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1. EJIb OCBOEHUMA JTUCIIUITJIMHbI

JucuumnuHa «TexHONIoruu MpoU3BOJACTBA HAHOCTPYKTYPHBIX MAaTE€pHalIOB» BXOJUT B
porpaMMy Maructparypbl «HKXEHEpHO-PU3NYECKUE TEXHOJIOTUA B HAHOWHIYCTPUU») IO
HarnpaBieHuto 28.04.01 «HaHOTeXHOJOTMM W MHUKPOCHUCTEMHAsi TEXHUKa» M H3ydaercs B 1

cemectpe 1

Kypca.

Huctuuimny  peanusyer basoBas  kadempa

«HanorexHosorun wu

MHUKPOCHUCTEMHAsI TeXHUKa». [[ucuuniauHa coctout u3 4 pasznenoB ¥ 29 TeM W HalpaBjieHa Ha
u3ydyeHue (U3NYECKUX M XHUMHYECKHX CBOICTB M 0COOEHHOCTEH HaHOMAaTEepHajoB; METOJIOB
CO3/1aHHs HAaHOMATepUaloB M MPUOOPOB HA UX OCHOBE; TPEOOBAHHM K MPOIYKIMH HAa OCHOBE
HAaHOMAaTEpPHAIOB U METOJ0B HCCIEAOBAHUS IIaPAMETPOB IOJIYYEHHBIX CTPYKTYpP; BOIIPOCOB POJIU
HaHOMAaTEpHAJIOB B Pa3BUTUU TEXHOJOTUM HA MPEAIPUATUAX MUKPOIIEKTPOHUKH.

[lenpr0 OCBOCHUS NUCLUMIUIMHBI SBJISETCS IOJy4YCHHE 3HAHUM, YMEHUH, HaBBIKOB U OIBITA
NEeSITeIbHOCTH B 00JIACTH HAHOTEXHOJIOTU, METOJOB CO3J]aHUsI HAHOMAaTepuajaoB U MpuOOpPOB Ha
X OCHOBE, METOJIOB HCCJIEIOBAHUS HAHOMATEPHUAIOB; pa3BUTHE (U3UUYECKOTO MBIIUICHHUS M

TEXHOJIOTHYECKUX HABBLIKOB,
00€eCIeUnBaOIIMX JTOCTUKEHUE

MIPOrPaMMBI.

XapaKTCPU3YOIUX  STaIlbl
IUIAaHUPYEMBIX  PE3YJILTATOB

(bopMUpOBaHUS KOMIIETCHIUH |
OCBOCHHUS 00pa30BaTEILHOM

2. TPEBOBAHMUS K PE3YJIBTATAM OCBOEHMUS JUCHUITVIMHDI

OcBoenne JUucIUIInHbl  « TexHogoruu MMPOU3BOACTBA HAHOCTPYKTYPHBIX MATCPUATIOB»

HaIpaBJICHO

Ha (opMHpOBaHUE

y

KOMITCTCHITHH ):

o0ydJaromuxcsi  CJICAYIOIMMUX KOMIICTSHIMH  (Y9acTu

Tabnuya 2.1. Ilepeuenv komnemenyuil, opmupyemvix y 00V4arOWuxcs npu 0Cc60eHuu
OUCYUNTUHBL (Pe3YTbmambl 0C80EHUS OUCYUNTIUHDL)

HNHaukaTopbl A0CTHKEHHS] KOMITEeTEHIINT
Hugp Komnerenuus A PeI A N
(B pamMKax JaHHOW JHCIUILIIHEI)
OIIK-1.1 3HaeT OCHOBHBIE 3aKOHEI, ITOJOKECHUS U METOEI B
Cnocob6eH cTaBUTh U pemaTh
00J1aCTH €CTECTBEHHBIX HAYK U MaTeMAaTHKH;
WHKCHEPHBIE U HAy4YHO-
OIIK-1.2 YMmeeT BBISBIATh €CTECTBEHHO-HAYUYHYIO CYIIHOCTh
TEXHUYECKHE 3aJa4ll B 00J1aCTH . o
. npoGJieM B 00J1aCTH HAHOTEXHOJIOTHH 1 MUKPOCUCTEMHON TEXHUKHU
HATOTEXHOTIOTHH 1 1 HOBBIX MEXIUCIUIIMHAPHBIX HANIPaBICHUH, PyKOBOACTBYSIChH
OIIK-1 MUKPOCUCTEMHOM TEXHUKU U el P P - bY ACTBY
3aKOHaMH U METOJIaMH €CTECTBEHHBIX HAYK U MaTEMaTHUKH;
HOBBIX MEXIUCIUTUTHHAPHBIX
OIIK-1.3 Bnageetr HHCTpyMEHTaMHU aHAINU3A U PEIICHUS
HaIlpaBJIECHUSIX Ha OCHOBE
WH)XEHEPHBIX U HAYYHO-TEXHUYECKHX 3a/1a4 B O0JIaCTH
€CTECTBEHHOHAYYHBIX U N .
. HaHOTEXHOJIOTMHA M MUKPOCHUCTEMHON TEXHUKHU H HOBBIX
MaTeMaTHYeCKUX MoJeNeit .
MEKANCIMIUIMHAPHBIX HalpPaBIICHUH;
OIIK-3.1 3HaKOM C OCHOBHBIMH HOIXOJIAMH K pa3padoTKe
CnocobeH ynpasisTh .
METOAMYECKHX 1 HOPMATUBHBIX JTOKYMEHTOB, TEXHUYECKOM
JKU3HEHHBIM LIUKJIOM CO3JaHUs N .
JIOKyMEHTaI[X B 00J1aCTH HAHOTEXHOJIOTHH M MUKPOCHCTEMHOM
HH)KEHEPHBIX NMPOJYKTOB B
. TEXHUKHU C y4€TOM 3KOHOMUYECKHX, IKOJIOTHUECKUX, COL[UATIBHBIX
001acT HAHOTEXHOJIOTHH U .
OIIK-3 N U IpYTUX OIPaHUYCHUN;
MUKPOCHCTEMHOMN TEXHUKHU C .
OIIK-3.2 BnageeT noaxonaMu Juist pyKOBOJCTBA pa3paboTKOM
y4€TOM IKOHOMHUYECKHX, .
TEXHUYECKOI JOKYMEHTAIINN U HOPMAaTHBHBIX JOKYMEHTOB B
HKOJIOTHYECKUX, COIIMATIBHBIX U . .
N 00J1aCTH HAHOTEXHOJIOTHUH M MUKPOCHCTEMHON TEXHUKH, B TOM
JOPYTUX OTpaHUYCHUH
9HCIIE 10 XU3HEHHOMY IHKIY IPOAYKIINH U €€ Ka4eCTBY;
I1K-7.1 3HaeT OCHOBHBIE COBPEMEHHBIE TEXHOIOTHIECKHE
CrocoOHOCTH pa3pabaThiBaTh -
MIPOIIECCHI N3TOTOBJICHNUS HAHOAJICKTPOHHBIX M3/ICITHA;
COBpPEMEHHBIEC TEXHOJIOTHIECKIE
MK-7 I1K-7.2 BnaneeT HaBBIKaMHU pa3pabOTKH COBPEMEHHBIX
MPOIIECCHI U3TOTOBIICHHUS
. TEXHOJIOTHYECKUX MPOIIECCOB N3TOTOBICHHUS HAHOAIEKTPOHHBIX
HAHOAJIEKTPOHHBIX U3EIHi .
U3Jeuii;

3. MECTO JUCIMIIJIMHBI B CTPYKTYPE OII BO




JucuuruimHa «TexXHOIOruM IMpPOM3BOJCTBA HAHOCTPYKTYPHBIX MaTEpHAlIOB)» OTHOCUTCS K
o0s3aTenbHON yacTu 610ka 1 «Aucuuruimael (MOTyH)» 00pa30BaTENbHOM MPOTrPaMMBbI BBICIIETO
o0Opa3oBaHus.

B pamkax o0Opa3zoBaTesbHOM MporpamMmbl BBICIIETO O0pa30BaHUS OOyYaIOIIMECS TaKxKe
OCBaMBAIOT JIpYI'HM€ JWCUUIUIMHBI W/WIM  TPAKTUKH, CIIOCOOCTBYIOIIME  JIOCTHKCHHUIO
3aIJTAHUPOBAHHBIX  PE3yJIbTAaTOB  OCBOEHUS  TUCHUILUIMHBI  «TeXHONOruu  MpoM3BOJCTBA
HaHOCTPYKTYPHBIX MaTE€pPHAJIOB.

Tabnuya 3.1. Ilepeuenv komnonenmos OI1 BO, cnocobcmeyrowux 00CmuiceHur
3aNIAHUPOBAHHBIX PE3VIbMAMO8 0C80EHUS OUCYUNTUHBL

IpenmecrByrommue Mocaenyromue
HIngp Haumenosanue }Jl/lcfll/l[:lﬂﬂﬂblyMOI;[lyﬂﬂ, ):ll/lcul/lﬂﬂﬂill)l:l/l\lfmlyﬂﬂ,
KOMIIeTeHI[UH . %
MPaKTHKH MPAKTHKH
CriocoOeH CTaBUTh U OCHOBBI IPUMEHECHUS
pemaTh HHXEHEpHBIE ’ HAHOTEXHOJIOTHIA U
HaYYHO-TEXHUYICCKHE MHUKPOCUCTEMHON TEXHUK;
3a/1a4¥ B 00JIaCTH Hayuno-uccnenoBarenbckas
HAHOTEXHOJIOTUH U paborta (mony4yeHue
OIIK-1 MUKPOCUCTEMHOU TEXHUKU U NIEPBUYHBIX HABBIKOB Hay4HO-
HOBBIX UCCIIeIOBATENHCKOM paboThI);
MEXIUCHIUTUTMHAPHBIX Hayuno-uccnenoBarenbckas
HaIpaBJICHUAX Ha OCHOBE paborta;
€CTeCTBCHHOHAYYHBIX H TexHOTOTHYECKAs MIPAKTUKA;

MATEMATHUYCCKUX Moz[eneﬁ

HanexxHocTs ycTpoicTB
HaHO3JIEKTPOHHON U
MHKPOCHUCTEMHOU TEXHUKH;
Hayuno-uccnenoBarensckas
MPOJYKTOB B 00JIaCTH
o paborta (mony4yeHne
HAHOTCXHOJIOTHH U
OIIK-3 N NIEPBUYHBIX HABBIKOB Hay4HO-
MUKPOCHUCTEMHOUN TEXHUKHU C o
HCCIIeI0BAaTEIbCKON paboThI);
y4eTOM IKOHOMHUYECKHUX,
HayuHno-uccnenoBarenbckas

CnocobeH ynpasisTh
JKU3HEHHBIM IIHKIIOM
CO3JJaHUS] HH)KEHEPHBIX

9KOJIOTHYECKHUX,
pabora;
COIMABHBIX U APYTHUX
% TexHosornuueckas mpakTUkKa;
OTpaHUYCHUH
TexHONTOTMYECKAst IPAKTUKA;
[penaumuioMHast MpaKTHUKA;
Texuonocus u3eomoeieHus.
YCMPOUCmM8 HAHO- U
MUKPOCUCMEMHOU MeXHUKU*™;
Texnonozus npouzeoocmaa
CriocobHOCTB
HAHOIeKMPOHHBIX
paszpabaTbIBaTh N
yempouicmg**;
COBPEMEHHBIE
MK-7 MeTtoxas! popMHUPOBaHUS
TEXHOJIOTHYECKHE MPOIIECCHI
HaHOTUICHOK;
W3TOTOBJICHHS
. Texnonozuueckue acnekmoi
HaHOYJIEKTPOHHBIX U3JETHIA
U320MOGNIEHUS.
ONMOI1eKMPOHHOU

KoMnoneHmuou 6azvl **;
Jlazepuvle mexnonoauu 0ns
HanouHoycmpuu **,

* - 3aMOJIHSACTCS B COOTBETCTBUM ¢ MaTpuiei kommnereHuiit u CYII OI1 BO
** - 3JIEKTUBHBIC TUCIUIUINHBI /TIPAKTUKH




4. OFBEM JJVCHUILJIMHBI U BUbI YYEBHOH PABOTHI

OO0mmas TpyA0eMKOCTh TUCHUTUTHHBI « T€XHOIOTHH MPOU3BOICTBA HAHOCTPYKTYPHBIX MATEPHATIOB) COCTABISIET «7» 3a4ETHBIX CIUHUII.
Tabauya 4.1. Buowvl yuebHot pabomvi no nepuooam 0C80eHUs 00PA308AMENbHOU NPOSPAMMbL BbICULIE20 00PA308aAHUL Ol OUYHOU GOopmbl
00yuenus.

Buja yue6Hoii padoThI BCEI'O, ak.u. CEMeclT pCBD)
Konumaxmmnas paboma, ax.u. 54 54
Jlexuuu (JIK) 36 36
JlaGopartopusie pabotsl (JIP) 0 0
IMpaktryeckue/cemunapckue 3ansatus (C3) 18 18
Camocmosmenvras paboma 0by4arowuxcs, ax.u. 171 171
Koumponw (sx3amen/3auem c oyenkou), ax.u. 27 27
Oo0masi Tpy10eMKOCTH T CHUIIHHBI aK.u. 252 252
3a4.e/l. 7 7




5. COAEPKAHUE JUCIUIIJINHBI

Tabauya 5.1. Codeporcanue oucyuniunsl (Mo0yis) no euoam y4ebHou pabomuol

Bun
Homep | HammeHnoBaHue pasnena "
paszena [——— Copep:xanue pa3aesa (TeMbl) yueOHoit
padoThI*
11 OCHOBHI KJIaccU(pUKAIIA HAHOMATEPHAJIOB. 1K
Tepmunonorus.
Paznen | |HanomaTepuaisr 1.2 OCHOBHBIE THITBI CTPYKTYP HAHOMATEPHAJIOB JIK
13 Oco0eHHOCTH CBOHCTB HAHOMATEPHAJIOB U 1K
OCHOBHBIE HANIPABJICHUS NX UCIIOIb30BaHMUS.
2.1 TexHonornu GOpMHUPOBAHHUS TOHKHX IIEHOK JIK, C3
Pasgen 2 |Hanorexnonoruun 2.2 TexHoIornM CHHTE3a HAHOYACTHI] JIK, C3
2.3 Crioco0w1 hopMoBaHUs moJUMEpHBIX HaHoBoJokoH | JIK, C3
Onruueckas Mukpocokmust. [lorsTue
3.1 IUQPaKIIMOHHOTO TIpeaesa. Buapl onTrudeckoit JIK, C3
MHUKPOCKOIIUH
3.2 BrmkHenonpHas oNTHYeCKasi MUKPOCKOIIHS JIK
CkaHHpYIOILAs AIEKTPOHHASE MUKPOCKOIIHSI.
33 du3nuecKkue nploecch Mpu B3aUMOIEUCBTUI TIK
AJIEKTPOHHOTO ITyCKa C MaTepuajIoM.
TepMO3IMUCCUOHHBINM U aBTOIMUCCUOHHBIN KaTOL.
3.4 BropudHble # 06paTHOOTPaKEHHBIE 3JICKTPOHbI JIK, C3
3.5 CucteMa ynpasieHHs JIEKTPOHHBIM ITyYKOM JIK
3.6 XapakTepuCTHYECKOE M3IIyYeHHEe aTOMOB JIK, C3
3.7 PentreHod1yOpHUCIICHTHBIH aHaIN3 JIK, C3
Mertopp! uccienoBaHus 3.8 OHerpoANCIepCUOHHAs CIEKTPOCKOIHUS JIK, C3
Pasnen 3 HAHOMATEPHAJIOB 39 BonHOBO AeTEKTOp 171 UCCIEA0BaHUS CIIEKTpa JIK, C3
XapaKTPUCTHYECKOTO M3JyUYCHHUsL.
3.10 PentreHoBckasi poTo3€KTPOHHAS CHEKTPOCKOITHSI JIK
3.11 Oske-CIIeKTPOMeTpHs JIK
3.12 [IpocBeunBaromas 3J1eKTPOHHAs MUKPOCOKITHS JIK, C3
3.13 CkaHupytomas TyHHeJIbHasi MUKPOCKOIIHS JIK
3.14 ATOMHO-CHJIOBast MUKPOCKOTIHS JIK, C3
3.15 Duuncomerpus JIK
3.16 PeHTreHOCTPYKTYPHBIHA aHATIN3 JIK, C3
3.17 MécchayapoBcKasi CIIEKTPOCKOIIUS JIK
3.18 PamaHOBCKasi CIEKTPOCKOMHS JIK, C3
3.19 W oHHBIH MHKPOCKOI JIK
3.20 Macc-cneKTpoMeTpust JIK, C3
Tpumenene a1 HanoTexHOI0THN B MUKPOAJICKTPOHHKE, K
Pasnen 4 | HaHoMATepHATOB 1 OIITORJICKTPOHHUKE ¥ HAHO(POTOHHKE
HAHOTEX HOTOIHH 4.2 KoHcTpyK1IMOHHBIE HAHOMATEpHATIbI JIK
4.3 HaHoTexHog0rnu B MEIUITMHE JIK

* - 3anonuserca Tompko no QUHOM popme o6yuenns: JIK — nekyuu; JIP — na6opamophuie pabomui, C3 —

npaKmuquKue/ceMuHapcxue S3AHAMUA.

6. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJINHBI

Tabnuya 6.1. MamepuaneHo-mexnuueckoe obecneuerue OUCYUNIUHbL

Tun aynuropuu

OcHaleHue ayIuTOpuu

Crnennann3npoBaHHoOe
yueOHOe/1abopaTopHoe
obopynoBanme, I1O u
MaTepHuaJibl 1Jis1 0OCBOCHUSA
AUCIHUTLTUHBI
(Ipu HEOOXOTUMOCTH)

JlexumnonHuas

CemuHapckas




Crnennann3npoBaHHoOe
yueOHoe/1a00paTopHoe
obopynoBanme, I1O u
Tun aynuropun OcHameHue ayauTopun
MAaTepHaJIbl 1J151 0CBOEHHS
AMCUMILTUHBI
(Ipu HEOOXOTUMOCTH)
Jns
CaMOCTOSITENIbHOM
paboThI

* - ayIUTOpHS AJIsl CAMOCTOSTENIbHOM pa0doThl 00yyaronuxcs ykasbiBaercs OBA3ATEJIDBHO!

7. YHEBHO-METOANYECKOE U TH®OPMAIIMOHHOE OBECHHEYEHHUE JUCHUITJIMHBI

Ocnoenas numepamypa:

1. CyBopoB D. MarepuanoBe/ieHHEe: METO/IbI UCCIEIOBAHUS CTPYKTYPHI M COCTaBa
MaTepHaaoB 2-¢ u3., mep. u aomn. YueoHoe nmocoodue as CITO. — Litres, 2023

2. Ilonenos 1O. B., Jlykun M. B., Eroposa E. B. ®u3uko-xumMudeckre OCHOBBI
HaHOTexHoJorul //YuebHoe nmocodbue/.—2021
Hononnumenvnasn numepamypa:

1. FO. B. Ilonenosa, E. B. Eroposoii. HanomaTtepuasnbl 1 HAHOTEXHOJIOTHH. Y YeOHUK IS
CIIO, 2021 r.

2. CyBopoB, J. B. MarepuanoBeieHue: METO/IbI UCCIEIOBAaHUS CTPYKTYPBI U COCTaBa
MaTepUaloB : yaeOHOe TocoOue sl cpeHero nmpodeccnoHabHOTO oOpa3oBanusi / D. B.
CyBopoB. — 2-¢ u3j., nepepad. u non. — Mocksa : U3natensctBo FOpaiit, 2024. — 180 c.
Pecypcwi ungopmayuonno-menexomMmyHuKayuoHHou cemu « Mnmepuemy»:

1. ObC PY1H u ctoponnne ObC, Kk KOTOPBIM CTyI€HThl YHUBEPCUTETA UMEIOT JOCTYII
Ha OCHOBaHMH 3aKJIFOYCHHBIX JIOTOBOPOB

- DnexkTpoHHO-6ubmoTeunas cuctema PY/IH — 9bC PYIH
http://lib.rudn.ru/MegaPro/Web

- OBC «YHuBepcurerckas Oubauorexa onnain» http://www.biblioclub.ru

- OBC IOpaiit http://www.biblio-online.ru

- OBC «KoncynbraHT cTtyaeHTay www.studentlibrary.ru

- OBC «Tpounxkuii MmocT»

2. ba3bl JaHHBIX U TOMCKOBBIE CHCTEMBI

- OJIEKTPOHHBIN (POH]T TPABOBOM M HOPMATUBHO-TEXHUYECKON IOKYMEHTAIIUH
http://docs.cntd.ru/

- nouckoBas cucrema Anaexc https://www.yandex.ru/

- mouckoBas cuctema Google https://www.google.ru/

- pedeparuBHas 6a3a nanueix SCOPUS
http://www.elsevierscience.ru/products/scopus/
Yyebno-memoouueckue mamepuansvt 011 camocmosmenbHol pabomsl 00y4arOuuxcs npu
0CBOCHUU OUCYUNTUHBL/MOOYAAE:

1. Kypc nexuuii mo qucturinHe « TeXHOIOTHH MPOU3BOICTBA HAHOCTPYKTYPHBIX
MaTepHaIoBy.

* - Bce yueOHO-METOIMYECKUE MATePUAIIBI I CAMOCTOSITEIFHON pabOThl 00yUYaOIINUXCS
pa3MeIarTcs B COOTBETCTBHUHU C ACHCTBYIONIUM MOpsiAKoM Ha cTpanulle aucuuruinabl B TYUC!
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