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IIporpamma cocraBieHa ¢ y4eToM @euepanbﬂom x"g)cyzx CHHOrO  06pa30BATENBHOTO _
CTAHIApTa BBICIIEr0 O0OpA30BAHHSA 10 HANPABIEHHIO-—HOATOTOBKH ~03.04.02 Omsnka,
YTBEPXKIEHHOTO MpHKkazom MunucTepcTBa o6pasoanus u Hayku Poccnmiickoii ®enepanuu ot 28
asrycra 2015 r. Ne 913.

IIporpamma yueOHO# JICIUIUTAHB «PASMEPHBIE ODOEKTHI B
HAHOKPUCTAJUIMYECKUX MATEPHAJIAX» cocranena nHa ocHose I'OC BIIO mo
HanpasieHuto - noarotoskn 03.04.02 ®u3uka, yTBEpHKAEHHOro NpHKazoM MuHHCTEpCTBA
obpasosanus u Hayku JIHP or «04» ampens 2016r. Ne 300, 3apermcrpupoBamHOrO B
Musucreperse foctumuu JIHP ot 22 ampens 2016 T. Ne 1195, «Ilonoxenus 06 oprasusarmuu
ydebHOro mpomecca B 00pa3oBaTeNBHBIX OPraHM3AMHAX BBHICHIEr0 NPOPECCHOHATLHOTO
obpasosanus Jlonenko#t Haponmoit PecryGmukm», yTBepXIEHHOTO mpukazoM MumwcTepcTBa
obpasopanus 1 Hayku JIHP 07 aBrycra 2015 r. Ne 380 (¢ u3MeHeHHAMHU 1 TONONHEHHIMH OT 30
okTs6ps 2015 r. Ne 750), yueGHoro miaHa mo- Hampasienuio moarotosku 03.04.02 ®usmuka (
Marucrepckas nporpaMma: ®usrKka KOHIEHCHPOBAHHOTO COCTOSIHHSA), YTBEPXKICHHOTO YUEHBIM
Coserom Vumeepcutera or 02.04.2019t., mpotokon Ne3 u OCHOBHOH 06pa3oBaTeTbHOM
TIPOrpamMMBl, YTBEpIKICHHOH nprKkazoM pekropa (Ne 102/05 ot 31.05.2019 1.).

Pa3paGoTun:
ITpodeccop, kamx. pus-Mar Hayk,

npodeccop kadeapsl TEOpETHIECKOH ;
3Ky 1 HAHOTEXHONOTHi Wanumem H.IT.

[Iporpamma yueGHOM TUCIMILTMHE! yTBEpXK/ICHA Ha 3aceaHnH Kadeaphl TeOpeTHUecKol Gpusuku
1 HAaHOTEXHOJIOTHH

[TIporoxon Ne 17_or« 04 »  ampems 2019 r.

/7
3aB. kadeapbl TEOPeTHUECKON (DH3MKH H HAHOTEXHOJIOTHIA .’/‘é Baproxun B.H

[Iporpamma yueOHOH JMCIMIUIMEBL 0J00OpeHa YYeOHO-METOIMYECKOH KOMHUCCHEN (H3HKO-
TEXHUYECKOTO (paKyapTeTa

[Iporoxon Ne 4 or« 08 »  ampens 2019 _r.

IIpexcenarens yaeOHO-METOIMYECKOMH
KOMHCCHH (haKyipreTa Kotenko B.H.




1. OobsacTh NPUMEHEHUsS] M MeCTO IMCUMILVIMHBI B Y4eOHOM mpolecce:

Kypc «PASMEPHBIE DOOEKTHI B HAHOKPUCTAJUIMYECKUX MATEPUAJIAX»
SBJIAETCS TUCIUIUIMHON 1o BhIOOpY BapuaTuBHOW yacTH broka 1 «Jluctumimuel (MOAYIIH)» MO
HanpasieHuto  nonroroBkn  03.04.02  ®wusuka  (Mmaructepckas — mporpamMma:  (u3MKa
KOHJICHCUPOBAHHOTO COCTOSIHHUS).

JucuuiuinHa peanu3yercs Ha (pu3HKoO-TeXHHUYECKOM (akyiapTeTe Kadeapoil TeopeTHUecKOoi
GU3UKM ¥ HAHOTEXHOJOTUH. JIJIsl M3y4eHus: JaHHON y4eOHOM AMCIUIIMHBI HEOOXOIUMBI 3HAHHS,
YMEHUSI ¥ HaBbIKH, C(GOpPMHpPOBaHHbIE B TMpolecce H3ydeHHs mnpeamMeToB «OCHOBBI
HAHOTEXHOJIOTHH. Teopusi 1 METOAbI NOTyYeHHs HaHOMaTepuaioBy, «Kpucramiodusnka, Teopus
U METOABl CTPYKTYPHOTO aHaluMu3a», <«OJEKTPOHHAs MHUKPOCKONHMS H PpEHTreHorpadus
MaTepHuaioB», «CTpyKTypooOpa3oBaHue U SABJICHUS MEPEHOCA B KPUCTAIUIAX M TOHKUX IJICHKAX).

HOJ'Iy‘leHHI)IG 3HaHUA HCIOJIB3YIOTCA CTYACHTaMHM BO BpEMsA BbIIIOJHCHHUSA HAy4YHO-
HCCHGﬂOBﬂTGHLCKOﬁ pa6OTBI IIpHU HAIITMCaHUH MaFI/ICTepCKOﬁ JAUCCCPpTAllH.

2. CTpyKTypa A¥CUUILIHHBI

Xapakmepucmuka y4eoHoil OUCYURIUHBL

Hamnpasnenue noaroToBku 03.04.02 ®usuka
Marucrepckast mporpamma ®du3uKa KOHACHCUPOBAHHOTO COCTOSIHHS
[IporpamMmMa noAroToOBKH Marucrparypa
Kpanuduxarms MarucTp

KonmuecTBo conepkarenbHbIX MOYJIEH 4

JuctunamHa 6a30B0H / BapHaTUBHOM YacTH

o JMCLUILIMHA BAPHATUBHOM YacTH
00pa3oBaTeNbHON POTPAMMBI

@OpMBI KOHTPOJIS 1 MOynbHBIN KOHTPOJIb, 1 SK3amMeH
TMokasaremn ouHas (popma 3aouHas Gpopma
oOyueHus o0Oy4deHus
KonndecTBo 3a4eTHbIX eArHUIL (KPEAUTOB) 4
"o moaroToBku 2
Cemectp 3
KonmuecTBo yacos 144
- JEKIIMOHHBIX 6
- IPAKTUYECKUX, CEMUHAPCKHUX 42
- 1a00PaTOPHBIX
- CAaMOCTOSATENbHOM paboThI 96
B T.4. HHMBHIyaJbHOE 3a/IaHUE
HenenpHOE KOJIMYECTBO YaCOB, 4
B T.4. AYJJUTOPHBIX 4

3. Onucanue QM CHUNINHBI
eau u 3apaun
He.ﬂb HU3YUCHUSA AOUCHUILIIMHBI ((PaSMeDHI)Ie 3d)d)eKTI)I B HAHOKPHUCTANIMYCCKUX MaTcpuajiax»

3aKJII0YAeTCsl B MOJYyYEHUH YIIyOJeHHBIX 3HAHUM B 00JaCTH (PU3NYECKHX OCHOB (OPMHUPOBAHUS

CTPYKTYPBI M «OCOOBIX» CBONCTB HaHOPAa3MEPHBIX W HAHOCTPYKTYPHUPOBAHHBIX MaTEPHAIIOB:
dhopMHUpOBaHUHM Y OYIYIIMX CIEIHAIMCTOB YMEHUH JIS WCIOJIB30BaHUS 3TUX A(P(HEKTOB s
CO3/IaHUS HOBBIX ()YHKIIMOHATBHBIX MATEPHAIIOB M TEXHOJIOTUI MX U3TOTOBJICHUS.

33}]3‘13 HN3YUCHUA OTUCHUILIUHBI «Pa3Mepr,1e Bd)d)eKTI)I B HAHOKPHUCTAJTIMYCCKHUX MaTcpHuaiax»

MpeArnoaraeT MoJydeHHe YrIIyOJIeHHBIX 3HaHUN B 00JacT (pU3NYECKUX U (HU3UKO-XUMHUUECKHUX




OCHOB (OPMHUPOBAHUS CTPYKTYpPHl M CBOWCTB HAaHOPAa3MEPHBIX CHUCTEM; CHCTEMaTHU3AIUIO
CIOCOOOB ¥ TPUEMOB TOJYYEHHS HAHOCTPYKTYPUPOBAHHBIX MaTepUaAIOB, 0030p HX
(YHKIMOHATBHBIX CBOMCTB, MOJIXOIOB W MPUMEPOB pa3pabOTOK HOBBIX (PYHKIMOHAIBHBIX
MaTepHalioB, OCHOBAHHBIX Ha cHenu(uke CBOWCTB HAHOOOBEKTOB M HAHOCTPYKTYPUPOBAHHBIX
CHCTEM; MPEIOCTABICHUE CBEICHUI 00 OCHOBHBIX MEPCIEKTUBHBIX TEXHOIOTHSIX.

TpeGoBanuss K pe3yjbTaTaM OCBOEHUS] AUCUMIUIMHBI: [Iporiecc W3ydyeHHsS TUCIUILIMHBI
«PA3SMEPHBIE DO®EKTbHI B HAHOKPUCTAJUIMYECKUX MATEPUAJIAX» HampaBieH Ha
(hopMHUpOBaHHE AIEMEHTOB CleAyImUX KommneTreHIuid B cooTBeTcTBUM ¢ ®PI'OC BO P® mo
HanpasieHnto noArotoBku 03.04.02 dusuka ¥ OCHOBHOW 00pa30BaTeIbHOW MPOrPaMMBbl  BBICIIETO
oOpasoBanmst  HarpasieHuss moaroropku 03.04.02 dusmka (Marucrepckas mporpamma: (u3uka
KOHJICHCHPOBAHHOTO COCTOSIHUS):

a) oowexyromypuuvix (OK):

CIIOCOOHOCTBIO K a0CTPAKTHOMY MBIIUICHHUIO, aHau3y, cuHre3y (OK-1);

TOTOBHOCTBIO K CAMOPA3BUTHIO, CAMOPEATIU3aLIMH, UCII0Ib30BAaHUIO TBOPUECKOIO NOTEHLIMAA
(OK-3).

0) oowenpogpeccuonansuvix (OIIK):

TOTOBHOCTBIO K KOMMYHHUKAIIUK B YCTHOW U MMUCbMEHHOH (opmax

Ha rocyaapcTBeHHOM s3bike Poccniickoit denepanuy 1 MHOCTPAHHOM SI3BIKE JUUIS PELICHUS 33134
npodeccronanbHoi AestenbHocTh (OITK-1);

CTIOCOOHOCTBIO K aKTHBHOM COIMAIbHON MOOMIBHOCTH, OPTaHU3AIHH
HAy4YHO-UCCIIEI0BATEILCKUX U HHHOBAIMOHHBIX pabot (OIIK-3);

CIIOCOOHOCTBIO aITaITHPOBATHCS K M3MEHEHUIO HAYIHOTO PO CBOCH
poeCCHOHATILHOMN 1eATEIbHOCTH, COLIMOKYIbTYPHBIX M COLMANIBHBIX YCIOBUN AEATEIbHOCTU
(OIIK-4);

CIOCOOHOCTBIO MCIIOIb30BaTh CBOOOIHOE BiIaIeHHE TPOPECCHOHATIBHO MPOPUINPOBAHHBIMU
3HAHUSIMU B 00JIACTU KOMITHIOTEPHBIX TEXHOJOTUM ISl pelIeHus 3a/1a4 mpodeccuoHanTbHON
JesITeIbHOCTH, B TOM YHUCIIE HAXOAIINXCA 32 peieslaMi HalpaBiIeHHOCTH (poduiis)
noarotoBku (OTTK-5);

CIOCOOHOCTBIO MCIIOJIb30BaTh 3HAHUSI COBPEMEHHBIX MTPO0JIEM U HOBEHUIIINX

JTOCTIOKEHHUH (PU3MKH B HAYIHO-HCCIIeq0BaTeNbekoit padote (OITK-6);

CIOCOOHOCTBIO IEMOHCTPUPOBATH 3HAHUS B 00J1aCTH (PUIIO0CO(CKUX BOIPOCOB
€CTeCTBO3HAHUS, UCTOpUH U MeToonoruu dusuku (OI1K-7).

8) npogpeccuonanvusvix (I1K):

HAYYHO-HCCJIeI0BATEIbCKAS eI TEIbHOCTh:
CIIOCOOHOCTBIO CAMOCTOSITENIbHO CTAaBUTh KOHKPETHBIE 337]aul HAyYHBIX

WCCIICJIOBAHMH B 00JIACTH (PM3UKH U PelIaTh HX C IIOMOIIBIO COBPEMEHHOH armapaTypsl U
MH(OPMAIIMOHHBIX TEXHOJIOTHH C HCIIOJIb30BAaHUEM HOBEHIIIET0 POCCUHCKOTO U 3apyOeKHOTO
ombita (ITK-1);

HAYYHO-MHHOBAIMOHHASI /IATEIbLHOCTh:

CIIOCOOHOCTBIO CBOOOHO BIAJETh pa3zesiaMu (PU3UKH, HEOOXOIUMBIMU

JUISL pellieHus] HAyYHO-WHHOBAIIMOHHBIX 3371a4, U IPUMEHSThH PE3yIbTaThl HAYYHBIX UCCIIEIOBAHUN
B HHHOBAIMOHHOM aestensHoctH ([TK-2);

CIOCOOHOCTBIO MPUHUMATH yYacTHE B pa3paboTKe HOBBIX METOJOB U METOJUYECKHUX MOIXO0JIOB B
HAyYHO-MHHOBAIIMOHHBIX UCCIICTOBAHUSIX M HHKEHEPHO-TEXHOIOTHYecKoit aesirenbHocTr (ITK-3);
OpraHu3alMOHHO-YNPaBJIeHYeCKAas e TeJIbHOCTh:

CIOCOOHOCTBIO TUTAHUPOBATh U OPTAaHU30BBIBATH (DU3HUECKUE UCCIICIOBAHMSI,

Hay4HbIe ceMUHapbl U KoHpepeHuuu (I[1K-4);

CITOCOOHOCTBIO UCTIONBH30BaTh HABBIKM COCTABIICHUS U 0()OPMIICHHS



HAYYHO-TEXHUUYECKOU JOKYMEHTAIIMH, HAYYHBIX OTYETOB, 0030pOB, TOKIIAT0B

u crareit (ITK-5);

neIaroruvyeckast 1esiTeJbHOCTh:

CIIOCOOHOCTHIO METOAMYECKH TPAMOTHO CTPOMUTD TUIAHBI JICKIIMOHHBIX

U TIPAKTHYECKUX 3aHATHUH 10 pa3jesaM yudeOHbIX AUCIUILIAH U MYOJUIHO U3JIaraTh
TEOPETHUYECKHE M MTPAKTUUECKHE Pa3/Ieibl YICOHBIX TUCIUILUINH B COOTBETCTBUH C
YTBEPKJICHHBIMH y4eOHO-METOIUUCCKUMU TOCOOMSIMU TTPU PeaM3alliy MporpaMm OakajgaBpuaTa
B obmactu pusuku (ITK-6);

CIIOCOOHOCTBIO PYKOBOAMTH HAyYHO-HUCCIIEIOBATEILCKOM ACATEIBHOCTRIO B 001acTH HU3NKU
oOyuyarommuxcs mo mporpammam Oakanaspuata (ITK-7).

B pe3yabrare uzydenusi y4ueOHOH TMCHUIJIMHBI CTYJAEHT H0JIKEH
3namo:

. ¢usnyeckue OCHOBBI  (OPMHUPOBAHUS  MaTepUAOB C  HETPaJULIMOHHBIMU
CTPYKTypaMu: (pakTalbHBIX arperatoB; (Qy/UIepeHOB H (ymsiepuTa; KIaCTepoB U
KJIACTEPHBIX CHCTEM; HAHOPA3MEPHBIX YACTHUL, aMOP(HBIX M HAHOKPHCTAIMYECKUX

MaTepHuaos;

. MeXaHu3M (opMHpPOBaHUs 1€(PEKTOB B HAHOKPUCTAJUIMYECKUX MaTepHaax;

. MIPUYMHEI, BBI3BIBAONTIE (DOPMUPOBAHHIE 3€PHOIPAHUYHOMN CETperamnuu.

. TEXHOJIOTHYECKHE OCHOBBI (JOPMHUPOBAHUS HAHOKPUCTAIUIMYECKMX MaTepPHAJIOB;

. (u3nvecKre OCHOBHI MEPCIIEKTUBHBIX HAHOTEXHOJIOTUH;

. METO/Ibl aHAJIN3a U UCCIIEN0BAaHUs HAHOCTPYKTYD;
ymembp:

. BBIOMPATh METOIBI KOHTPOJISI CTPYKTYPHI U 1e(DeKTHOCTH HAHOMATEPHAJIOB;

. BbIOMPAaTh  TEXHOJOTMH  MOJIyYEHHMs  HAHOYACTHUI], IUIEHOK, MAaCCHBHBIX
HaHOMAaTEpHAJIOB COOTBETCTBEHHO IIOCTABICHHOW 3a/1a4H;

. BBIOMPATH YCIOBUS CUJIOBOTO HAHOTECTUPOBAHUS JUIs 3a/laHHBIX 00Pa3IoB;

. ONPEIEIATh TUIl 36pPHOTAHUYHUX CErperanui.

. noaoupaTb HEOOXOAMMYIO JUIsl TNPOEKTHPOBAHUS MAaTepUaloB C 3aJaHHBIMU
CBOMCTBAaMH CIIPABOYHYIO JIUTEPATYPY:

. 000CHOBAHHO BBIOMpPATh HAHOMATEPHAJIbl M PAllMOHAIIBHO UX UCIIOJIb30BaTh.

6/1a0emb: OCHOBAMH aHAJIN3a CBOICTB HaHOMATCPUAJIOB U METOJAMU HUX IMOJTYUCHU .

4. Conep:xanue IMCHUILUIMHBI M (POPMBI OPraHU3alMH Y4eOHOI0 Mpouecca

IlopsinkoBbiii  HOMep | KpaTkoe copep:xanue TeMbl
U TeMa

Cooeporcamenvutit modyas 1. Ocobennocmu cmpykmyput
HaHoOMamepuanoe

Tema 1. Ocodennocmu | TepMHUHOJIOTUYECKUE TTOAXO/IBI K ONMUCAHUIO MOHATHUS

CIMPYKmypbol «HaHOMaTtepuany. Kpuruueckuit pa3mep CyIiecTBOBaHUS
HAHOMAMepuanNoe HaHOKPHCTAJUTMUECKOT0 MaTtepuraia. J{oms rpanull pa3aena B o0Iem
o0beMe HaHOMaTeprana. BOSHUKHOBEHHE HOBBIX KA4eCTB MPH
YMEHbBIIIEHUU 00heMa BEIIeCTBa

Cooeporcamenvuwtit modyns 2. Tunvl HanopazmepHvlx cucmem




Tema 2. Tunwot
HAHOMAMmMepuanos

Hanowusznenusa. Mukpousnenusi. MaccuBHbIE HAHOMATEPUAJIBI:
onHodasHble u MHOTOGa3HbIe. KOMITO3UTHI ¢ KOMIIOHEHTAMU W3
HAaHOMAaTEPHUAJIOB.

Tema 3. Ceoiicmea
HaHOMamepuanoe

Oco0OeHHOCTH CBOICTB HAHOMATEPUAJIOB

Cooeporcamenvustit modyns 3. Hanomexnonozuu

Tema 4. @ynnepenwi,
dyrnepumeot,
HanompyoOKu

Oynnepensl, QymIepuThl, HAHOTPYOKH

Tema 5. Oonracmo

OcHoOBHBIE obnactu IIPUMEHEHUS HaHOMAaTepHaJoB U

npumeHnenus HAHOTEXHOJIOTUN: KOHCTPYKIITMOHHBIC MaTepUalIbl, UHCTPYMEHTAJIbHbIE

Hanomamepuanoe MaTepHuabl, IPOU3BOJICTBEHHBIE TEXHOJIOTHH, TPUOOTEXHUKA, BOCHHOE
JeNo, sIepHas HHEPreTHKa, JJICKTPO-MarHWTHAsT M DIIEKTPOHHAS
TEXHHKA, 3aIIUTa TOBEPXHOCTH MAaTepPHAIIOB, MEIUIIMHA 1 OMOTEXHUKA
Cooeporcamenvuutit modyns 4. Ilpodnemvt nanomamepuanoseoenus

Tema 6. Ochnosnble | Ciumanue  HaHOYACTHI[ TNpH  (QOpMUpPOBAHUU  U3ACIUNA U3

npoonemul HAaHOMOPOIIKOB. HecTaOMIBHOCTh  CTPYKTYphl ~HaHOMATEPHUAJIOB.

Hanomamepuanoseden | Koppo3us HHHOCTPYKTYPHBIX KOHCTPYKIIMOHHBIX MaTEpUaOB.

us

TemaTnuyecknii mjian

ConepxarejbHblid MOAYJb 1-« Ocobennocmu cmpyKkmyposl HAHOMAMEPUATLO8)

Koan4yecTBO 4acoB
Ounas ¢popma o0y4eHus 3aounas popma o0yueHunst
B T.4. B T.4.
HasBanus coaep:katejibHbIX
N = =
MOAYJIeH U TeM o |o 8 5 o o |s 5
= = |8 |E E = X T |5
b5} O laa BsRE | o = (D) S g s R s
o = D] s} = = = O = 0] o = = =
m = =N B & 2 > O Mm = =} = R @ )
« = S o Q© =S [ =~ < o Q ~ O
O E o g spR s 5 ) Q g s ks
=S X |0 b 9P = =S ¥ o |o &R &
s (& B = < ta) o) ~
2|8 5 = = < |5 =~
=R = = = = =5 |8 s
© ~ o ~
Tema 1. Ocobennocmu
CmpyKmypbl 24 | 1 |7 16
Hanomamepuanos
Hmozo no
cooepicamenvHomy mooyaio | 24 | 1 | 7 16
1

TemaTnyeckuii njian




ConepxaTteJabHbIil MORYIb 2-« Tunsvt HAHOPA3MEPHBIX CUCHEM)

KoanyecTBo 4acoB

Ounas ¢popma o0y4eHus1

3aounas popma oOyuenust

B T.4. B T.4.
Ha3zBanus coxep:kaTejJbHbIX
" b &
MoOJyJIell U TeM o |o 8 5 o o | S
= b =g b
o = T i o = o) o A
= = X T = = < jan) =)
b5} O la B sE S| o S () S g S RS
o = 0] o Kk K [ 1> = Q o) = = =
& H | e g ool a = = £ |x.Q 2.9
2 |2 |l Y Fe ( = s BY H©
O E g sl s ) > Q g8 ks
= X 10 b &P < S =1 o o & B <
S & B = S O (S =
Q| = =g Q. < s =
> < 15} <
Tema 2. Tunwt
24 | 1 |7 16
Hanomamepuanos
Tema 3. Ceonicmea
24 | 1 |7 16
Hanomamepuanos
Hmozo no
cooeprcamenvHomy mooyaio | 48 | 2 | 14 32
2

TemaTnyeckunii mian

Copep:karenabHblii Moayab 3-« Hanomexnonozuu»

KoJsmnuyecTBo 4acoB

Ounas ¢popma o0yueHus

3aouHas popma oOyueHust

B T.4. B T.4.
HasBanus coaep:xatejibHbIX
N = =
MOyJeil U TeM o |g B § o |2 |2 EE
= |4 S 4
s s B1EELE.|2 = EELE
15} Q oSl S| o = 5} Q 68 R S
o =~ Q o & I = O = 3] o) = = =
) H & e g o Bola = = £ |v.9 2.9
M = [a~] o) © J O N4 = [a~] ) © H O
) = QB S B s ) = e B S B s
E |2 |0 b &B & E 2 |5 5 aRr e
S Qe 6 = S g |© =
o | = ~ o < s =~
© ~ o =
Tema 4. @ynnepenwi,
24 | 1 |7 16
dyrnepumot, nanompyoxku
Tema 5. Oonacmo
npumenenusn 24 | 1 |7 16
HaHomMamepuanoe
Hmozo no
cooeprcamenvhomy mooynro | 48 | 2 | 14 32
3




TemaTn4yeckui miaan

ConepxarejbHbIid MOAYJb 4-« IIpoonemvt HanomamepuanogedeHus »

KosaunuecTBo yacoB
Ounas ¢popma o0y4eHus1 3aounas popma oOyuenust
B T.4. B T.4.
Ha3zBanus coaep:katejibHbIX
N = =
MOIYJell U TeM v |2 B § o |2 |2 §
S | A ) )
8 - & T é sl 8 “ = é sl
5] O |l BesR | o = [ (ST R T = R
o =~ Q o kK = O =~ 2] o) i =
A g |2 e R Re| A = 5 £ = Q2 B9
2 |2 e Y ¢ 2 = s |6Qe H©
E |2 |9 b B & 5 |2 |9 B aelE e
S S B =~ < O o <
8 |Is B = = s (= =4
© ~ 131 ~
Tema 6. OcHognvle
npooemul 24 | 1 |7 16
HaHomamepuanio6eoenHus
Hmozo no
cooepicamenvuomy mooyro | 24 | 1 | 7 16
4
Bcezo uacoeé no oucyunaune
144 6 |42 96

5.Meroauyeckue peKOMEHIAUMH /sl TPOBeJAeHUS] JEKIHOHHBIX, TMPAKTHYECKUX U
J1a0OpPaTOPHBIX 3aHATHI.
[TpakTHueckue He IPeTyCMOTPEHBI YUEOHBIM IJIAHOM.

TEMBI JJEKIIUOHHBIX 3AHSATUI

No Konuuecmeo
Hazeanue memui
n/n uacoe
1 |OcoGeHHOCTH CTPYKTYPHl HAHOMATEPUAIOB 1
2 |[Tumbl HaHOMAaTEPHUAJIOB 1
3 | CBoiicTBa HaHOMaTEPHAIIOB 1
4  |Dynnepensl, QpynaepuTs, HAHOTPYOKH 1
5 |OGnacTs NpuUMEHEHUSI HAHOMATEPHAIIOB 1
6 |OcHoBHBIE TPOOIEMBI HAHOMATEPHUATIOBEICHHUS 1
BCEI'O 6

TEMBI IIPAKTUYECKHUX 3AHATUA

| No | Ha3zeanue memui Konuuecmeo




n/n uacos
1 |Crpykrypa, TUIIBI U CBOMCTBA HAHOMATEPHAJIOB 10
2 [IpuMeHeHHE HAHOMATEPHAIIOB 11
3 |[IpobGseMbl HaHOMaTEpUATIOBEACHUS 10
4 |YraepoaHsie HAHOOOBEKTHI 11
BCEI'O 42

6. Meronuyeckue peKOMEHIALMHU M0 OPraHU3AIMUA CAMOCTOATEIbHOI PadOThI CTYIEeHTOB.

OPTAHU3AIIUSI CAMOCTOSITEJIbHOM PABOTHI CTYJIEHTOB

Ne Konuuecmeo
" Ha3zeanue memoi waCOs
1 [CroiicTBa MHIMBUYaIbHBIX HAHOYACTHULL 16
2 |YriepoaHble HAHOCTPYKTYPBI 16
3 |OO6BbEMHBIE HAHOCTPYKTYPHUPOBAHHBIE MATEPHUAITBI 16
4 |[lonyueHue U cTabUIM3aIMS HAHOYACTHULL 16
5 |Pa3zmepHbie 3PPEKTHI B TETEPOTCHHBIX CUCTEMAX 16
6 |KuHeTndeckre 3aKOHOMEPHOCTH AJICKTPOOCAKICHHUS HAHOYACTHIL U TNIEHOK 16
METaJIOB
BCEI'O 96

7. I/IH}II/IBH)]yaJ'lI)HbIe 3aIaHUA COACPKATCH B METOAUYECCKUX YKA3aHUSIX.

9.

TeMbl /151 BbIIOJIHEHUS l/lH}]I/IBI/l)IyaJIBHOﬁ paﬁoTbI

UccnenoBanue CTpyKTypHI.

Mertona BpallieHus: KpUcTasia.

Meton nopouika

MarnutHble nedeKThl B HAHOCHUCTEMAax: DHEpPrusl B3aUMOJEWCTBUS U BpalllaTeIbHbBIN
MOMCHT.

KynoHoBckuii paanyc sKpaHUpPOBKH.

Metoasl  ompeneneHuss  pa3MEpPOB  YACTHUIl.  DJIGKTPOHHAs  MHUKPOCKONHUS U
TU(GPaKIIUOHHBIN METO/I.

Bimstnue pa3zmepa rpaHull 3epeH Ha CBOMCTBA: AaHOMAJIMU MEXAHUYECKOTO TIOBEICHMUS.
8. JlucrnokannoHHast MOJIENb TPaHUI] pa3jiesia: MaJIOYTJIOBBIE U OOJBIIECYTIOBBIC TPAHHIIBL.

IS e

~

KoHTpoJiIbHBIE BONIPOCHI K IPOMEKYTOYHOMN aTTeCTALMHU

TepMuHoOIOrHUECKNE TOAXObI K OMMCAHUIO TTIOHATHS «HAaHOMAaTEPHAI».
Kpurtnuecknii pa3mep CyliecTBOBaHUS HAHOKPUCTAIUIMYECKOTO0 MaTepuraa.
Jonst rpanull pa3zaena B o0uieM o0beMe HaHoMaTepHara.

Bo3HHKHOBEHHE HOBBIX KaueCTB IIPU YMEHbBIIIEHUH 00beMa BEIeCTBA
Hanousnenusa. Mukpousaenus.

MaccuBHble HaHOMaTepHalbl: 0AHO(a3HbIE 1 MHOTO(a3HbIE.

KoMno3uTs! ¢ KOMIIOHEHTaMH U3 HAHOMAaTEPUAJIOB.

Oco0eHHOCTH CBOICTB HAHOMATEPUAJIOB

NGO~ wWNE

O6pazenr moxyiabHoro koutpoasi (OBPA3EIl BAPUAHTA W KPUTEPUM

OINEHUBAHMUS)



IOy BIIO «IOHEIIKAN HAIIMOHAJIbHbIIA YHUBEPCUTET»

Ou3HNKO-TeXHUUECKUI (PaKynbTeT

Hanpaenenue noocomosxu: 03.04.02 @u3uxa

Mazeucmepckas npocpamma: Quzuka KOHOEHCUPOBAHHO20 COCMOAHUSA
IIpoepamma noocomosku: Mazucmpamypa

Cemecmp 3

Yuebnas oucuyuniuna PASMEPHBIE 5O DEKTHI B

1.
2.

HAHOKPUCTA/VIHYECKUX MATEPHAJIAX

MOAYJBbHASA KOHTPOJIbHAS PABOTA
BAPHUAHT Nel
BO3HI/IKHOB6HI/IG HOBBIX KAa4YCCTB HpI/I yMCHbH_IeHI/II/I OGBeMa BEIICCTBA
Hanown3nenms

VYTBep:kIeHO Ha 3aceaHnu Kadeapol TEOPETHIECKOH (PU3NKHN N HAHOTEXHOJIOTHH,

poTOoKOJ Ne oT

3aB. kadenpoii
[Ipenonasarens

13 2 20_ r'

KpnTepml OLCHUBAHUSA MOAYJBHOI'0O KOHTPOJIHA

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

10. Oépazen sx3amenannonHoro oOomjera (TEOPETHYECKHUE BOIIPOCHI K
3K3AMEHY, OBPA3EI] BUJIETA 1 KPUTEPUI OITEHUBAHUS)

Teopemuuecmte 680NPOCHL K IK3AMEH)Y

Beenenne. Knaccugukaius BemecTB MO arperaTHbIM COCTOSHUSAM. OcoOeHHOCTH
YETBIPEX arperaTHbIX cocTOssHUNA. PopMyna KpucTaiia. bavKHUN 1 JaIbHUN TOPSAAOK.
JIByMepHBIE U TpeXMEpPHbIE penleTku bpase. DneMeHTapHass U NPUMHUTUBHAS STYEHKHU.
Suelika Burnepa — 3edTua.

HccnenoBanue cTpykTypbl. PeHTrenoBckoe u3inydenue. 3akoH Bynbga — bparra.

Tumsl cBs3ei B KpUcTaliax ¥ HAHOCUCTEMAaX: MOJIEKYJsIpHas CBsi3b. [loreniman 6 — 12
(morenmman Jlenapna - J[>xonca). C:xumMaeMOCTh M OOBEMHBIN MOJYJIb YIIPYTOCTH.
Tunsl cBsA3el B KpUCTAUIaX U HAHOCHUCTEMAaX: MOHHAS CBSI3b — MOTCHIIMAT U DHEPTHS
Manenynra. KoBasieHTHas cBsizb. CHCTEMBI C BOJOPOIHBIMU CBSI3SIMH.

Tunsl cBsA3ell B KpUCTaIIaxX: MeTaTndeckas cBsi3b. MoJIeb U OCHOBHBIE MOJIOKEHUS
moaenu pyne.

Knaccudukanus BemecTs W MaTepuaaoB IO pa3Mepy 4dYacTuil (3epeH). THIbI
HAaHOKPHUCTAJUIMYECKUX MaTEPHAIIOB.



10.

11.

12.
13.

14.

15.

16.

17.
18.

19.

20.
21.
22.
23.
24,
25.
26.

Hedextsl B HaHOMaTepuanax. Kinaccupukarys ux no reoMeTpuieckomMy Ipu3HaKy.
I'paHu1bI KpUCTAIUINTOB U Apyrue aAedekTsl. Jlomns rpaHull 3epeH B o0beMe
HaHOMAaTepHaJIOB.

PazmepHsble 3¢ (exThl B HAHOKPUCTAIIIMUECKUX MaTepraiax: YMciao YacTHIl Ha
IIOBEPXHOCTHU U MOJIHOE YUCIIO YaCTUILl B CUCTEME.

XapakTepHble pa3MepHble M (PU3MYECKHE MapaMeTpbl: JUIMHA CBOOOIHOro mpoldera;
paauyc Jlapmopa; UIMHA KOT€pEHTHOCTH M TIiyOMHAa IPOHUKHOBEHUS; paanyc
9KPaHUPOBKH U 1.T.

Toueunsie nedexTel. B3amMopelcTBHE 3apsHKEHHBIX W MarHUTHBIX J€(PEKTOB C
MeX(}a3HBIMU U MEK3EpPEHHBIMU I'PaHULIAMU pa3zena.

B3anmoneiicTBre TUCIOKALNM C TPaHULIAMU Pa3JIeiia.

OHeprus TIpaHul] paslena: IEKTPOCTATHYECKAs COCTAaBJISIONIAs JHEPruu; SHEPIus
30HHOM CTPYKTYphl. CTpPYKTYypHBIH (DaKTOp CHCTEMBl W BHYTPEHHUH CTPYKTYpPHBIN
(dhakTop.

®aktop [ebas — VYomnepa B 1e0a€BCKOM U ASUHINITECHHOBCKOM NPHOIMKEHUAX H
COOTBETCTBYIOIIME XapaKTEPUCTUUECKUE TEMIIEPATYPBbl, HAIIPUMED, CEIICHA.

SIBrieHus cerperanuu Kak ciefcTBue mporecca auddy3un: rpaHudHble yCIoBus Mak
JIuna, Jlenrmropa u @ayiepa, MHOTOCIIOMHBIE CETPEraLyy.

Tepmonnnamuka. @a30Bble paBHOBECUS: IOTPAHUYHBIE CETPETAL[MN U NIEPECHIILIEHHbIE
(a3bl. 3aKOHOMEPHOCTHU aICOPOLIUH.

Pexpucrannu3zanus kak cineacteue 1udGy3uu.

MexaHuueckue CBOMCTBAa: MOPUCTOCTh IO M3MEPEHUIO TBEPAOCTH IO Bukkepcy u
Moayib FOHra.

Ponpb mop, HECIUIOIHOCTEN U HECOBEPILIEHCTB KOHTAKTOB B INOHM)KEHUU IIPOYHOCTH U
IJIACTUYHOCTH.

3akoH Xouna — [lerya ans aMopHOTo coCTOSTHHUSL.

DneKkTpudeckue u ontudeckue (MH(paKpacHbie CIIEKTPBI) CBOHCTBA HAHOMATEPHAJIOB.
MarsuTHble CBOMCTBA: BIMSHUE pa3Mepa YaCTHLl Ha KOOPLUUTUBHYIO CHUITY.

MeTo bl CHHTE3a HAaHOIMIOPOIIIKOB: Ia30 - , TEPMO —1M MEXAHOCUHTE3 U JIP. METOIBI.
CrpykTypHble U (ha30BbIe MPEBpaALCHUs: (POHOHHBIHN CIIEKTP U TEMJIOEMKOCTb.
['panune! pa3aena B KOMIAKTUPYEMBIX HAaHOMaTepHasax.

Hanorexnonoruu: aurorpadus, MOJIEKYyJISIPHO — JIydeBasi STUTAKCHsL, CKAHUPYIOLast
TYHHEJIbHAsl U aTOMHO — CHJIOBasi MUKPOCKOITHSI.

Ooépaszey IK3aMeHAYUOHHO20 Ounema

TrOY BIIO «JIOHEIKWIA HAIITMOHAJBHBIII YHUBEPCUTET»

OU3NKO-TEXHUUECKUH (paKyIbTeT

Hanpaesnenue noocomosxu: 03.04.02 ®u3uxa
Mazucmepcxkas npoepamma: guszuxa KOHOEHCUPOBAHHO20 COCMOAHUSA
Ilpoepamma noocomosku: Mazucmpamypa

Cemecmp

3

Yuebnas oucyuniuna PASMEPHBIE 5®®DEKTHI B

HAHOKPUCTAJUIHYECKUX MATEPHAIAX

BMWJIET Nel

1. Kiaccugukanus BemecTB M0 arperaTHbIM COCTOSIHUSM .

2. Toueunsie neheKTHI.

3. 3axon Xomna — [leTua 115t aMOp(HOTO COCTOSIHUS.



VYTBepKIeHO Ha 3acejaHuu Kadeapoil TeOpeTHIeCKoi (PU3NKH 1 HAHOTEXHOJIOTHA, IPOTOKOI
Ne or“ ” 20

3aB. kadenpoii

DK3aMeHaTop

Kpumepuu oyenueanus sxsamena

Homep 3a0anusn Konauuecmeo oannos
3aganue 1 15
3aganue 2 15
3amanue 3 20
Bcero 50 6ans0B

11.006pa3en TecTOBOIO 3aJaHUsl (Npu HATUYUL)
12. Kpurepuu oueHUBaHUSA
I[To xypcy «PA3BMEPHBIE DO®OEKTBI B  HAHOKPUCTAJUIMYECKUX
MATEPUAJIAX» mnpennonaraercss NpOBEACHUE NPOMEKYTOYHOM aTrTecTallud B  BUJE
MOJIyJbHOTO KOHTPOJIS, BBIMIOJHEHHE WHAWBHUIYAIBHOW pPa0OTBI M SK3aMeH. DK3aMEH CHAI0T
CTY/IEHTHI C LIEJIbIO MOBBILICHUS PEUTHHTA.

Pacnpeodenenue d6annos, Komopsvie MO2ym noJy4uns CmyoeHmaol
6 npouecce u3yueHus OUCYUNIUHDL

Opranu3anuoHHO CPC
yuebnas pabora NuauBuayanbHas MonyabHbI KOHTPOJIb
CTyJeHTa paGoTa
max 10 6amioB max 10 6amnoB max 30
Oaju1oB

IIxana coomeemcmeus 641,106 HaI{MOHaJleOﬁ uwKaie

Ounenka Ounenka mo OuneHka 1o rocy1apcTBeHHOM HIKaJIe Onenka mo
no mkaie | 100-6anabHoOM (3x3ameH, Ju(PpepeHIMPOBAHHBIN 3a4eT) rocy1apcTBeHHOM
ECTS HIKaJje HIKaJe (3a4eT)
A 90-100 5 (OTIM4YHO) 324TEHO
B 80-89 4 (xoporto) 3a4TE€HO
C 75-79 4 (xopor11o) 3a4TE€HO
D 70-74 3 (yIOBIETBOPHUTEIHHO) 3a4TEHO
E 60-69 3 (YAOBJIETBOPUTEIILHO) 3a4TEHO
FX 35-59 2 (Hey/IOBJIETBOPUTEIILHO) HE 3aUTEHO

C BO3MO>KHOCTBIO TOBTOPHOM CAAYM
F 0-34 2 (HEeyIOBJICTBOPHUTEIHHO) HE 3a4TCHO
C BO3MOKHOCTBIO TOBTOPHOM CAa4YM MPH YCIOBUU
00s13aTeIpHOTO HAOOpa TOTIOTHUTEIBHBIX 0aJIOB

13. MaTepuajJIbHO-TeXHHYECKOE oDecneueHne y4eOHOro mpoiecca.
VYyeOHble 3aHATHS MPOBOAATCSA B yueOHOU mabopaTopun «Pusnka auanekTpukon» Ne013.
O6opynoBaHa KOMIUJIEKTOM ydeOHO# MeOenn Ha 18 mocaiouHbIX MECT, KOMITJIEKT pabodero Mecta
mpernojaBaTensi, MeloBass JOCK, .l ycTaHOBKa Al M3MEPEHHUs KPHCTAIMYECKUX CBOMCTB




Matepuainos, 1 3mepurenbublii komruieke P2-23A, 1 HoytOyk, 1 MynbTUMeaHiHbIN npoekTop, |
3KpaH NEPEHOCHOM.

14. PexomMeH/10BaHHAsI JJUTEepaTypa

Ne
n/n

HaumenoBanue

Koia-Bo
IK3EeMILISIPOB
B OMOJIMOTEKE

JouHY

Hanau4yue
3JIEKTPOHHOM
BEpPCHHU B
IBbC

Ocnoenasa numepamypa

NBanuubin  H.IL., Tepexos
Pasmepupie  5>QdexkThl B = HAHOKPUCTAILIMYECKHX
MatepHaiax [DnexTponHbIii pecypc]: yueOHO-
meroandeckoe mocodoue / H.IL.MBanuneH, C.B.Tepexos,
B.M.IOpuenko — JloHenxk HouHY, 2019. -
OnektpoHHble nanubie (1 daiin)

C.B., IOpuenko B.M.

Munocnasckuii  A.I'.  KoHcmekt nekunuii mo Kypcy
«OCHOBBI TIPOIIECCOB MHUKPO- U HAHOTEXHOJIOTHIl». —
Honenk: ouHY, 2018. — 246 c.

Tepexo C. B. ®wusuka HaHOOOBEKTOB: [ydueOHOE
nocobue] / C. B. Tepexos, B. H. Baproxun; 'OY BIIO
«lonHY» - loneuk: lonHY, 2013. — 418 c.

ﬂonwmumeﬂbuaﬂ Jaumepamypa

HanoTtexHonmoruu u cHenuaibHble MaTepualibl: yueo.
nocoOue Al CTYACHTOB BY30B, OOYyYarOmIUXCS TI0
HanpasieHuto noarotoBku 140140 - Texs. ¢uzuka / 1O.
I1. Conuues, E. U. Ilpsxun, C. A. Bonorkanuna, A. I1.
[Terkosa; mox pex. FO. I1. Connuesa. - Cankr-IlerepOypr:
Xumumzpaat, 2009. — 334, [1] c.

l'onoBun 1O. W. BBenenwe B HaHOTEXHUKY. — M.:
Mammnoctpoenue, 2007. — 493 c.

MeTtoauueckue ykasaHus K J1a0OpaToOpHBIM paboTaM Mo
crietikypcy «Teopust U METOABl CTPYKTYPHOTO aHalln3a
(mms crymenTtoB cmnenmansHocTH  6.040203)» / A.H.
Tpouan, C. B.Uepromnanos, I'.B. Tumodeesa. — JloHenxk:
HonHY, 2013. — 96 c.
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KoBmioB A. H. OcCHOBbI HAaHOTEXHOJOTMH B TEXHHKE:
yueb. mocobue A CTYJIEHTOB BY30B, OOyYarOUIUXCS IO
HaIpPaBJICHUSM MOJTOT. JTUTIIOMHAPOBAHHBIX
CIIELMAJIUCTOB "KOHCTpYKTOPCKO-TEXHOJIOTUYECKOE
o0ecrnieuyeHue MAIIIMHOCTPOUTENIBHBIX np-B";
"ABTOMaTH3UpPOBaHHbIE TexHOJOruu W mp-sa" / A. H.
Kosmos, 0. ®. Hazapos, . M. 6parumoB. — Mockaa:
Axagemus, 2009. — 239 c.

I'ycee A. W. Hanomarepuanbl, HaHOCTPYKTYpBHI,
Ha"oTexHosoruu / A. U. I'yceB. — Uzn. 2-e. — Mocksa:
®usmataut, 2009. — 414 c.

Urnarenxko II. W. Kuneruka oOpa3zoBaHumsi W pocTa
KPUTHYECKHUX 3apOJblllied B HAHOCTPYKTYPHBIX IUIEHKAX
6opunoB, autpuaoB u cunuiuaos / I1. Y. Urnarenko, H.

I1. MBanunein // ®usuka TtBeproro tena. — CaHKT-




Tletep6ypr, 2012. — T. 54, Ne 12. — C. 2378-2382.

10. | Tuxuit A. A. Y4eT CIOXKHOW CTPYKTYpPHl MOBEPXHOCTH
npu UHTEpIIpeTaluu pe3yJbTaTOB AILTUIICO-
METPUYECKUXU3MEPEHUM TOHKUX MPO3PAYHBIX IJICHOK Ha
npumepe okcuga Mumus (1) / A. A. Tuxwmii, 10. M.
Hukonaenko, M. 1O. banmexkun, B. H. Casoun, H. I 1
Wpannnein, M. B. Xuxaper // Bectnuk JloHeukoro
HallMOHAIBHOTO  yHUBepcutera [Tekcr]:  HaydHbIH
kypHan. Cepusi A. EcrtectBenHbie Hayku / JloOHEUKWi
Hall. yH-T; peakois. cepuu: C. B. becnanosa (ri. pen.) u
ap. — Jlonenk. — 2017, Ne 3. — C. 112-117.

15. HHdopManmnoHHBIE pecypchl (¢ yKazanuem HA36aHUsL U NOTHO20 IEKMPOHHO20 a0peca)
http://donnu.ru/ — caiit JloeHY.

http://library.donnu.ru/ — caiit 6udaunorexku JouHY.

http:/Aibrary.donnu-support ru/catalogy/scriptsinek2.exe/mb - Drextpornbiii kararior JonHY:

16. TIporpammHoe oGecnieyeHue (TIPU HATMYUH )

PabGouass mporpamma paccMOoTpeHa U TepeyTBepXkA€Ha Ha 3aceJaHuu Kadeapsl
TEOpeTUIeCKON (DM3MKU ¥ HAHOTEXHOJIOTUH ¢ m3MeHEeHHsIMH (0e3 u3menenuit) va 201 rop.
[Iporokoin Ne or“ 7 20 1.

3aB. kadenpoii

PaGowas mporpaMMa paccMOTpeHa H TIepeyTBEp)KIACHAa Ha 3acelJaHud  Kadeapsl
TEOpeTUYECKON (PM3UKU U HAHOTEXHOJIOTHH ¢ 3MeHeHusIMH (6e3 u3mMenenuit) Ha 201 rof.

13 2

IIporokoi Ne oT 20 1.

3aB. Kadeapoii



http://donnu.ru/
http://library.donnu.ru/
http://library.donnu-support.ru/catalog/scripts/wek2.exe/mb

