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I1.A. Mamapos

PABOYAS IIPOI‘PAMMA JUCHUIIJINHBI

HAYYHBIE OCHOBbBI U IPAKTUKA HAHECEHMUSI
HAHOCTPYKTYPUPOBAHHBIX IIVIEHOK

YKpynHeHHas rpynna HanpaBJIeHUH 28.00.00 HanoTeXHOMOTHH W HAHOMATEPHAIIBI
IOJIrOTOBKH

[Tporpamma BeicIero o6pa3oBaHus ITporpamma MarucTparypsl

Hanpasnenne noaroToBku 28.04.03 Hanomatepuaisi

Marucrepckas nporpamma Hanomarepuasbl ¥ HAHOTEXHOJIOTHH
KBamupuxamus Maructp

®opma 00yyeHus Ounas

Pa6oyas nmporpaMma aganTupoBaHa Jyist JIHI]
C OTpaHUYEHHBIMU BO3MOXKHOCTSMH 310POBbSI U HHBAIU/IOB

Jonenk 2024
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PaGoyas mporpamma JucHMIUIMHEI, «HayuHnbie OCHOBBI M NPAKTHKA HaHECEHHs
HAHOCTPYKTYPHPOBAHHBIX IUIEHOK» [UIs OOYYaloIMXCsA 110 HANpPaBJICHHIO IOATOTOBKH
28.04.03 Hanomarepuans! (Marucrepckas mporpamma: Hanomatepuansl H HaHOTEXHOJIOTHH),
cocrapjieHa Ha OcHOBaHMH DeNepalbHOT0 TOCYAapCTBEHHOrO 00pa3oBaTENBHOTO CTaHIapTa
BhICIIEr0 0Opa3oBaHMs — Marucrparypa IO HampaBleHHio moarotoku 28.04.03
Hanomartepuaisl, yTBep)KIEHHOT0 IpukazoM MunucTepeTBa 06pasoBanus H Hayku Poccuiickoi
®enepaunu ot 22 centsiops 2017 r. Ne 966 (¢ m3m. m jom.), Ilopsnka opraHusanuu H
OCYIIECTBJIEHH 00pa30BaTENILHOM JeSTeTbHOCTH 0 00pa30BaTeNbHLIM IPOrpaMMaM BBICIIETO
oOpasoBaHus — mporpamMMaM OakajaBpuaTa, IpOrpaMMmaM —CIIEIHAIMTETa, pPOrpaMmam
MarucTpaTypsl, YTBEpXKIEHHOTO NPHKa30M MHHHCTEpCTBA HAayKM M BBICHIEro 00pa3oBaHHs
Poccuiickoit ®eneparuu ot 06 ampens 2021 r. Ne 245 (¢ u3M. ¥ J0I.), B COOTBETCTBHH C
yueOHBIM MIaHOM, yTBEepXAeHHbIM Y4eHsM coBetoM PI'BOY BO «JlonI'Y» mns mabopa 2024
roja.

Pa3zpaboTunk:

npodeccop kadeapbl TEOPETHIECKOH
(HU3UKH ¥ HAHOTEXHOJIOTHH,

KaHjl. pu3.-Mar. HayK, npod. H.I1. UBauuupH
PaGoyas mnporpamma onoOpeHa Ha 3acelaHWM Kadeapbl TeopeTHdeckod (u3MKH u
HaHOTEXHOJIOTHUH.

[Iporokoin ot 26.03.2024 r. Ne 16

3aBeyromuii kapenpoi AT Ilerpenko
COI'JTACOBAHO:

JlexaH GpU3UKO-TeXHHYECKOro (haKynpreTa / / C.A. ®omeHko
28.03.2024 r. *

V4eOHO-MeToIuuecKass KOMHCCHS (DH3HKO-TEXHHYECKOTO (aKyIbT
IIporokon ot 27.03.2024 r. Ne 2 y
IIpencenarens / B. H. Korenko

PykoBouTE b OCHOBHO# MPO(dECCHOHATEHON
obpazoBaTenbHOM IPOrpaMMBEl,

I-p u3.-mar. HayK, npod. A.T. Ilerpenko
26.03.2024 r. )
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MECTO JUCLIMIIINHBI B CTPYKTYPE OBPA3OBATEJIBHOM ITPOTPAMMBI

TpeboBanus K npeaBapUTEIbLHON MOATOTOBKE 00yUYarOIIMXCsl, IPEALIECTBYIOIINE

¥ COITYTCTBYIOIINE TUCIUILIMHBI, HA KOTOPBIX OCHOBBIBACTCS N3YUYCHHE TAaHHOM:
TUCLUUIUIMHBL TIporpaMMmbl  OakanaBpuatra: OcHOBBI Kpuctamwiorpaguu, Jledextsr B
KpHucTajuiax, J{uppakoHHbIe METOIbI HCCIIEAOBAHNS BEIECTRA.

1.2.

JIMCUUIUIMHBL, KypcOBble paOOThl M MPAKTUKH, JJIsI KOTOPBIX OCBOCHHUE TAaHHON

JTUCIUTIIMHBI HEOOX0IMMO KaK IPeIIeCTBYIONIEE:

CoBpeMeHHbIE  METOJIbl  aHaliu3a

n

HCCIeI0OBaHUI U  CBOICTB

CTPYKTYpBI

HaHOMAaTCpHUaJIioB, Hpoueccm IIOJIYUCHHUA HaHOYAaCTUI[ U HaHOMAaTCpuajioB, HpOI/ISBO,I[CTBeHHaH

IpaKTHKa: HAy4HO-HCCIIe0BaTeIbcKas pabora.
2.

2.1.  OOmas xapakTepucTuKa

OIMMCAHUME JMCHUITJIMHBI

HaumeHoBaHue moka3aTens

3HaueHHE OKa3aTes

HasBanue oO6pazoBaTenbHON IpOrpaMMBbl

28.04.03 Hanomarepuansl (Marucrepckas
nporpamma: Hanomarepuans! u
HAHOTEXHOJIOTUN)

[[Indp u Ha3BaHHUE B COOTBETCTBUU C
y4€OHBIM TIJIAHOM

b1.5.M2.5. HayuHble OCHOBBI U PAKTHKA
HAHECEHMs] HAHOCTPYKTYPUPOBAHHBIX IIJIEHOK

Yacth 00pa3oBaTeNbHOM MPOrpaMMBbl

bazoBasg gactb

KoanyecTBO 3a4eTHBIX CAUHUIL / Bcero 4acos

4]144

2.2. Pacnpenenenue 4acoB 1o popmam u nepuoaam o0y4eHus
OO11ee KOIMYECTBO YaCOB
1) o | & CaMoCTOsI-
opma | o .
> | € | mekuu- | mabopa- | mpakTU- | TEIbHOU dopma
o0yueHus 2 2 BCEro

8 | OHHBIX | TOPHBIX | YECKHX | PabOTHI + KOHTPOJISI

KOHTPOJIb
Ounas 1 2 28 28 — 88 144 JK3aMEeH

3. HEJIN JUCHUTTJIMHBI

O3HaKOMUTH CTYACHTOB C OCHOBHBIMU aCIICKTaAMU COBPEMCHHBIX HpeI[CTaBJ'IeHI/Iﬁ 0
MEXaHU3ME (i)OpMI/IpOBaHI/ISI JAUCTICPIrUpOBAHHBIX HAHOPA3MEPHBIX W CIVIOHNIHBIX TOHKHUX IIJICHOK,

CBOWCTB
ACHEKTHI

O B3aUMOCBSI3U IIapaMeTpPOB H
PaccmatpuBarorcs  pusnueckue

IUIGHOK C YCJIOBUSAMH MX (OPMHPOBAHUS.
MEPCIEeKTUBHBIX ~ TEXHOJIOTUH  HaHECEHUS

TOHKOIIJICHOYHBIX HOKpLITI/II‘;I U HAHOCTPYKTYPHUPOBAHHBIX ITJICHOK.

4.

KOMIIETEHIIMM OBYYAIOIIIEI'OCA, ®POPMUPYEMLBIE B PE3VIIBTATE

OCBOEHM I KOMIIOHEHTA OBPA3OBATEJIBHOM [TPOI'PAMMBI, UX MHVKATOPBI
N INTAHUPYEMBIE PE3VIJIbTATBI ObYUEHU A

Komnerenmun WHnukaTopel Pesynbrarel 00yueHus
OIIK-2. Cniocoben | OIIK-2.1. OIIK-2.1.1. 3HaeT Kak IUIAHUPOBATh pPadOTy
yIpaBIATh [Tnanupyer paboty MaJIOT0 MPEINpUATHS MCXOAS W3 BBITyCKa
poECCHOHATFHON | MaJIOTO MPEANPUSITHS, | MPOLYKITUH.
Y MHOU cnennanusupyromerocs | OIIK-2.1.2. Ymeer opranuzoBatb  paboTy
JIeSITETIbHOCTBIO HA | HA MPOU3BOJCTBE MQJIOr0  NPEeNnpUATUs  JUlsl  NIPOM3BOJACTBA
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OCHOBE BBICOKOTEXHOJIOTHYHOM | BBICOKOTEXHOJIOTUYHOU MPOAYKLIHUH.

IIPUMEHEHUS IIPOYKLIUH OIIK-2.1.3. Bnaneer HaBbIKaMH NPUHATUS

3HAHUU pemieHuit s odecnedyeHus: paboThl MAJIOTo

IIPOEKTHOTO U IPEIIPUATHSL, CIIEHUAIN3UPYIOIIErocs Ha

(dbuHaHCOBOTO IIPOU3BOJICTBE BHICOKOTEXHOJIOTUYHOU

MEHEIKMEHTA IIPOJYKIIUH.

OIIK-6. OIIK-6.1. OIIK-6.1.1. 3HaeT Mo KaKuM KpUTEPHUIM

Crniocoben OnenuBaer 0 | OIICHUTH 0€30MaCHOCTh MCIIONIb3YeMOM

JEMOHCTPUPOBATh | KPUTEPUSM TEXHOJIOTUU | TEXHOJIOTHH.

COIMAIbHYIO CHUHTE3a OIIK-6.1.2. VYmeer oleHUBATh TEXHOJOTHUIO

OTBETCTBEHHOCTh HAaHOMAaTepHaJloB C | CHHT€3a MaTepuajoB C TOYKH  3pEHUS

3a IpUHUMAaEeMble TOYKH 3peHus | 6e30MacHOCTH.

peuieHus, 0€e301acHOCTH mia | OIIK-6.1.3. Biageetr HaBBIKaMU OLICHKHA

YUUTHIBATH COTPYJIHUKOB U | TEXHOJIOIMH CUHTE3a HAHOMAaTEpHUAJIOB C TOUKH

MIPABOBBIE U OKPYKAroIIen CpeIbl. 3peHust 6e30MacHOCTH Ui COTPYIHUKOB U

KYJIbTYpHBIE OKPY’KaIOIEeH Cpelpl.

ACTIEKTHI,

o0OecnieunBaTh

YCTONYUBOE

pa3BuTHE TIPH

BEJICHUU

npodecCHOHAIbHON

Y UHOH

JIESITEIbBHOCTH

o. I[TPOT'PAMMA JJUCHUTTIJIMHBI
Hazpanue temsl Kpatkoe copeprkanue TeMbl (BOIIPOCH! TEMBbI)

Pasnen 1. HayuHble OCHOBBI M IpaKkTHKa

HAHECEHMUSI HaHOCTPYKTYPUPOBAHHBIX

IJIEHOK

HanoctpyxTypsl OcHoBHbBIE TEpMUHBI U onpezeneHus. Beenenue B
(bU3UKY HAHOCTPYKTYPUPOBAHHBIX MaTEPHAIIOB.
OU3UKO-XUMUYECKUE 0COOEHHOCTH
HAHOCTPYKTYPHPOBAHHBIX MaTEPUAIIOB.
N3MeHeHue CBOMCTB MAaTepHaJIOB MPU NEPEXOIE K
HAHOMETPOBBIM  pa3MepaMm.  Kriaccudukarus
METOJI0B CO3/1aHUA HaHOMaTepHaIoB u
HAHOCHCTEM.

Meronel  cuHTe3a  HaHowactul W | dusnueckoe aucneprupoBanue. Konaencanus us

KOMIIAaKTHPOBAHUS HAHOMATEPHAIIOB KHUJIKOM M ra3oBod a3pl. TexHomorndyeckue
MIPOLIECCHI MONTYYEHHs] HAHOJIUCIEPCHBIX CHUCTEM.
®opMHUpPOBaHUE CTPYKTYP Ha OCHOBE KOJIJIOUHBIX
pacTtBopoB. 30Jb-Tenb TexHonorus. [lopomkossie
TEXHOJIOTUM  KOMIAKTUPOBAaHUS  MaTepHUaIOB.
VabpTpasBykoBoe kommakTupoBaHue. Kepamuka,
CUTAJLIIBIL.

MeTtob MOJIy4YEHUS YTIEPOAHBIX | YTepoaHble HAHOTPYOKU. MeToapl MoirydeHus

HaHOMAaTEPHAJIOB rpadena. DopmMupoBaHHE HAHOKOMIIO3UTOB C
VIJIEpOAHBIMH ~ HAaHOTPYOKaMH B KauecTBe
HanonHutensa.  Kapbun, rpadan,  rpadur.
dynnepensl, GyIIepuTsl, QYICPOUIHL.
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DNEKTPOXUMHYECKHE METOIbl CHHTE3a
HaHOMAaTepHaJloB

Coznanne OUDIIEKTPUYECKUX MAaTpHIL C
YIOPSAI0YEHHOU CTPYKTYPOM. OOBeKTHI
UCCIICOBAHMsI — CTPYKTYPbl Ha OCHOBE OKCHJA
QIIOMHUHMS, oOKcuaa  KpemHusa.  [lomyuenue
YIOPSA0YECHHBIX MacCUBOB HAHOIIPOBOJIOK
IOCPEACTBOM 3aI0JHEHUs IIOPUCTBIX
JUDJIEKTPUYECKUX MaTpHLL pa3IMYHBIMH
METaJLJIaMHU.

Metonb! SMUTAKCUAIBHOTO pora
HAaHOCTPYKTYp

OO6mme cBenenuss 00 snurakcuu. Kpucramio-
TreOMETPUYECKUH, KPUCTAJUIO-XUMUYECKUH,
TEPMOJMHAMHYECKUA TOIXOAbl B  Ipobiieme
OpUEHTUPOBAHHOM KpUCTAJLTU3AIINY.
TBepnodasznas, XKuakodaszHasi, ra3zodazHas
SNUTaKcus. BrnusHue napamMeTrpoB mpouecca
SIUTAKCUM HAa  CKOPOCTh  pOCTa  IUICHOK.
MonexynsapHo-iydeBasi anuTakcus. CBEpXTOHKHE
IUICHKH METAJUIOB U TUAJIEKTPUKOB. Ammaparypa,
NpUMEHsieMass  JUII  W3YYCHUS  CTPYKTYPHI
AIUTAKCUAIBHBIX TUICHOK. | 'eTeposnuTaKkcusi.

Camoopranuzanus u caMmocOopka
HAHOCTPYKTYD

Camoopranusanus Mpu SMUTAKCHAIBHOM POCTE.
I'erepocTpyKTypsl Ha OCHOBE HAaHOCTPYKTYP.
Mertannuueckue u HOJIYTIPOBOTHUKOBBIE
HaHoIUIeHKU. CHHTE3 IByXMEPHBIX U TPEXMEPHBIX
YIOPSAOYEHHBIX ~ MAacCHBOB  HAaHOKPHCTAJUIOB
METAJIJIOB, CIUIaBOB, IIOJIYTIPOBOJHUKOB.
®opMHUpOBaHUE YHOPSAJOUYEHHBIX IOJIUMEPHBIX

CTPYKTYP.

Jlutorpaduueckue METO/IbI
dbopMUPOBaHUS HAHOCTPYKTYP

CymHocTh MIPOLIECCOB auTorpaduu.
doTonuTorpadus. DoTope3ucTsl 51
XHAM.IPOLECCHI MPOTEKAIOIINE B HHX.
®doTomabiioHsl U UX CBOWCTBA. PeHTreHoBcKast U
AJIEKTPOHHAS autorpagus. Nonnas 51
AIIEKTPOHHO-Ty4eBas TUTOrpadus.

dopMHpOBaHHE HaHOCTPYKTYp
30HI0BBIMU METOJIaMHU

@u3nyecKre OCHOBBI 30HI0BBIX TEXHOJIOTUH.
Ckanupyromuii TyHHeIbHBIH Mukpockon (CTM).
MexanekTpoaHbIii  MacconepeHoc. JIokaibHOe
aHOIHOE OKHUCIICHUE. JlazepHoe
HaHOMaHUITYJIMpOBaHHUE. MeToibl CKaHMPYHOLIEH
30H10BoM uTorpaduu. HaHOGMOTEXHOIOTHH.

6. CTPYKTVYPA U COAEPXXAHUE JUCIHUIIJIMHBI

6.1. ®dopma oOyueHus — ouHas, Kypc — 1, cemectp — 2

HaumenoBanus pasziennoB u TeMm

KoanuecTBo yacoB

Jlexu. | JlaGop. | Ilpakr. | CPC+K | Bcero

Pasnen 1. HayuHble OCHOBBI M TpaKkTHKa 28 28 88
HaHECEHNS] HAHOCTPYKTYPHUPOBAHHBIX TUICHOK

HaHnocTpykTypsl 2 2 11 15
MeTtoabl CHHTE3a HAHOYACTHI] it 2 2 11 15

KOMITAKTUPOBAHWA HAHOMATCPHUAJIOB




MeTtoapl MOJTYYCHUS YTIEPOTHBIX 4 4 11 19

HAHOMATEPHAJIOB

DIIEKTPOXUMHUYECKHE METObI CUHTE3a 4 4 11 19

HAHOMATEPHAJIOB

Mertoabl SIUATAKCHAIILHOT'O pora 4 4 11 19

HAHOCTPYKTYP

Camoopranuzanus u camocOopka 4 4 11 19

HAHOCTPYKTYD

Jlutorpaduueckue MeToAbl (POPMUPOBAHUS 4 4 11 19

HAHOCTPYKTYP

DopMHUpPOBaHHE HAHOCTPYKTYpP 30HIIOBBIMHU 4 4 11 19

METOJJaMH

NTOI'O ITO KOMITOHEHTY OIIOII 28 28 16 88 144
7. OLIEHOYHBIE MATEPUAJIBI (CPEACTBA) JIJISI TEKYIIEI'O KOHTPOJIA

YCIEBAEMOCTH, IIPOMEXYTOYHON ATTECTALIMU

7.1.  KoHTpoJbHbIE BOIIPOCHI

Pazgen 1

. OCHOBHBIE TEPMUHBI U ONPEIEIICHUS.

. BBezieHne B pU3UKy HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAIOB.

. @U3UKO-XUMHUYECKUE OCOOEHHOCTH HAaHOCTPYKTYPHUPOBAHHBIX MaTEpUAIOB.

. I3MeHeHne CBOMCTB MaTEepUAJIOB IIPHU IIEPEX0€ K HAHOMETPOBBIM pa3Mepam.

. Kimaccuduxarnmst MeToz0B co3/1aHIsI HAHOMATEPUAIOB M HAHOCHUCTEM.

. Puznyeckoe JUCIIEPrUpOBaHUE.

. Kongencanus u3 )UKol 1 Ta30BoH (a3kbl.

. TexHONOrNuecKne NpoLECCH NOJYyUYEHUSI HAHOJUCIIEPCHBIX CUCTEM.

9. ®opmMupoBaHUE CTPYKTYp Ha OCHOBE KOJUIOUIAHBIX PACTBOPOB .

10. 305b-Trenb TEXHONOTHSL.

11. IlopomIkoBbI€ TEXHOJIOTUH KOMITAKTUPOBAHUS MAaTEPHUAIIOB.

12. YnpTpa3BykoBO€ KOMIIAKTHPOBAHHUE.

13. Kepamuka, CUTAIIIBI.

14. YrnepoaHbsle HAHOTPYOKH.

15. Meroap! mostydeHus rpadena.

16. ®opmupoBaHHe HAHOKOMIIO3UTOB C YIJIEPOJAHBIMH HAHOTPYOKaMU B KauecTBe
HAIOJHUTEJIS.

17. KapOuH, rpadan, rpadur.

18. ®ynnepensl, GynepuThl, QyLIEPOUIHI.

19. Co3nanne TU3IIEKTPUUECKUX MATPHULL C YIOPSAJOUYEHHOW CTPYKTYpPOH.

20. OOBbeKTbl HCCIENOBaHUS — CTPYKTYphl Ha OCHOBE OKCHJA AJIIOMHHHS, OKCHA
KPEMHHUS.

21. IlonyyeHue ymnopsAIOYEHHBIX MACCUBOB HAHOMPOBOJOK IMOCPEACTBOM 3aMOJHEHUS
MIOPUCTBIX AUIIEKTPUUECKUX MATPUL] PA3IUYHBIMU METaNIaMU.

22. O6une cBegeHnst 00 JIIUTAKCHUH.

23.  Kpucranno-reoMeTpuuecKkui, KpUCTAIJIO-XUMUYECKUM, TEPMOJUHAMUYECKUIM
MO/IXO0/IbI B Mpo0JIeMe OPUEHTHPOBAHHOMN KPUCTATU3AIINH.

24. Teepnodasnas, xxuakodasHas, ra3opazHasi SMUTAKCHSL.

25. BinsiHne napaMeTpoB Ipolecca SIMUTAKCUU Ha CKOPOCTh POCTA IIJIEHOK.

26. MonexkynspHO-1y4eBasi SIIUTAKCHSL.

27. CBepXTOHKHE TUIEHKH METAJJIOB U IUAJIEKTPUKOB.

28. Anmapatypa, npuMeHsemMas s U3y4EHUsl CTPYKTYphl SIIUTAaKCUAIbHBIX IJICHOK.

29. I'ereposniutakcus.

01N LN kW
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30. CaMmoopranu3aius pu SMUTAKCUATBHOM POCTE.

31. 'eTepoCTpyKTYphl HA OCHOBE HAHOCTPYKTYP.

32. MeTajyinyeckue U MoixylnpoBOJIHUKOBBIE HAHOIIJICHKH.

33. CuHTe3 ABYXMEPHBIX M TPEXMEPHBIX YIOPSIOUYECHHBIX MAaCCHBOB HAaHOKPHCTAIOB
METAJIJIOB, CILIABOB, MOJIYIPOBOIHUKOB.

34. ®opmupoBaHU€e YIOPSAOYEHHBIX TOJIMMEPHBIX CTPYKTYD.

35. CymHocTth nporieccoB sutorpadguu. doronurorpadus.

36. ®OTOPE3UCTHI ¥ XUM.ITPOLIECCHI MTPOTEKAOIINE B HUX. POTOMIA0IOHBI M X CBOMCTBA.
37. PeHTreHOBCKasl M 3JICKTPOHHAS JIUTOrpadusl.

38. VoHHas 1 37€KTPOHHO-Ty4eBast TUTOrpadus.

39. ®uznueckue OCHOBBI 30HAOBBIX TEXHOJIOTUH.

40. Cxanupyronuit TyHHenbHbINH Mukpockorn (CTM).

41. MexaIeKTpOAHBIN MacCOIEepeHocC.

42. JlokaabHOE aHOJIHOE OKHCIIEHHE.

43. JIazepHOoe HAaHOMAHUITYJIUPOBAHHE.

44. Metoapl CKaHUPYIOLIEH 30H10BOM JuTOrpaduu.

45. HaHOOMOTEXHOIOTHH.

2.  Tewmnl noknanos (pedepaTon)
['eTeporeHHble CUCTEMBI M UX KiaccH(UKaus.
DU3NKO-XMMUYECKHE 0COOEHHOCTH HAaHOCTPYKTYPHUPOBAHHBIX MaT€pHUAaJIOB.
IIpoueccsl caMOOpraHU3ayy IreTePONUTAKCUATIBHBIX CTPYKTYD.
MonexynsapHoO-Iy4yeBas SIUTAKCHUS.
MeTto/1bl IOTy4€HNUS HAHOTOYPUPOBAHHBIX CTPYKTYD.
ATOMHO-CJIOEBAs AMUTAKCHSL.
PentrenoBckas nurorpadus . [IpenmyinecTBa u HeTOCTATKH.
du3nuecKrue OCHOBBI AIEKTPOHHO-TY4Y€BOI U HOHHO-TY4eBOM JTUTOrpaduu.
®u3nyecKkue 1 XUMUYECKUE METO/IbI CUHTE3a HAHOYACTHII.

. ITopomKoBbIE METO/IBI M TEXHOJIOTUH TIOJTYyYEHUS] HAHOMATEPUAJIOB.

. 3071b-TeJIb TEXHOJIOTHUSI.

. Pu3nyecKue OCHOBBI 30HIOBBIX TEXHOJIOTUH.

. IlepciekTHBBI pa3BUTHS HAHOTEXHOJIOTUH.

. IlepcriekTHBBI pa3BUTHS HAHOTEXHOJIOTHH.

. Kepamuka.

. 30/1b-T€JIb TEXHOJIOTHUSI.

. IlopomKoBbIE TEXHOJIOTUN KOMIIAKTUPOBAHUS MAaTEPHAIIOB.

. YIbTpa3ByKOBOE KOMIIAKTUPOBAHUE.

. Kepamuka.

. Curamiel.

. ®otonuTtorpadus.

. DOTOPE3UCTHI

. CkaHnpyIOMMiI TYHHEIbHBI MUKPOCKOII.

. Kpucramnorpagus.

. 'ereposnurakcus.

NNOMNONNNNNRPRPRRRRRRPRPROONO0DWNERE N
OEREWNRPOOONODUIRAWNRELR O © 7 7 7T

7.3.  Tewmsl mabopaTopHBIX paboT
MeToap! co3/jaHs HAHOMATEPHAJIOB U HAHOCHCTEM.
TexHoIOrnYeCcKue MPOLECChI MOITyYeHHsI HAHOUCTIEPCHBIX CHCTEM.

q)OpMI/IpOBaHI/IC HaHOKOMIIO3UTOB C  YIUICPOAHBIMU HaH0pr6KaMI/I B Ka4€CTBC
HaITOJTHUTCIIA.

BHGKTPOXI/IMI/IIIGCKI/IC METOABI CHHTE3a HAHOMATCPUAJIOB.



— DOnurtakcus. MeToibl SMUTaKCHAIBHOTO pOTa HAHOCTPYKTYP.
— Camoopranusanus 1 caMocOopka HAaHOCTPYKTYP.

— Jlutorpaduyeckue METOIbI.

— 30HI0BBIC METO/IBI.

KonTposnbHast paboTa 10 HpPOBEpKE TEOPETUUYECKUX 3HAHMM — IO BCEM TEMaM, C
UCIOJIb30BAHUEM YKa3aHHBIX BbIIIE KOHTPOJIBHBIX BOIIPOCOB.

7.4. OOpazen coaepkaHus SK3aMEHAITMOHHOTO OujieTa
JloHenkuii rocy1apCTBEHHbI YHUBEPCUTET
Du3HNKO-TeXHUUECKUI (PaKynbTeT

Kadenpa teopernueckoii PU3UKH 1 HAHOTEXHOJIOTHI

[Tporpamma Beicuiero oopa3zoBanusi  [IporpamMma maructparypsl

Hamnpasnenue noaroToBku 28.04.03 Hanomarepuasisl

Marucrepckas nporpamMmma HanomaTepuanbsl 1 HAHOTEXHOJIOTUH

®opma 00yueHus Ounas

Cemectp Bropoit

Jucuunnuna Hayunbie  OCHOBBI M MpakTHKa
HAaHECCHUS HAHOCTPYKTYPUPOBAHHBIX
MIJICHOK

Dk3aMeHanoHHEINA Ouier Ne 1

1. PentreHosckas aurorpadus. [IpeuMyiectBa U HEJOCTATKH
2. 30Jb-Te€Jb TEXHOJIOTHS.
3. @usnyecKrue U XUMUYECKHUE METOIBI CHHTE3A HAHOYACTHII.

YTBepkJeHO Ha 3aceaHuu Kadeapsl TEOPETHUECKON (PU3UKK M HAHOTEXHOJIOTHH, mpoToKoN No
oT 202 rT.

3aBeayromuit kadenpoit

OK3aMeHaTop

B ClIy4ac BCIACHUS yqe6Hor0 mnmponecca € UCIIOJIb30BAHHUEM 3JICKTPOHHOTO O6y‘IeHI/I}I n
JUCTaAaHIIMOHHBIX O6p330BaTeJ'II)HBIX TCXHOJ’IOFI/II\/'I, COZCPIKAaHUC Oujera MOXKET OTJIWYATLCS OT
MMPUBCACHHOTO.

8. PACIIPEJEJIEHUE BAJIJIOB, KOTOPBIE ITOJIYUAIOT OBYYAIOIINUECA

OOmiast olleHKa 3HaHUKM O0y4arOMMXCS MO JUCUUIUIMHE MpoBoauTcs 1o 100-OammpHON
HIKaJe HUCXOJs W3 MaKCUMyMa, MPHUBEACHHOro B Tabiuie Huxke. OpraHu3aloHHO-y4deOHas
paboTa B ayIMTOPHH OLIEHUBACTCA Ha OCHOBE TAKUX KPUTEPHEB KaK IMOCEIIAEMOCTb 3aHATH,
CBOEBPEMEHHOE M KaueCTBEHHOE BBINIOJHEHUE JOMAIlHUX 33JaHUi, aKTUBHOCTh BO BpeMs
NPOBEICHUS JIEKIIMOHHBIX M MPAKTUYECKUX 3aHATHH (ydyacTHe B OOCYKICHHH TEKYILEro M
IPOIIEHHOr0 MaTepuaia, peleHne 3a1a4 U T.11.).

8.1. Cemectp 2



Howmepa paznenos Buner pabot Maxcumanbroe
KOJINYECTBO 0aJIIIOB
Opraan3aniioHHO-y4eOHas paboTa B Ay IMTOPUH 15
CamocrosTenpHas paboTta 5
1 JlaGopaTopHbie pabOThI 20
KonTponbHas paboTa 1Mo TeopeTHIeCKOMY 20
MaTepuainy
NTOI'O 60
DK3aMeH 40
OOmuit uTor 3a CeMecTp 100

CooTBeTCTBHE 0AJIJIOB OLICHKE

K OMeCTEO GaLIOR O1eHKa 110 IITHOAIUILHOM IIKaJIe
s 100 ECTS | Dxk3amen, auddepeHInpoBaHHBIN 3auer
3a4eT

90-100 A OTJINYHO 3a4TEHO
80-89 B XOpOIIO 3a4TEHO
75-79 C 3a4TEHO
70-74 D YIIOBJICTBOPUTEIILHO 3aUTCHO
60-69 E 3a4TEHO
35-59 FX HE 3a4TEHO
0-34 = HEYJIOBJIETBOPUTEIHHO 1o 3a9TeI0

9. OBECIIEYUEHUME OBPA3OBATEJIBHOI'O ITPOLIECCA JIA JINL C
OI'PAHMYEHHBLIMU BO3MOXHOCTAMU 310POBbBA 1 MTHBAJIMJIOB

B xoze peanu3zanuu QUCIUILTHHBI UCTIOIB3YIOTCS CICTYIOIINE TOTIOTHUTEIHLHBIC METOIBI
00y4YeHus1, TEKYIIEro KOHTPOJsSl YCIIEBAEMOCTH M MPOMEKYTOUHON aTTeCTalli 00YyJaromuXxcs B
3aBUCHMOCTH OT UX UHIUBUIYAJbHBIX OCOOCHHOCTEH:

1) JUTSL CIIENBIX U CIIA00BUISIINX

- JeKnuu  OoQOPMIISIOTCS B BHJIE DSJEKTPOHHOTO JOKYMEHTa, JTOCTYITHOTO C
MOMOIIBI0 KOMIIBIOTEPA CO CIEUATU3UPOBAHHBIM MTPOTPAMMHBIM 00€CTICeYeHUEM;

- JUIS  BBITIOJHEHWS  3aJlaHusl  TpU  HEOOXOJMMOCTH  IPEIOCTABIISCTCS
YBEJIMYHUBAIOIIEE YCTPOUCTBO; BOZMOYKHO TaK)KE€ UCTIOJIb30BaHUE COOCTBEHHBIX YBETUYHBAIOIINX
YCTPOMCTB;

- MMCbMEHHBIE 33aJJaHusl OPOPMIISIOTCS YBEIUYEHHBIM HMIPUGTOM.

2) IUTSL TIIYXHUX M CI1a00CIBIIIAIINX

— JeKIUU 0POPMIISIOTCS B BHJIE JIEKTPOHHOTO JIOKYMEHTA,

- MMACbMEHHBIC 33JITaHUS BBITOHIIOTCS Ha KOMITBIOTEPE B MUCEMEHHOU (hopme;

— 9K3aMEH TIPOBOJUTCS B THCHbMEHHOHW (opmMe Ha KOMIBIOTEPE; BO3MOXKHO
poBeJIcHUE B OpMe TeCTUPOBAHUS.

3) JUISL JIUI] C HApYIICHUSIMHA OTIOPHO-JIBUTATEIILHOTO arlapara:

- JeKIUU  O(QOPMIISIOTCS B BHJIE OJCKTPOHHOTO JOKYMEHTA, JOCTYITHOTO C
MOMOIIHI0 KOMIIBIOTEPA CO CIEIUATU3UPOBAHHBIM MTPOTPAMMHBIM 00€CIICUEHUEM;

- MMACbMEHHBIC 33JITaHUS BBITOTHIIOTCS Ha KOMITBIOTEPE;

— 9K3aMeH U 3a4€T MPOBOAATCS B YCTHOW (popMe WM BBHIMOTHSIIOTCS B MTUCBMEHHOU
dbopme Ha KOMIIBIOTEpE.

[Ipn HeoOXOIMMOCTH TPEeIyCMATPUBAETCS YBEIMYEHHWE BPEMEHU I TOJATOTOBKU
OTBETA.
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[lpouexypa mpoBeAeHHS  NPOMEXKYTOUHOH  aTTECTAllMM  JUIA  OOyYaromuxcs
YCTAQHABJIMBACTCS C Y4Y€TOM WX HMHIMBUAYAJIBHBIX TCUXO(U3UYECKHX OCOOEHHOCTEH.
[TpomexyTouHast aTTECTALUsI MOKET IPOBOAMUTHCS B HECKOJIBKO ITAIIOB.

[IpoBenenue mpoueAypbl OIEHMBAHUS PE3YJIbTAaTOB OOYYCHHsS JIOMYyCKAETCS C
UCTIOJIb30BAaHUEM JIMCTAHIIMOHHBIX 00Pa30BaTEIbHBIX TEXHOJIOTHH.

ObecneunBaercs A0CTyN K WHPOPMAMOHHBIM U OMOIMOrpadMuecKuM pecypcam B CETH
Wurtepner s kaxaoro oOywaromerocs B (opMmax, aJalTUPOBAHHBIX K OrPaHUYEHUSM HX
3JI0pOBbBsI U BOCTIPHATHS HHPOPMALIU:

1) IUTSL CHIEMBIX U CIIA00BUIALINX

— B IICUYATHON ()OpME yBETUUYEHHBIM HMIPUPTOM;

— B (hOpMe JIEKTPOHHOTO JOKYMEHTA;

2) IUISL TIIYXHUX M CIa00CTBIIIAIINX

— B IeUaTHOM dopme;

— B (hopMe IIEKTPOHHOTO JJOKYMEHTA.

3) 111 0OYYArOIIUXCS ¢ HAPYIICHUSIMUA ONOPHO-BUTaTEIbHOTO armapara:

— B [IEYaTHOH (opme;

— B (hOpMe JIEKTPOHHOTO JOKYMEHTA.

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEHEHHME YUEBHOI'O ITPOLIECCA

VY4eOHble 3aHsATUS mpoBoAsTcss B 4 yueOHOoM Kopryce Jonl'Y (r. [Joneux, mp.
Tearpanbubiii, 13). Jlns mnpoBeraeHus 1a0OpPaTOpPHBIX 3aHATHA TpeOyeTcs ayauTopus,
0o0opy/sOBaHHAas MEJIOBOM WJIM MapKEpHOM JIOCKOM, MYJIbTUMEIUIHBIA IMPOEKTOpP U DKpaH,
HOYTOYK, KOMIUIEKT y4eOHOI mMebenu JUisl CTYACHTOB, paboyee MECTO IperoiaBaTelis, BbIX0/ B
WHTepHeT — MPOBOAHOM WK ¢ Ucoib3oBaHreM Wi-Fi.

JUis caMOCTOSITEIbHOM pabOThl HUCHOJB3YIOTCS TEKCTOBBIE M 3JIEKTPOHHBIE PECypChl
Hayunoii OMOnMOTEKM YHUBEpPCUTETa M JAPYTUX AIIEKTPOHHBIX OMONMOTEYHBIX 0a3 JAHHBIX,
y4eOHO-METOIMUecKoe oOecleyeHne, NpeACTaBICHHOE B Yy4eOHO-METOIUYECKOM KaOuHeTe
KageIpbl TCOPETUUECKON (PU3UKK U HAHOTEXHOJIOTH (ay1.256).

OOyuaronyecss HMEIOT BO3MOXHOCTb  HCIIOJIB30BaTh y4yeOHBbIE MaTepualbl 110
JTUCLUILIMHE, pa3MelieHHble Ha tiatdopme Moodle IlenTpa aucTaHioHHOTO 0O0pa3oBaHUs
OI'bOY BO «/loul'Y». IIpn u3ydeHUn QUCHUIUIMHBI PUMEHSIOTCS 3JIEKTPOHHOE O0y4YeHHe U
JUCTaHIIMOHHBIE 00pa30BaTeNIbHbIE TEXHOJIOTHH.

C  ucnonp30BaHMEM — pecypcoB  IUIAT(GOPMBI  JTUCTAHLMOHHOTO  OOpa3oBaHMS
OCYIIECTBIISIETCS TEKYIIMH KOHTPOJb 3HAHUH OO0y4arolmIMXcsd Ha OCHOBE TECTUPOBAaHUSA U
IPOBEPKU PE3YIbTATOB CAMOCTOSATEIBHOM pabOoThI.

11. PEKOMEHAYEMAA JINTEPATYPA

11.1. OcHoBHas nmuTEpaTypa

1. UsanunwiH, H. II. Pa3mepnbie 3(dexTsl B HAHOKPUCTAIMYECKUX MaTepuanax
[DneKTpOHHBIN pecypc] : A CTYIEeHTOB, aCIUPAHTOB, CIIEHUATU3UPYIOIINXCS 10 HAIPaBIECHUIO
noarotoBku 030402 «pusuka» U CrEUATUCTOB B 00JacTH (PU3MKH KOHJCHCHPOBAHHBIX CpE,
TeopeTnueckor (pusuku U HanotexHonorui. / H. I1. UBanuusin, C. B. Tepexos, B. M. IOpuenko
; I'OY BIIO "JloHeukuil  HalMOHaNbHBIM  yHUBepcuTeT', DU3UKO-TEXHUYECKUU
dakynbrer,Kadenpa teopernueckoit ¢puszuku u HaHotexHosnorui. - Jounenk : JlonHY, 2019. -
DneKTpOHHBIE TeKCTOBbIe naHHbIe (1 daiin).

2.Tepexor C. B. ®usnka HaHOOOBEKTOB: [yueOHOe mocobue] / C. B. Tepexos, B. H.
Baproxun; I'OY BIIO «lonHY» - Jonenxk: JJonHY, 2013. — 418 c.

3. Ilyn, Y. II. HanorexHonoruu : y4e0. mocoOwe JIs CTYACHTOB, OOYJArOIIUXCS IT0
Hanpasnenuto noarot. "Hanorexnonoruu" / Y. Ilyn, ®. OyaHc ; nep. ¢ anri. nox pen. 0. U.
['onoBuHa. - 3-¢ u3xa. - M. : Texnocdepa, 2007. - 375 c.
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4. T'yce A. 1. Hanomatepuasibl, HaHOCTPYKTYpbl, HaHOTexHONorHU / A. U. T'yceB. —
H3n. 2-e. — Mocksa: ®uzmaraut, 2009. — 414 c.

11.2. JlomonaHUTENBHAS JIUTEPATYpPA

1. MunocnaBckuii, A. I'. KoncriekT sekiuii mo kypcy "OCHOBBI MPOIIECCOB MHKPO- H
HaHorexHojoruit" / A. T. Mwnocnackuii ; ['OY BIIO "JloHeukuii HaMOHATBHBIN
ynupepcutet". - Jloneuk : JJonHY, 2018. - 246 ¢

2. TlonmydyeHue W wuCCIEeIOBAaHUE HAHOCTPYKTYpP : JaOOPAaTOPHBIA NPAKTHKYM TIO
HaHoTexHojorusMm / [A. A. EBgokumoB u ap.] ; mox pea. A. C. Curopa. - Mocksa : BUHOM.
JIa0. 3uanuii, 2010. - 146 c.

3. HaHOTeXHOJIOTHH U CcrelMaIbHble MaTepualsl : yued. mocodue it CTyJEHTOB BY30B,
oOydaromuxcs mo HanpasiueHuto noarotoBku 140140 - Texn. ¢usuka / 0. I1. Connues, E. U.
[Tpsxun, C. A. Bonmorkanuna, A. I1. Ilerkoa ; mox pexn. FO. I1. Connnera. - Cankt-IleTepOypr :
Xumuzaat, 2009. - 334, [1] c.

12. NHOOPMAINMOHHBIE PECYPCBI

1. HauuonanbHast 3JIEKTPOHHAas OndMoTexa (H3Bb): dbenepanbHas
rocyiapctBeHHas uHdpopMmaimonHas cucrema / MunucrepctBo Kynbryper P®; Poccuiickas
rocynapcTBeHHas oubnmoreka. — MockBa, 2019- . — URL: https://rusneb.ru/ (mata oOpamieHus:
01.09.2023). — PexumM jmocryma: cBoOOIHbIH, moanucka. HeoOxoauma ycTaHOBKA IMTPOrPaMMHOTO
obecrieyeHus. — TEKCT: JIEKTPOHHBIN.

2. eLIBRARY.RU: nayunas snekrponHas 6ubamoreka: caiiT. — Mocksa, 2000- . —
URL: https://elibrary.ru (mara oo6pamenus: 01.09.2023). — Pexum goctymna: i aBTOPU30B.
IIOJIB30BaTENe. —TEeKCT: JIEKTPOHHBIMN.

3. Hayunas snextponnas Oubnuoreka «KuOepJlenmukay»: caiit / Accoruanus
«OtkpeiTast Hayka». — MockBa, 2014- . — URL: https://cyberleninka.ru/. — Pexum mocryma:
cBOOOHBIN. — TeKCT: NEeKTPOHHBIH.

4, DNeKTpOHHO-OUOIMOTEeUHAS cucreMa «Jlanby»: [caiT]. — URL:

https://e.lanbook.com (mata oOpamenus: 01.09.2023). — Pexxum jgoctyma: JUisi aBTOPU30B.
IOJIb30BaTese. — TEeKCT: 2JIEKTPOHHBIMN.

S. IBC IOpaiit: snexkTpoHHas 6ubnuoTeyHas cucrema: caidT. — Mocksa, 2013. —
URL.: https://biblio-online.ru (mata oopamenwus: 01.09.2023). — Pexxum moctyma: it aBTOPU30B.
nosb30BaTenen. — TeKeT: JIEKTPOHHBIM.

6. y1eKTPOHHO-0ubnoTeuHas cucrema Jlonl'Y: caiit / ®I'BOY BO «lonl'V». —
Honenk, 2016- . — URL: http://library.donnu.ru/ (mara obpamenus: 01.09.2023). — Pexum
Joctyna: cBOOOIHBIN. — TeKCT: ANeKTPOHHBIM.

7. JJekTpoHHbI kKatajsor Hayunoit 6uGmuoreku [lonl'Y: pasnen caiira / Hb
Houl'Y. — Tekcr: snextponnsiit // DBC Jloul'Y: caiit. — URL: http://library.donnu.ru/catalog/
(mata oOpamenus: 01.09.2023). — Pexum qgoctyma: MOUCK CBOOOJHBIN, AIIEKTPOHHBIE
JIOKYMEHTBI — JJI nonb3oBareneit Joul'y.

8. Jaextponnblii apxuB Jlonl'Y: pasgen caiita / HB [loul'Y. — Tekcr:
anekTpouubii / OBC oul'VY: caiit. — URL: http://repo.donnu.ru/ (mara oOpamieHus:
01.09.2023). — Pexwum nocTyma: CBOOOIHBIH.

13. I[TPOT'PAMMHOE OBECITEYEHUE

1. Windows 7 PRO (xopnoparusnas nunen3us oY Ne 46484614)

2. Microsoft Office (koprnopatuBHas auuen3us oY Ne 46472919)

3. Microsoft Visual Studio (suniensust mporpammsl Dream Spark st BBICIIAX y4eOHBIX
3aBeJICHUN)


https://rusneb.ru/
https://elibrary.ru/
https://cyberleninka.ru/
https://e.lanbook.com/
https://biblio-online.ru/
http://library.donnu.ru/
http://library.donnu.ru/catalog/
http://repo.donnu.ru/
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4. AntuBupyc Kacmepckoro, Adobe Acrobat Reader, xPDF (iuuensun GPL, Apache,
BSD nst cB0G0THOTO POTPaMMHOTO 00ECIICUCHHS ).



