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®U3NKO-MATEMATHYECKHUM dakyabTer

AHHOTALIUSA
paGoueii nporpaMMbl y4eOHOH AUCHUIINHBI
B1.B.05 HAHOCUCTEMBI. METO/JIbI IOJTYYEHUSA U CBOMCTBA
Hanpagaenue noaroroBku maructparypbl 03.04.02 ®uzuka

esab n3yyeHust QM CHUNINHbBI

[lenssMu OCBOCHUSI TUCHUILIMHBI SBIISIIOTCS. TIOJYYEHHE CBEICHHH M 0a30BBIX 3HAHHH O
HAaHOCHCTEMaX, NPUHIUNAX (OPMHUPOBAHUA CTPYKTYpPHl HAHOCHUCTEM, B TOM 4YHCIE, JUIA
MHOTOKOMIIOHEHTHBIX CHCTeM M (PHU3WYECKOW CYIIHOCTH SBJICHUH, TNPOUCXOIAIINX B
HaHOCHUCTEMAX HA OCHOBEC HpI/I3HaHHBIX HOJIO)KCHI/Iﬁ TGOpI/II/I nu HpaKTI/IKI/I, KOTOpBIMI/I JOJI’)KHBI
PYKOBOJICTBOBATbCSl MAaruCTPaHThl, MPU MCCICAOBAaHUU M HMHTEPIPETAUUN CTPYKTYpbl H
CBOMCTB HAHOCHCTEM.

Mecro nucuuniuebl B cTpykrype OIIOII BO marucrparypsl

Hucuunnuna «HanocucteMbl. MeTonbl MOJydYeHHUs W CBOWCTBAa» BXOAMT B IaKeT
muciumuiiH - Oi1oka 1 gopmupyromux ¢dyHIameHTalbHOe 00pa3oBaHHE MAarucTpoB IO
HanpasneHuio 03.04.02 ®dusuka. [Ipoduns «Duszmnka momynpoBoaHUkoB». WU3ywaerca Ha 1
Kypce Bo 2 cemecTpe.

B ta6n. 2.1 npuBeneHbl Ha3BaHUS MIPEAMETOB U Pa3/AEIOB, KOTOPbIE HEOOXOAMMO YCBOUTH
JUTSL U3YYeHUST AUCIUIUTMHBI « TepMouHaMyKa KOHACHCUPOBAHHBIX CPEID».

Hucuunnuna «Hanocucrembl. MeTOIbI MOJIYYEHUSI U CBOMCTBA» SIBJISIETCS OCHOBHOM IS
U3YUYeHUs AUCHUIUIMHBI «DU3MKa MOJYNPOBOAHUKOBBIX MPUOOPOBY», KOTOPHIE YHTAOTCS
IapaJuIEeIbHO WIN MTO3KE.

JlanHass [OUCHUWIUIMHA TpH3BaHa BbIpaboTaTh MpodeccuoHalbHbIe
CBSI3aHHBIE CO CIOCOOHOCTHIO HCIOJB30BaTh TEOPETHUYECKHE 3HAHHUA B 00IacTu oOuei
(bu3KMKYM, KBAHTOBOM MEXaHUKH, TEOPETUYECKON (DM3UKH, aTOMHOM (DU3HMKHU, CTATUCTUYECKOU

KOMIICTCHIINH,

(bu3uKU 1715 pelieHNs] KOHKPETHBIX MPAaKTHUECKUX 3a]1a4 Ha MpuMepe (PU3MKH HAaHOCUCTEM.
Mal"I/ICTpaHTI)I , I3yHaromue JaHHYI0 AUCHUIUIMHY, JOJDKHBI UMCTh CBCACHUS U 0a3oBLIe
SHAHUA O CTPYKTYPC KPUCTAIMYCCKUX CHCTEM, THIIaAX CBsA3 aTOMOB B KOHJACHCHPOBAHHBIX
cpelax, CTPOGHUHM aTOMOB M MOJIEKYJl B 00ObeMe 3HaHMH Kypca oOmiei (u3MKu, KBAHTOBOMN
MCXaHUKH, CTATUCTUYCCKHUX 3aKOHaxX paclpcACiICHUsA, 3aKOHAaX COXpPAaHCHUA OHCPIHHU,
MMITYJIbCA 1 MOMEHTA UMITYJIbCa, OCHOBAX KBAHTOBOI'O OIMCAHMSI YACTHII.
JaHHas aMcuuIuinHa sBiseTcst 0a30BOM  JUId  M3Y4EHUS JMCLUIUIMH!

«Duznka pubopoBy,

«Pusznka

MOJTYTIPOBOTHUKOB, MOJTYTPOBOTHUKOBBIX «OCHOBBI
PEHTTEHOCTPYKTYPHOTO aHAIIHA32)
B Tabmn. 2.1, 2.2 mpuBeneHbl Ha3BaHHS NPEIMETOB U Pa3JelIOB, KOTOPhIE HEOOX0IUMO

YCBOUTH JIA U3YUCHUSA JUCHUITIIMHBI «HaHOocuCcTEMBI. MeTOJII)I IMMOJIY4YCHHA U CBOMCTBaY.
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NJK onks-3

CniocoOeH BbIOUpATH 11
CBOCH HCATEIBHOCTH U
JIOCTUKEHHUS, TPOTHO3Y
IIOCJIEICTBYS HAYYHOM,
MPOU3BOACTBEHHOUN 1
COLIMATLHOM JeSITeIIbH(

eIIn
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CTH,

IIPUMCHATHE COBPEMCHHBIC

METO/IbI aHaJIH3a, 00pa
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JeSITeIIbHOCTH, CTABHTE
peuiath 3a/1a41, yMETh
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Hay4HbIE TPOOIIEMBI,

TeHEPUPOBATH HOBBIC U
CO3JIaTh HOBOE 3HAHHE

OOTKH I
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HOM

u

1 Th

en 1

CoaeprxaHue JUCHUILIMHBI

Taoauua 5

PA3JEJIBI MOAYJIN) JIMCHUIIJIMHBI B CEMECTPE

Jlexmym, (gacer)
IIpakTrueckue 3aHATUA
(ITP), wac
C PC enunwmIp! (1ace)
Bcero, uac

Mopayasb 1. Beenenne. UcTopusi pa3BuTHSI HAHOTEXHOJIOTHH.
IIpuopuTeTHBIC HANIPABJICHUSI HAHOTEXHOJIOTHH. OCHOBHBIC
HAY4YHble TEPMHHBI U ONpe/ieIeHUs

o
w
o

Tema 1.1. IloHsATHE HAHOTEXHOJIOTUN

16 18 | 44

Tema 1.2. Pa3Butue HanorexHonoruil. [Ipuopurternsie
HaIPaBJICHUs] HAHOTEXHOJIOIMH. Pa3HOBUIHOCTH HAHOMATEPHAIIOB:
KOHCOJIMJMPOBAaHHBIE HAHOMAaTEPHUaJIbl, HAHOTIOIYIIPOBOAHUKH,
HaHOIOJIMMEpPHI, HaHOOMOMaTepuaibl, GyJIepeHsl U TyOyIspHble
HAaHOCTPYKTYPHI, KaTaIu3aToOpbl, HAHOMIOPUCThIE MaTepUabl U
CyIpaMoJIeKyJIsipHbIE CTPYKTYpbl. HaHOUacTUIIb! (HAHOTIOPOIIKH).
Hayka o maniopa3smepHbix 00bekTax (nanoscience).

Tema 1.3. EctecTBeHHBIE IpaHUIIBI PA3BUTHS CYIIECTBYIOIIEH
MHUKPO3JIEKTPOHUKU. KBaHTOBBIE SIMbI, IPOBOJIOKHU M TOYKH.

Tema 1.4. Co3znanne HAaHOOOBEKTOB 110 MPUHLIUIIAM «CBEPXY —
BHU3» U «CHU3Y — BBEpX». DaHTaCTUUECKHE BO3MOXHOCTU
HaHOTeXHOJOTuU. OCHOBHBIE HayUHbIE TEPMHUHBI U ONPEAETICHUS
(maHOMaTepuabl, HAHOTEXHOJIOTHS, HAHOANATHOCTHKA,
HAHOCHCTeMOTeXHUKa). DyHIaMeHTaIbHbIC TIPOOJIEMbI HHITYCTPUN
HAHOCHCTEM.

Moayanb 2. HaHOTEXHOJIOTHH «CBEPXY — BHU3)»

Tema 2.1. @opmupoBaHHe TBEPAOTEIbHBIX HAHOKIACTEPOB.
TBepI[OTe.HBHBIe XUMHYCCKUC PCAKIINH.

Tema 2.2. MexaHOXUMHUYECKHE MPEBPAIICHUSA. Y TapHO- BOJTHOBOM
cuHte3. HanocTpykTyprupoBaHue 1o JeHCTBUEM JIABICHUS CO
caBuromM. HaHocTpyKTypupOBaHue NyTeM KpUCTAJUIM3ALUU
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amopdHbIX cTpyKTYp. KommakTupoBanue (KOHCOJIMIAIINS)
HAHOKJIACTEPOB

Moayab 3. OCHOBbI HAHOTEXHOJIOTHH KOHCOJIUANPOBAHHBIX 4
MaTepHAJIOB

Tewma 3.1. [TopourkoBbie TexHOMOrHU. KOHIEHCAIMOHHBIN METOT
(meTon I'efitepa). BoicokodHepreTHYECKOE H3MEITbYEHHUE.
Mexa"Hoxumuueckui cuates. [1nasmMoxumuueckuii cuare3. CuHTes
B YCIIOBUSIX YJBTPa3BYKOBOI'O BO3JACHCTBHS. DJICKTPUUECKUIN B3PHIB
MPOBOJIOYEK. METO IbI KOHCOJIUIALIUU. DIIEKTPOPa3pPsAaHOE
cniekanue. IHTeHCHBHAs TuTacTHUYecKas aedopmanus (KpydeHue
110/ BBICOKHMM JIaBJICHUEM, PABHOKAHAJIBHOE YIJIOBOE MPECCOBAHME).

Tema 3.2. K onTponupyemast KpUCTaUTH3aIHs U3 aMOPHHOTO

COCTOsIHMS. TeXHOJIOrusl HAHOCTPYKTYPUPOBAHHBIX IUNICHOK U
MIOKPBITUI: TEPMUUECKOE UCIIAPEHUE, HOHHOE OCAKICHUE,
OCaXKJICHHE U3 Ta30BO (pa3bl, UMITYJILCHOE IEKTPOOCAKICHNUE,
ra30TepMHUYECKOE HAbUICHUE, TEPMUUYECKOE Pa3I0KEHUE.

Tema 3.3. OCHOBBI HAHOTEXHOJIOI'MH MTOJYITPOBOAHUKOBBIX
MaTepuaioB. MosekyssipHoyyeBas SnuTakcus. MexaHu3mbl pocta
Ha”oruieHOK 1o donemepy- Bebepy, @panky- Ban nep Mepge,
KpactanoBy- Ctpanckomy. Metonst CVD u PCVD. Texnonorus
TIOJTYYCHHS TTOTYITPOBOTHUKOBBIX KBAHTOBBIX TOYCK.

Tema 3.4. OCHOBBI TEXHOJIOTUU TIOJUMEPHBIX, TOPUCTBIX,
TpyO4aThIX U OMOJIOTMYECKUX HaHOMAaTepHaioB. [ mOpuaHbIe 1
CyIIpaMoJIeKyJIsIipHbIe MaTepuaibl. HaHomopucTeie MaTeprabl
(monexymsipabie cuta). TpyOuarsie HaHOMaTepualsl. [loarMepHbIe
HaHOMaTepHuaisl. HaHoMaTepuarbl, oy4eHHbIE METOIOM
CaMOCOOPKH.

Moayanb 4. OcHOBHBIE METO/IbI CO3IAHUSA HAHOCTPYKTYP 3

Tema 4.1. OcHOBHBIE METO/IBI CO3/JaHUSI HAHOCTPYKTYP:
3JIEKTPOHOJIUTOTpadust U HAHOMMIIPUHTHUHT, JIOKAJIbHS SMUTAKCUS U
SIUTAKCHUS TOBEPXHOCTHO HAIPSKEHHBIX CTPYKTYP,
caMo(OpPMHUPOBAHKE U CHHTE3 B MATPHIAX (TEMILIATHBIA CHHTE3),
30HJI0BbIE METObI JIUTOTPapUU.

Tema 4.2. MeToa T0KaabHOTO 30HA0BOTO OKHCIeHUS. DU3UKO-
XHUMHUYCCKHUE OCHOBBI METO/Ja JIOKAJIBbHOT'O 30HJ0BOI'O OKHMCJICHHA.
OcobeHHOCTH CO3aaHUs SJICKTPOIIPOBOAANINX 30HAOB.

Tema 4.3. KuneTtuka npoiiecca JIOKaIbHOTO 30HI0BOTO OKUCIEHUS
MOJYIIPOBOJHUKOB M CBEPXTOHKHUX METAINIMYECKUX TJIEHOK. MeTo
hopMHUpOBaHHS TUAIEKTPUIECKON TUICHKH, MOTYJITMPOBAHHON 110
tonuuHe. Mcnonb3oBanne MeToAa JIOKaIbHOIO 30HA0BOTO
OKHCIICHUS JUISl CO3[TaHHUS] HAHOCTPYKTYP U JIEMEHTOB
HAHOXJICKTPOHUKH.

Moaynb 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHUAJIOB 4

Tema 5.1. O6mias xapakrepuctuka. Knaccuduxanus
KOHCOJIMJMPOBAaHHBIX HAHOMATEPUAJIOB 10 COCTaBY,
pacrpeieleHUI0 U (popMe CTPYKTYPHBIX COCTABIISIOIIMX.

Tewma 5.2. 3epHa, ciou, BKIIOYEHUS U TTOPHI B KOHCOJIUIUPOBAHHBIX
HaHOMaTepuaiax.

Tewma 5.3. JledekTsl, MOBEPXHOCTH pa3fiena, MOrpaHUIHbIE
cerperauuu. @akrop Jlebas— Yoiepa.

Tema 5.4. CtpyKkTypa MOJUMEPHBIX, OMOJTIOTUUECKHUX U YTIEPOTHBIX
HaHoMarepuanoB. HaHomoJimMMepHbIe, CyTpaMoJICKYJISIPHBIE,
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HAaHOOHMOJIOTUYECKHE U HAHOTIOPUCTBIE CTPYKTYpbl. OCHOBHBIE
THUITBI MAKPOMOJIEKYJIIPHOU apXUTeKTyphl. Temmuiare (11aba0HbI).
CymnpamonekyisipHble CTPYKTYpbl. TyOysipHbIE U TyKOBUYHBIE
cTpyKTyphl. [Iporiecchl caMocOOpKH.

Monayab 6. ®u3nveckue CBOiiCTBAa HAHOMATEPHAJIOB. 11
Pa3mepnbie 3¢ ¢eKThI.

Tema 6.1. BBenenne. OcHOBHBIE OCOOCHHOCTH TPOSIBIICHUS
pa3MepHbIX 3(h(HEeKTOB B HAHOMaTepuasiax. JIEKTPOHHOE CTPOEHHE
HanoMatepuanoB. KBantosbie 3 (heKThI.

Tewma 6.2. ®a3oBbic paBHOBECHS M TEPMOIMHAMUKA
HaHOMAaTEPHUAJIOB.

Tewma 6.3. DOHOHHBIN CIIEKTP M TETUIOBBIE CBOMCTBA
HaHOMAaTEPHAJIOB.

Tema 6.4. [IpoBOIUMOCTD, ONTHYECKUE XapaKTEPUCTHKH,
JTUAJICKTPUYECKasi TPOHUIIAEMOCTb U TEIIONPOBOAHOCTD
HaHOMAaTEPHAJIOB.

Tema 6.5. [lepkonsiinoHHAast MPOBOUMOCTD U TIa3MEHHBIN
PE30HAaHC B HAHOMATEpUAJIOAX.

Tema 6.6. CTpykTypa, 3JIEKTPHUUECKHE U ONITHYECCKUE CBONCTBA
IUICHOK aMOP(HHOTO aIMa30Io100HOTO YIiepoa, COAEpKaIInX
HaHOKJIacTepsl cepebpa (a-C:H<Ag>).

Tema 6.7. CTpyKTypa, 3JEKTPUUECKHUE U ONITUYECKUE CBOWCTBA
amopdubIxX ieHok XCII, noay4eHHbIX pa3HbIMU METOAAMHU.
Hanorerepomopdu3m aMOppHBIX CTPYKTYP.

Tema 6.8. MaruutHble CBOMCTBAa HAHOMATEPUAJIOB. TUAMarHeTHKH,
napamMarHeTuku, (peppomMarHeTuku, aTudeppoMarHeTUKHUH,
beppumaraetuku u pepputsl. CyneprnapaMarHUTHOE COCTOSIHUE.
Maruaurtokagopuueckuii 3¢pdexr.

Tema 6.9. Mexanuuecknue CBOWCTBA HAHOCTPYKTYPHBIX
marepuanoB. [lomydects. Bs3kocTs (BHyTpeHHEE TpEHHE).
Heynpyrocts. TBep1ocTh, IPOYHOCTH, INIACTUYHOCTD, YIIPYTHE
XapaKTEPUCTUKHA HAHOMATEPHAJIOB.

Tema 6.10. TeopeTnyeckoe pacCMOTpEHUE MEXaHU3MOB
nedopmanuu HaHoMaTepuaaoB. OCHOBHBIE PE3YJIbTATHI.

Tema 6.11. CtabunbHOCTh HAHOCTPYKTYP. Poct 3epeH. duddysus.
OOG1ye 3aKOHOMEPHOCTH, POCTa 3epeH (PEKPHUCTAIUIH3ALNHN) B
HaHoMaTepuanax. PeakironHas ciocooHocts. Katamus.

Mopayasb 7. [IpuMeHeHHe HAHOMATEPHAJIOB 4

Tema 7.1. Beenenue. [IpuMeHeHre KOHCTPYKLIMOHHBIX,
MHCTPYMEHTAJIbHBIX U TPUOOTEXHUUECKUX HAHOMATEpUAJIOB.
IIpuMeHeHne MOPUCTBIX HAHOMATEPUAIIOB 1 HAHOMATEPUAJIOB CO
CHelHaIbHBIMU (PU3UKO- XUMHUYECKHUMH CBOMCTBAMHU.

Htoro 54 54

101 | 21

Oo0pa3oBaTe/ibHbIE TEXHOJIOTUH

Nerr.1. | Tema mporpamMmsl JucuuIinHbl | [IppuMeHsemMble TEXHOIOTHHI Kon-Bo
ayJurT.
4acoB

1 Beenenune. MHcropusa pa3BUTHsA | KIIACCHYECKOE TPAAULIMOHHOE; 10
HAHOTEXHOJIOTHH. JIEKIIMOHHOE 00y4YEeHHUE

2 [Ipuopurernsie HaIIpaBJICHUS | KIACCUYECKOE TpaJULIMOHHOE; 12
HAaHOTEXHOJIOTUH. OCHOBHBIE | JIGKIMOHHOE  OOydeHHe,  HarJsJHbIE,
HayuHbIE TEPMUHBI U | IPOrpaMMUPOBAHHBIE
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OIIpE/ICTICHUS
3 OCHOBBI HAHOTEXHOJIOTHHU | KITACCHYECKOES TPAJAUIHOHHOE; 12
KOHCOJIHIUPOBAHHBIX JEKIIMOHHOE  O0yd4eHue,  BepOalbHbIC
MaTepHaJoB (ayno)
4 OCHOBHBIC METOJIbI CO3/IaHUS KJIAaCCUYECKOE TPaIUIOHHOE; 12
HAHOCTPYKTYD. JCKIIMOHHOE  OOydYeHWe,  HarJIsIHbIC,
IPOrpaMMHPOBAHHBIE
5 Oco0eHHOCTH HAHOCTPYKTYPBI KJIACCUYECKOe TPaIUIINOHHOE; 13
HAHOMATCPHAIIOB JICKIIMOHHOE O00ydYeHHEe, CaMOCTOSITEIbHAsI
pabora
6 dusndeckue CBOWCTBA | KJIACCHYECKOEC TPaIUIOHHOE; 14
HAaHOMAaTEePHAJIOB. Pa3mepHble | JeKIIMOHHOE 00yYeHHEe, CaMOO0yUYCHHE
3¢ hEeKTHI.
7 [IpuMeHeHre HAHOMATEPHATIOB KJIACCHUYECKOE TPaJMIIHOHHOE, 15
JIEKIIMOHHOE 00yYCHHUE, TUCTAHIHOHHBIC
6. ITepeuyenn pecypcoB HHPOPMANHOHHO-TEJIEKOMMYHHKANIMOHHO# ceTH « AHTEpHET,

He00X0IUMBIX /IJIs1 OCBOCHUS TUCHUILUIUHBI (MOIYJINA)

Ha3zBanue pecypca CcebLika/gocTyn
DnekTpoHHas Oubnmoreka omnaitn «EmuHoe okHo K | http://window.edu.ru
00pa3oBaTelIbHBIM pecypcam
«O6pazoBaTenbHbIi pecypc Poccumy http://school-collection.edu.ru
denepanbHbIii 00pa3oBaTeabHBIA HOpPTAI: yupexaenus, | http://www.edu.ru
nporpammel, craiaaptsl, BY3s1, Tectol EID, THA

denepanbHbIi LICHTP uHdopmarmonHo- | http://fcior.edu.ru
oOpa3oBatenbHbIX pecypcoB (PLIMOP)

Pycckast BupTyasibHasi On0JnoTeKa http://rvb.ru

ExxenenenbHuKk Hayku W oOpasoBanust lOra Poccum | http://old.rsue.ru/Academy/Archive;
«AKaJIeMHsD» ndex.htm

Hayunast snektponHasi Oubiamnoreka «e-Library» http://elibrary.ru/defaultx.asp
OnekTpoHHO-0nbmoTeuHas cucrema IPRbooks http://www.iprbookshop.ru

DNeKTPOHHO-CIIPABOYHAsl CHCTeMa JTOKyMEHTOB B cepe | http://www.informio.ru
oOpazoBanus «MHdopmuo»
NupopmarmonHo-nipaBoBasi  cucrema «KoHcynbTanT- | CereBasi BepcHsl, JOCTYIHA CO BJ

TLTIOC) KOMITBIOTEPOB B KOPIIOPATUBHOM Cf
Nurl'y
DIeKTpPOHHO-0MOIoTeuHas cuctema «tOpait» https://www.biblio-online.ru
7 DopMbI TEKYLIET0 KOHTPOJISA
' Pabota y 10CKH; KOHTPOJIbHBIE, CAMOCTOSATEIbHBIE Pa0OTHI.
8 DopMa NPOMEKYTOYHOT0 KOHTPOJISI - DK3aMEH

Pa3pa6orumk: 1.¢-M.H., npodeccop kadenapsl «Puszukay Matues A. X.



http://window.edu.ru/
http://school-collection.edu.ru/
http://www.edu.ru/
http://fcior.edu.ru/
http://rvb.ru/
http://old.rsue.ru/Academy/Archives/Index.htm
http://old.rsue.ru/Academy/Archives/Index.htm
http://elibrary.ru/defaultx.asp
http://www.iprbookshop.ru/
http://www.informio.ru/
https://www.biblio-online.ru/

