeprcamenvhomy modyro | 24 | 1 |7 16
1
TemaTuyeckuil nJIaH
Copep:xaTejbHbIN MOAYJIb 2-« Tunst nanopazmepuuix cucmemy
KoJsmnuecTBo yacos
Ounas ¢popma 00y4eHuUs1 3aounas popma oOyueHunst
B T.4. B T.U.
= = = =
< <
Ha3sBanmus coaepskaTesibHBIX 2 g = %’ - = i::
MOyJIeii u Tem el =|3|&lEsEs|l 8l =] 8] 2|5 |58 s
o H|l | &k o2 @ = o) =R ol
M Zl 2|l s|loeldyl = 2 S s | dQelHQ
) = Qe S8 < ) = Q| B SIS
E | ¥ olo Y8 = = o | o &R &«
S| S| = < O o =
& s | = = o < s =
31 = o S
Tema 2. Tunwv
24 | 1 |7 16
HaHoMamepuanoe
Tema 3. Ceéoiicmea
24 | 1 |7 16
HaHoMamepuanoe
Hmozo no
cooeprcamenvhomy mooynro | 48 | 2 | 14 32
2

Temarnueckuii mian

Copep:kateabHblii Moayab 3-« Hanomexnonozuuy

Ha3Banus coaep:xatejbHbIX KoJsmnuecTBo yacos

MO/YJ1eH U TeM OuHas ¢popma 00y4eHuUsI | 3aounas popma o0yueHnunst




B T.4 B T.4.
= =
() 9 g § [} 2 g ?é
S| 8| % T S 2 | 3 s
o X I | = = o X = =)
= = Ol alg S5 S| & S () S |lg S5 S
[5) = ] ol g K I 5] = 2] o) = B =
o H|l | ek o2 @ = o) =R ol
M < = s |8Ql 52O M Z = < 3| HQ
) =~ olg SN S ) ) o | B S = <
=] | Ol 8B S X o | o & B
|G| O = o] O e} =
& = | = = o < s =
13) = 1) =
Tema 4. @ynnepenwi,
24 |1 |7 16
dyanepumot, nanompyoxu
Tema 5. Oonacmep
npumeHeHus 24 |1 |7 16
HaHOMamepuanioe
Hmozo no
cooepocamenvhomy mooynio | 48 | 2 | 14 32
3
TemaTnuyeckuii nJian
CojaepskarejbHbIi MOLYIb 4-« IIpodnemovt HanomamepuanogedeHus »
KoJymnuyecTBo 4acos
Ounasi gopma 00y4eHus1 3aouHas popma o0yueHust
B T.U. B T.U.
= = = =
< <
Ha3spanmus coaepskaTesibHBIX 2 g = %’ - = %
MoyJieii 1 TeM Sl =|8|&l5<=5<l 2| =| 8| 2|5 =|5¢c
) =E| 2| o8 & El o = ] o |8 B|S &
O H|l | &lw oo @ = = =R ol
M 2| 2| s|svldel = 2 = s | dQe|lFQ
B | 2| oo &8 & = = o | o &R &
S| S| = < O o =
& == = o < s =
151 = 131 =
Tema 6. OcHognuie
npoonemut 24 | 1 |7 16
HAHOMAMeEpPUanNo6edeHus
Hmozo no
cooepycamenvhomy mooynro | 24 | 1 | 7 16
4
Bcezo uacoeé no oucyunnune
144 6 |42 96
5. METOAUYECKHUE PEKOMEHJIALIUU JJISA IPOBEJAEHUSA
JIEKIHIUOHHBIX, IPAKTUYECKHUX U JIABOPATOPHBIX 3AHSTUU
TeMbl JIeKUMOHHBIX 3aHATHI
Ne Konuuecmeo
Ha3zeanue memoi
n/n yacoe
1 |OcobeHHOCTH CTPYKTYpBl HAHOMATEPHUAJIOB 1
2 (Tunbl HAaHOMATEpPHUAJIOB 1
3 | CaoiicTBa HaHOMaTepHAaIOB 1




4  |Dynnepensl, QpynaepuTs, HAHOTPYOKH 1
5 |Obnacts npuMeHEHNSI HAHOMATEPUAJIOB 1
6 |OcHoBHBIE TPOOIEMBI HAHOMATEPHATIOBEICHHUS 1
BCEI'O 6
TeMbl NPaKTHYECKUX 3aHATHI
Ne Konuuecmeo
Ha3zeanue memoi
n/n uacoe
1 |CrpykTypa, TUIIBI U CBOWCTBAa HAHOMATEPUAJIOB 10
2 HpI/IMeHeHI/Ie HaHOMAaTepHajIoOB 11
3 [[IpoGiieMbl HAHOMATEPUATOBEICHUS 10
4 |YraepoaHble HAHOOOBEKTHI 11
BCEI'O 42
6. METOAUWYECKUE PEKOMEHJAIINU 10 OPTAHU3ALIUN
CAMOCTOSATEJBHOU PABOTHI CTYJAEHTOB
Opranuzanus caMocTosITeIbHOI padoThbl CTYIEHTOB
Mo Konuuecmeo
Hazeanue memut
n/n uacoe
1 |CBoiicTBa UHIUBUYaTbHBIX HAHOYACTHUIL 16
2 [YrnepoaHble HAHOCTPYKTYPbI 16
3 |OOGBEMHBIE HAHOCTPYKTYPUPOBAHHBIE MaTEPHUAIIBI 16
4 [[TomyueHue u cTabUIN3alds HAHOYACTHI] 16
5 [Pa3mepHble 3 PEKTHI B reTEpOr€HHBIX CUCTEMAX 16
6 |KuHeTnmdeckne 3aKOHOMEPHOCTH AJICKTPOOCAKICHUS HAHOTYACTHUI U TIEHOK 16
METaJIJIOB
BCEI'O 96
7. NHIANBUYAJIBHBIE 3AJIAHUST
1. HUccnenoBanue CTPyKTYpHI.
2. Mertox BpaieHus KpUCTasIa.
3. Merox noporika
4. MaruuTtHble JepeKThl B HAaHOCHCTEMaxX: SHEPTHs B3aMMOJICHCTBHUS W BpallaTeIbHBIN

MOMCHT.

5. KynoHoBckuil paanyc 3KpaHUPOBKHU.

6. MeToapl  ompeneneHuss  pasMEpPOB  YACTHIL:  OJEKTPOHHAS  MHUKPOCKONUA U
T (PaKIIMOHHBIA METOI.

7. BnusHHe pa3mepa rpaHUI] 3epeH Ha CBOMCTBA: aHOMAJIMHU MEXaHUYECKOTO MOBEICHHS.

8. JlucnokammoHHas MOJICNb TPAHUIL pa3jiesia; MaJIOYTJIOBBIC U OOJBIICYTIIOBBIC TPAHHUIIBI.

8. KOHTPOJIbHBIE BOITPOCHI K MPOMEXKYTOYHOM ATTECTAIIUA

1. TepMI/IHOJIOl"I/I‘IeCKI/Ie MNOoAXOAbI K OITMCAHUIO MMOHATHA «KHAHOMATCPpUAID).
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Kputnueckuii pa3Mmep CymecTBOBaHUS HAHOKPHCTAIUIMIECKOTO MaTepHaa.
Jonst rpanuil pa3zaena B o0ieM o0bemMe HaHOMaTepHaa.

Bo3HHMKHOBEHHE HOBBIX KaueCTB MPH YMEHBIICHUN 00beMa BEIIECTBA
Hanownsnenusa. Mukpousnenus.

MaccuBHbBIe HAaHOMAaTEPHAJIbL: 0OHO(A3HBIE 1 MHOTO(a3HbIE.

KoMmo3uTel ¢ KOMIIOHEHTaMH U3 HAHOMATEPHAJIOB.

Oco0OeHHOCTH CBOMCTB HAHOMATEPHAIOB

Nk WN

9.  OBPA3ELl MOAYJIBHOT'O KOHTPOJIA
(obpasey eapuanma u Kpumepuu oyeHUBAHUL)

rOY BIIO JIOHEIIKWIA HAIITMOHAJIbHBIN YHUBEPCUTET»
dakynbpTeT PU3UKO-TEXHUIESCKUN

Hanpaenenue noocomosxu: 03.04.02 ®u3uka

Maeucmepckas npoepamma: Du3uxka KOHOEHCUPOBAHHO20 COCHMOAHUSA

IIpoepamma noocomosku: aKademuueckas Mazucmpamypa

Cemecmp 3

Yuebnas oucyunnuna Pazmepnvie rghghexkmot 6 HanokpucmaniuyecKkux
Mamepuanax

MOAYJBbHAS KOHTPOJIBHAS PABOTA
BAPHUAHT Nel
1. BO3HMKHOBEHHE HOBBIX KaUeCTB IIPH YMEHBIIICHUU 00beMa BEIIECTBA
2. Hasousnmenus

YTBepKIeHO Ha 3acelaHuu Kadenpoii TeopeTHueckoi GU3NKH U HAaHOTEXHOJIOTHiA,
poTOKOJ Ne or*“ ” 20 T
3aBeayromuit kadeapoit

IIpenonasarens

KpuTepnu OH€eHUBAHUA MOAYJBHOI0 KOHTPOJIS

Homep 3a0anusn Koauuecmeo oannoe
3ananue 1 15
3ananue 2 15
Bcezo 30

10. OBPA3EIL DK3AMEHALIMOHHOI'O BUJIETA
Teopemuueckue 60npocwl K IK3ameny

1. Bgenenue. Kiaccudukanus BemecTs mo arperaTHbiM cOCTOSTHUSAM. OCOOEHHOCTH YeThIpex
arperaTHbix coctossHuil. @opmyia kpucramuia. bivkHUA U TanbHUN TTOPSIOK.

2. JIByMepHBIE W TpeXMepHBIC pemeTKH bpaBe. DineMeHTapHas W TNPUMUTHBHAS STYCHKH.
Suelixa Burnepa — 3eiitua.

3. HccnenoBanue cTpyKTyphl. PeHTreHOBCKOE M3mydeHune. 3akoH Bynbsga — bparra.



10.

11.

12.
13.

14.

15.

16.

17.
18.

19.

20.
21.
22.
23.
24.
25.
26.
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Tumbl cBsi3eld B KpHUCTAIaX W HAHOCHCTEMaX: MOJICKyJsipHasi cBs3b. [loTennman 6 — 12
(morenmman Jlenapaa - J[»xonca). C:KUMaeMOCTb M OOBEMHBIN MOJYJIb YIIPYTOCTH.

Tunel cBsi3eld B KPUCTAUIaX U HAHOCUCTEMAaX: HMOHHAs CBA3b — IOTEHIMANl W SHEpPrus
Manenyunra. KoBanentHas cBsizb. CUCTEMBI ¢ BOJOPOAHBIMU CBSI3SIMHU.

Tunel cBs3el B KpUCTaJIaX: METAUIMYECKasl CBA3b. MOJEIb M OCHOBHBIEC ITOJIOXKEHUS
mozaenu pyne.

Knaccudukanus BemecTs ©  MaTepuaioB 10 pa3mepy dYactull (3epeH). Tumsl
HAaHOKPUCTANINYECKUX MAaTEPUAJIOB.

Hedextsl B HaHoMaTepuanax. Kimaccudukanus ux no reoMeTpuuecKkoMy Mpu3HaKy.
['paHu1Ibl KPUCTATUTUTOB U ipyrue nedextol. Joss rpanuil 3epeH B o0beme

HaHOMAaTEPHUAJIOB.

Pa3zmepusbie 3¢ (ekThl B HAHOKPUCTAIMYECKUX MaTepHaiax: YHCI0 YaCTHIl Ha TOBEPXHOCTH
Y TIOJIHOE YHCJIO YACTHUILL B CUCTEME.

XapakTepHble pa3MepHble U (PU3MYECKHe MapaMeTphl: JIHHA CBOOOIHOTO Mpodera; paauyc
JlapMopa; JuiMHa KOTepEeHTHOCTH U TTyOMHa MPOHUKHOBEHUS;, PAJANYC SKPAHUPOBKH H [I.T.
Toueunsle nedexTel. B3auMmoneiicTBue 3apsDKEHHBIX WM MAarHUTHBIX — JI€(EKTOB ¢
MeX(pazHbBIMH U MEXK3EPEHHBIMU TPAaHHUIIAMU pa3ziena.

BzaumopeiicTBue AUCIOKALMM C TPaHUIIAMU pa3/eiia.

OHeprusi TpaHull pasliena: IEKTPOCTATUYECKAs COCTABIIAIONIAS SHEPrUU; YHEPrus 30HHOU
CTpYKTYpbl. CTpYKTYpHBIN (haKTOP CUCTEMBI U BHYTPEHHUH CTPYKTYPHBIN (aKTop.

Qaktop /[lebas — VYomnepa B 1e0aeBCKOM M DUHIITEHHOBCKOM MPHUOMIKEHUAX U
COOTBETCTBYIOILIME XaPAKTEPUCTUUECKUE TEMIIEPATYPhl, HAIIPUMED, CEIEHA.

SIBieHus cerperanuu Kak cielcTBUe mporecca nuddys3un: rpanndHbie ycnoBusa Mak Jluna,
Jlenrmiopa u @aynepa, MHOTOCJIONHBIE CErPEraluu.

Tepmoaunamuka. @a3oBble paBHOBECHS: TOTPAHUYHBIE CETPeralii 1 MepechilleHHbIe (a3bl.
3aKOHOMEPHOCTH aJICOPOIUH.

Pexpucrannuszanus kak ciaeactsue auddysuu.

MexaHu4yeckre CBOMCTBA: MOPUCTOCTh MO U3MEPEHUIO TBEPAOCTH MO Bukkepcy u MOIynb
HOnra.

Ponbp mop, HecmyomHOCTEW W HECOBEPILIEHCTB KOHTAKTOB B IMOHM)KEHHWU MPOYHOCTH U
IUTACTUYHOCTH.

3axoH Xouna — Iletua s aMmop(HOTO COCTOSIHMSL.

DnexkTpudeckue 1 onTuyeckue (MH(ppakpacHble CIIEKTPhl) CBOMCTBA HAHOMATEPHAIIOB.
MaruuTtHble CBOHCTBA: BIMSHUE pa3Mepa YacTHI] Ha KOOPLUTHUBHYIO CHITY.

MeTopl CMHTE3a HAaHOIIOPOILKOB: Ia30 - , TEPMO —M MEXAHOCHHTE3 U JIP. METO/BI.
CtpykrypHbIe U (pa30Bble IPEBpAIICHNs: POHOHHBINA CIEKTP U TEIIOEMKOCTb.

['panuiel pasaena B KOMIAKTUPYEMBIX HAHOMAaTEpUaiax.

Hanotexnonoruu: nurorpadusi, MOJEKYJISIpHO — JIydyeBas SIUTAKCUsl, CKAHUPYIOIIast
TYHHEJIbHAs! U aTOMHO — CHJIOBAasi MUKPOCKOIIHSI.

Oobpasey IK3aMeHayuORH020 Oulema

IOy BIIO «JIOHEIIKUI HAIITMOHAJBHBIII YHUBEPCUTET»
OU3NKO-TEXHUYECKUH PaKyIbTeT

Hanpasnenue noocomoexu: 03.04.02 ®uzuxa

Mazucmepckas npoepamma: Qu3uKa KOHOEHCUPOBAHHO20 COCMOAHUA

IIpoepamma noozomoexu: akademuyeckan mazucmpamypa

Cemecmp 3

Vuebnas oucyuniuna Pazmepnoie 3¢pghexkmol 6 HanoKpucmaniuuecKux mamepuanax

BUJIET Nel
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1. Knaccudukanus BEmECTB 1O arperaTHbIM COCTOSHUSIM .
2. Toueunsie neheKTHI.
3. 3axon Xomia — [letya myist aMOppHOTO COCTOSHUS

YTBepkIeHO Ha 3acedaHuu Kadenpoil TeopeTudeckor (U3MKH W HAHOTEXHOJIOTHH, TMPOTOKOJT Ne
(13 2
or* 20 1.
3aB. kadeapoii
DK3aMeHaTop

Kpumepuu OUCHUBAHUA IK3AMEHA

Homep 3a0anusn Konuuecmeo 6annoe
3amanue 1 15
3ananue 2 15
3aganue 3 20
Bcero 50 6as10B

11. KPUTEPUU OHIEHNBAHUSA

ITo xypcy «Pa3mepnbie 3p(deKThl B HAHOKPUCTAUIMYECKUX MaTepHaliaX» IPEAIoaracTcs
NPOBEICHUE MPOMEKYTOYHON aTTecTallii B BHJC MOJYJIBHOTO KOHTPOJIS, BBITIOJHEHUEC
HHI[HBHIIyaHLHOﬁ pa6OTI)I M DK3aMeHa. DK3aMeH CAAI0T CTYACHTHI C LCJIBIO IMOBBIIICHUA peﬁTHHFa.

Pacnpeodenenue 6annos, Komopvie Mocym noay4ums CHyoeHnvl
6 npoyecce uzyueHus OUCUUNIUHbBL

Opranu3annoHHO CPC Bcero
yuebHas padora NuauBunyansHas | MoayJIbHbIH KOHTPOJIb
CTy/IeHTa paGora
max 10 6amioB max 10 6amioB max 30 100
0aioB
ILlIkana coomeemcmeus 0an106 HAUUOHANLHOU WIKAIE
Ouenka Ouenka no OueHka 1o rocyiapcTBeHHOM HIKAaJie Ouenka no
no mkaJje | 100-6anabHolM (3x3aMeH, TupPepeHINPOBAHHBIN 3a4eT) rocy1apcTBeHHOI
ECTS HIKaJIe HIKaJje (3a4eT)
A 90-100 5 (OTIUYHO) 3a9TEHO
B 80-89 4 (xoporo) 3a4TE€HO
C 75-79 4 (xoporo) 3a4TE€HO
D 70-74 3 (YIOBJICTBOPHUTEIHHO) 3a4TEHO
E 60-69 3 (yIOBJIIETBOPUTEIBHO) 3aYTEHO
FX 35-59 2 (HeYIOBJIETBOPUTEIHLHO) HE 3a4TEHO
C BO3MOKHOCTBIO TIOBTOPHOM cllaun
F 0-34 2 (HeyIOBJIETBOPUTEIIHHO) HE 3a4TCHO
C BO3MOKHOCTBIO TIOBTOPHOM ClIa4y¥l NMPHU YCIOBUU
00s13aTeIbHOTO HAOOpa JOTIOTHUTEIBHBIX OAJITIOB
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12. MATEPUAJIBHO-TEXHHUYECKOE OBECIIEYEHHUE YYEBHOI'O ITPOLHECCA

JleximoHHbIE U MPAKTHYECKHE 3aHATHUA MO yueOHoM muciumiuHe «PasmepHbie 3¢ dexTs B
HAaHOKPUCTAJUIMYECKUX MaTepuaiax» MpOBOIATCA B yueOHoU naboparopun «Duszuka
nuanekTpukoB» Ne 013, 060opya0BaHHOM KOMIUIEKTOM yueOHOW mMebenu Ha 18 mocagodHbIX MECT,
KOMILUIEKT pabouero mecra IMpernojaBaTelisi, MeJloBas JOCKa, | ycTaHOBKAa JJsi M3MEpPEHUs
KPUCTAJUTMYECKUX CBOMCTB Marepuayos,l W3meputenpHbii komruiekc P2-23A,1 HOyTOyK C
JUICH3UOHHBIM TIPOTPaMMHBIM O0ECIIeUeHUEM, JOCTYNOM K cetu WHTepHeTr, | MyabTUMEIUHBIA
MPOEKTOP, | 3KpaH MepeHOCHOM.

CamocrosrenbHas paboTa CTYACHTOB IPOXOIUT B unTaibHOM 3anie Ne 3 aBropedeparoB u
JUccepTaluii, YKOMIUIEKTOBaH KOMIUIEKTOM yueOHoi meOenu Ha 50 mocaJoyHBIX MECT, OCHAIIeH
KOMITHIOTEPOM B KOMILICKTE (2 IIT.), pacroJiokeH 1o ajapecy r. JJonerk, np. Tearpanbubiii, 13, kao.
106.

WunuBuayanbHple ¥ TPYNINOBBIE  KOHCYJAbTAllMM  CTYJAEHTaM Uil MPOBEACHUS
CaMOCTOSITENIbHOM paboThl MPEAOCTaBISIOTCS B KaOuHETe Kadeapbl TEOpeTUYECKOW (M3HKH U
HAHOTEXHOJIOTUH, YKOMIUIEKTOBAHHOM KOMIUICKTOM Mebenmu Ha 12  TocaJoyHBIX  MeECT,
OCHAIIIEHHOM KOMITbIOTEpOM B KoMiuiekTe (1 IIT.), MPUHTEPOM, CKAHEPOM, PACIOIOKEHHOM II0
anpecy 1. Jonenx, np. Tearpanbusiii 13, aya. 256.

13.  PEKOMEHJOBAHHAS JIUTEPATYPA

Koa-Bo Hanunune
IK3EMILIAPOB | JJIEKTPOHHOH
B Ou0/IMOTEKE BepCUM B

JlonHY 9bC

n/n HaumenoBanmne

OcHnoenasa numepamypa

1. Weanunpin  H.IL, Tepexos C.B., Ipuenko B.M.
Pa3zmepnbie ekt B HAaHOKPHUCTAJUTMYECKHUX
MaTtepuanax [@nexrponHsIii pecypc]: yueOHo-
meroanueckoe mocodue / H.IL.UBanuuwH, C.B.Tepexos,
B.M.IOpuenko — J[onenx : [JonwHY, 2019. -
OnexTpoHHble naHHble (1 ¢aiin)

2. Munocnackuii  A.I'. KoHcmekt nekuuii mo Kypcy
«OCHOBBI TIPOIIECCOB MHUKPO- M HAHOTEXHOJIOTHI». — 2
Honenk: JouHY, 2018. — 246 c.

3. Tepexo C. B. ®wusuka HaHOOOBEKTOB: [ydueOHOE
nocobue] / C. B. Tepexos, B. H. Baproxun; I'OY BIIO 3 +
«louHY» - onenxk: JonHY, 2013. — 418 c.

Honoanumensnas numepamypa

4, Hanorexnonornn u crnenuaibHble MaTepuaibl: y4eO.
nocodbue Mg CTYACHTOB BY30B, OOYYarOIIMXCS IO
HanpasyieHuto noarotoBku 140140 - TexH. ¢usuxka / HO.
[1. Connues, E. U. Ilpsaxun, C. A. Bonorkanuna, A. II.
[TerkoBa; mox pex. 1O. I1. Connanena. - Cankt-IlerepOypr:
Xumuzpaat, 2009. — 334, [1] c.

5. l'omoeun 1O. M. BBenenue B HaHOTEXHUKY. — M.: 2
Mammnoctpoenue, 2007. — 493 c.

6. Meroanueckue ykazaHus K jabopaTopHbIM paboTam Mo
cnenkypcey «Teopuss U METOIBI CTPYKTYPHOTO aHaIHM3a
(mmst  crynenToB cmenuanbHOocTH 6.040203)» / A.H. 11
Tponan, C. B.Uepronanos, I'.B. Tumodeena. — JloHemnk:
JouHY, 2013. - 96 c.
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1. KoBmoB A. H. OcHOBbl HAaHOTEXHOJOTUH B TEXHHKE:
y4e0. mocoOue i CTyICHTOB BY30B, OOYYarOUIUXCS I10
HaIlpaBJICHUAM MOATOT. JTUTITIOMUPOBAHHBIX
CIEIIMAITMCTOB "KoHCTPYKTOPCKO-TEXHOJIOTHYECKOE
obecnieueHne MaIlIUHOCTPOUTEIBHBIX np-B";
"ABTOMaTU3UPOBaHHBIC TeXHOJOTMH M Tip-Ba" / A. H.
Kogmos, 0. ®. Hazapos, . M. N6parumoB. — Mockaa:
Axanemus, 2009. — 239 c.

8. I'yces A. W. Hanomarepuanbl, HaHOCTPYKTYpBI,
Hanotexnojoruu / A. U. I'yceB. — U3a. 2-e. — Mockaa: 6
®u3maraur, 2009. — 414 c.

9. Urnatenko II. M. Kunermka oOpa3zoBaHusi W pocTa
KPUTHYECKHUX 3apOJIbIIIeH B HAHOCTPYKTYPHBIX IUICHKAX
6opunoB, HuTpUI0B U cunuiuaoB / I1. Y. Urnarenko, H. 1
[1. UBanunpin // ®Pusumka TBeproro Tema. — CaHKT-
[TetepOypr, 2012. — T. 54, Ne 12. — C. 2378-2382.

10. | Tuxmit A. A. Y4er CIOXHOWU CTPYKTYpPBI MOBEPXHOCTH
npu MHTEpHpPETALNUN pe3ynbTaTOB AJUINATICO-
METPUYECKUXU3MEPEHUM TOHKUX MPO3PAYHBIX IJICHOK Ha
npumepe okcuaa Wumus (III) / A. A. Tuxuii, 0. M.
Huxomaenko, M. 1O. banexkun, B. H. Cagnun, H. I
WBannneia, M. B. XuxapeB // Bectnuk JloHenkoro
HallMOHAIBHOTO  yHUBepcutera [Tekcr]:  HaydHBIN
xypHai. Cepuss A. EctectBeHHble Hayku / JlOHEUKHi
Hall. yH-T; peakoi. cepuu: C. B. becnanosa (. pen.) u
ap. — Jlorenk. — 2017, Ne 3. — C. 112-117.

14. HUHD®OPMAIMOHHBIE PECYPCbI
http://donnu.ru/ — caiit JlouHY.
http://library.donnu.ru/ — caiit oubaunorexu JouHY.
http:/Alibrary.donnu-support nu/catalog/scriptsinek2.exe/mb - Drextpormbiii kararior JJonHY:

15. IMPOT'PAMMHOE OBECIIEYEHHUE
1. Windows 7 PRO (xoprniopatuBHas nutensus JOHHY Ne 46484614);
2. Microsoft Office (kopnoparusnas sunensus JOHHY nunensust Ne 46472919);
3. Microsoft Visual Studio (nuuensus nporpammer DreamSpark [uist BRICIIHX y4EOHBIX 3aBE/ICHUN );
4. Jlunensuu GPL, Apache, BSD mist cBo6ogHoro nporpammuoro obecnieuenusi: FreeLab, Scilab,
Free Pascal, AutuBupyc Kacnepckoro, Adobe Acrobat Reader, xPDF

PabGowyas mnporpamMa paccMOTpeHa M TepeyTBepXKAeHa Ha 3acelaHuu  Kadeapsl
TEOpeTU4ECKON (PM3UKU U HAHOTEXHOJIOTUH ¢ u3MeHeHUsIMU (0e3 n3mMenenuit) Ha 20 TO/I.

ITpotokon Ne or“ 7 20 T
3aBenyrouuii kadeapoit

PabGowyas mnporpamMa paccMOTpeHa M TepeyTBepXKAeHa Ha 3acelaHuu  Kadeapsl
TEOpeTUUECKON (PM3UKU U HAHOTEXHOJIOTUH ¢ u3MeHeHUsIMU (0e3 n3mMenenuit) Ha 20 TO/I.

ITpotokomn Ne or“ 7 20 T
3aBenyrouuii kadeapoit
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