MMUHHUCTEPCTBO HAYKH U BBICIHIEI'O OBPA3OBAHUS P®
OEJIEPAJTBHOE 'OCYJAPCTBEHHOE BIO/IKETHOE
OBPA3OBATEJIBHOE YUYPEXJIEHHWE BBICIIEI'O OBPA3OBAHUA
«AHT'YIICKUHA T'OCYJAPCTBEHHBI YHUBEPCUTET»

®U3NKO-MATEMATHUYECKHAMN ®AKYJIBTET

KA®EJPA  ®U3ZUKA

COT'JIACOBAHO YTBEPXKIAIO
PykoBoauTeb 06pa30BaTeIbHOM IPOrPaMMBI Jekan (pu3HKO-MaTeMaTHYECKOro (akyabTeTa
/ Matues A. X. / Manbcaros M.X.
or« 27» 04 2026 T. or« 28» 04 2026T.

PABOYAS TIPOTPAMMA JUCLHUIIIUHBI (MOIY.JIST)

b1.B.03 UCTOPUA U METOAOJIOTUSA HAYKHN U TEXHUKU B OBJIACTHU
SJIEKTPOHUKH

(unoexc oucyuniunol no yuebHOMy NIAHY, HAUMEHOBAHUE OUCYUNIUHBL (MOOYIS))
Hampasnienue moarotoBku (mazucmpamypa)
03.04.02. ®usnka
Hampasnennocts (npoghuns noocomosxu)

Du3zuka noaynpo8oOHUKOE

KBanudukanus BeITycKHUKA
mazucmp

®opma 00y4eHus - ouHas

Marac, 2026



1. HEJIU OCBOEHUSA JUCHUIIJIMHBI

W3ydeHne uCTOpUIecKoro mporecca OTKPHITUS HOBBIX (PU3UYECKUX SIBJICHUH, POPMUPOBAHUS
TEOpUH U 3aKOHOB, MOSIBJICHUSI OCHOBOIIOJIATAIOIINX HJIeH U TEXHUYECKUX PELICHUI, OCHOBHBIX
9TaroOB Pa3BUTHUS ANEKTPOHUKU, MUKPOAJIEKTPOHUKH M HAHODJIEKTPOHUKH.

JucuunimHa 10KHA cClIoco0CTBOBATH CO3/IaHUIO Y MATUCTPOB I[EIIOCTHOTO MPE/ICTABICHUS Ty~
TH Pa3BUTHS JIEKTPOHUKU, OCHOBHBIE 3aKOHOMEPHOCTH UCTOPUYECKOTO Mpoliecca B HayKe U
TEXHHKE, 00 SBOJIOIMH MPEACTAaBICHUH O cymiecTBe HayKu «McTopus 1 METOI0NIOTHS HAYKH U
TEXHHUKHU B 00JIACTH 3JIEKTPOHUKI Ha Pa3HbIX dTanax ee pa3BUTHs; 00 OCHOBHBIX METO/IaX MO-
3HAHUA 3aKOHOB HayKH «VICTOpHUS M METOA0IOTHS SJEKTPOHUKI.

2. MECTO JUCIMIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPBI

Juctumumaa «VcTopust 1 METOJIOJIOTHSI HAYKA U TEXHHUKHU B 00JACTH 3JCKTPOHUKH» BXOJUT B
ba3oByto dacth b1.B.03 oOpazoBaTenbHON MPOrpaMMbl Mazucmpanmypsl 10 HAPABJICHUIO (CIie-
rmanbHOCTH) 03.04.02. «@u3nkay.

B pe3yabTare uzyuenus 1ucuunanHbl « AcTopusi 1 MeTO10/10TUsI HAYKU U TEXHUKH

B 00J1aCTH JIEKTPOHUKI CTYIEHT J10JI2KEH
3HATD:
- OCHOBHBIE 3aKOHOMEPHOCTH HCTOPUUYECKOrO MpoIlecca B HAYKE M TEXHUKE, MPEANOCHUIKU
BO3HUKHOBCHHA U OTAIIbI I/ICTOpI/ILIeCKOI‘O pa3BI/ITI/I$I B O6JIaCTI/I SHCKTpOHI/IKI/I;
- MCECTO U 3HAYCHHUC SHCKTpOHI/IKI/I 158 HaHOBJIeKTpOHI/IKI/I B COBpeMCHHOM ane,
- OCHOBHBIC HAIMPABJICHUS, HAYYHBIC IIKOJIBI (DYHIAMEHTAILHOTO U MPHUKIAJTHOTO UCCIIE0Ba-
HUS ¥ IepEeIOBbIE MPOU3BOICTBEHHBIE MPEANIPUATHS, paboTarolre 00IacTH MEKTPOHUKH U
HaHORJIEKTPOHUKHU;
- METOAOJIOTMYECKHE OCHOBBI M PUHIIMIIBI COBPEMEHHOUN HAYKH;
- 3HamMb U uMems npedcmasieHue O BKIAJe BEIUKUX YUYCHBIX B JOPMUPOBAHUE COBPEMEHHON
€CTECTBEHHO - HAYYHOUN KapTUHBI MUPA;
YMeTh:
- TOTOBUTH METOJOJIOTHUECKOE€ 0O0CHOBAHHME HAYYHOTO MCCIICIOBAHUS U TEXHUYECKOM pa3pa-
OOTKH B

00J1aCTH NEKTPOHUKHY;
- HpOFHOSI/IpOBaTI) u aHaJ'II/ISI/IPOBaTB COIIMAJIbBHO - DOKOHOMHNYECKHCEC, FYMaHI/ITapHI)IS 1 3KOJIOTHU-
YeCKHe

IIOCJICACTBUA Hay‘—IHI)IX OTKpBITI/Iﬁ 1 HOBBIX TCXHHUYCCKHNX peHIeHI/Iﬁ B O6J'IaCTI/I BHCKTpOHI/IKI/I,
MHKPO U

HaHODJICKTPOHHKH;
BJIAJIETh:
- HaBBIKAMH aHAJIN3a U UACHTH(UKAIINN HOBBIX MPOOJIeM U 00JIacTel nccae0oBaHus B 00J1acTh
AIEKTPOHUKU U MUKPORJIEKTPOHUKH;
- HaBBIKAMH METOJI0JOTMYECKOI0 aHaI13a.

Jucnuniuna: «Mctopus U METO0JIOTHS HAYKH U TEXHUKHU B 00JIACTH 3JIEKTPOHUKI UMEET
MEXIUCHUIUTMHAPHBIE CBSA3H C JUCHUILTHHAMMU:
*  «Dunocodckre OCHOBbI HAYYHOTO M TEXHUYECKOTO 3HAHUS».

* «AKTyaJbHbIEe TPOOJIEMbI COBPEMEHHOM 3JIEKTPOHUKH U HAHODJIEKTPOHUKI).
OrpaHvy4eHHbIA JJUMUT BPEMEHU IMO3BOJISET BBINOIHUTH HACTOSIIIYIO MPOTPAMMY MO U3YUEHHIO



Kypca «/IcTopus ¥ METOIONIOTHS HAyKH M TEXHHKH B OOJIACTH 3JIEKTPOHHKI JIUIIb TPH YCIIO-
BUH HCIIOJIb30BAHUS Pa3HOOOPA3HBIX METOIMYECKUX (POPM I0/1a4y MaTeprasa CIIyIaTesiM.

OnHolt u3 Takux (GopM SBISIOTCS CONPOBOXKAAEMbIE JEMOHCTPAIMSIMU HATYPHBIX U KOM-
IBIOTEPHBIX SKCIEPUMEHTOB IPAKTUYECKUE 3aHATHS, HA KOTOPBIE CIIEAYET BBIHOCUTH HEKOTOPHIE
npoOJIeMHbIe 331a4H M BOIIPOCHI, HE TPATs BPEMEHU Ha PEIICHUE PSIOBBIX TPEHUPOBOYHBIX 3a-
nad.

B pamkax maGopaTopHOro mMpakTHKyMa HCIOJB3YETCS YMEHHE MarrucTpoB HPOHU3BOAUTH
pacyeTsl ¢ MOMOIIBIO CPEACTB BBIYMCIMTEIBHONW TEXHHKH. DTO MO3BOJISIET CYIIECTBEHHO IIPH-
OJM3UTH YPOBEHb CTAaTHCTHUECKON KYJIBTYPhl 00pabOTKH pe3yIbTaTOB H3MEPEHHUH B IPAKTHKYME
K COBPCMCHHLIM CTaHAapTaM, IIPUHATHIM B HAYKC U HpOI/ISBOI[CTBeHHOI\/JI ACATCIIbHOCTH.

Ha camocmosmenvuylo pabomy CTy€HTOB BBIHOCSTCS IepepabOTKa MaTepUaIOB JICKIUH U
CEeMHMHAPCKHUX 3aHATHUH, MOATOTOBKA K JIAOOPATOPHO-MIPAKTUYECKUM 3aHATUSAM U 00paboTKa MX
Pe3yIbTaTOB U COCTABJIEHUE OTUYETOB, PEIICHHE 3a/1a4 U3 IpeyIaraeMoro kadeapoi crnucka.

B kadecTBe caMOCTOATEIILHOM pa60TI>I MOKET OBIThH PEKOMCHAOBAHbI HAITMCAHUE OJHOIO -
IBYX pedepaToB mo TeMaM OJIM3KHM K POy Oyayliel NesTeIbHOCTH CTYJCHTOB U CBS3aHHBIM C
npUMeHeHHEM (PU3UIECKUX MPUOOPOB MIIH OOIIMX 3aKOHOMEPHOCTEH.

CBs3b AUCHUIIMHBI «DHU3HKA) ¢ NPeIIeCTBYOIIMMHA JUCHUILIMHAMHA
U CPOKHU MX M3YYEeHUs
Taoauua 2.1

Jucuunnunel, npeamecTpyomue qucuuminae «Hanocucremsl. MeToabl oy4eHus: U
CBOMCTBAY

1 | By3oBckuil kypc Gpusuku

N

TepMOI[I/IHaMI/IKa KOHACHCUPOBAHHLBIX CPEA

3 | OcHOBBI HUBHKO-XMMHYECKOTO aHAII3a

CBs3b aucuumuabl « HanocucreMsbl. MeToabl MOJyYCHUA U CBOMCTBA»
CO CMC/KHBIMU JUCHUIIVINHAMHA

Tanuna 2.2
Jucuunnuza Pazniensl, 3HaHNE KOTOPBIX HEOOXOIMMO MPU U3yUYEHUHU
JUCLUTIIIUHBI
®dusnka OCHOBHBIE TTOCTYJIaThl W IOJOKEHHSI KBAaHTOBOW TEOPWHU; TYHHEIBHBIN
KOHJIGHCUPOBAHHOTO | 3 EeKT; CTPOEHUE aToMa U CBA3b C NMEPHOAMYECKONW CUCTEMOU 3JIeMEeH-
COCTOSIHUS TOB MeHeneeBa; BBICOKOTEMIIEpaTypHasi CBEPXIPOBOJUMOCTb M IIPO-
CTEHIINE YCTPOUCTBA HA €€ OCHOBE
duznueckue OcHoBbI (GU3HUKHN BaKyyMa, Tejla; MPUHLHUIIBI U METO/IbI €r0 MOJyYEHHSI.

OcHOBBI BakyyMa

TCOpCTI/I‘{eCKI/Ie OCHOBBI (I)I/I3I/IKI/I MOJIYIIPOBOAHUKOB, KBAHTOBBIC 00BsiC-

duzuka HCHHA BCCX IPOLCCCOB MPOUCXOMAIINX B HUX IIPU BHCIIHUX BOSHeﬁ-
MOJIYITPOBOJJHUKOB CTBUAX. KJ'IE[CCI/I(I)I/IKaI_II/ISI TBCPAbIX TCJI Ha MCTAJUIbI, OJYIIPOBOAHHUKU U
AUDJICKTPHUKHU, OCHOBHBLIC OJJICKTPUYCCKUC, MArHUTHBIE W OIITHYCCKHC
CBOMCTBa TBCPABIX TCJI, MCXaHU3MBbI IPOTCKAHUS TOKAIO
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OcHOBBI HU3HKO- MeTo/ibl SKCIEPUMEHTAIBHOTO MOJYYEHUSI U UCCIEIOBAHMS MTapaMETPOB

XUMHUYECKOTO U XapaKTEPUCTUK MATEPUATIOB, TBEPAOTEIbHOM, HAHOAIEKTPOHUKHU. Tex-

aHaan3a HOJIOTHSI M3TOTOBJICHHSI AJIEMEHTOB 3JICKTPOHHOM TEXHUKU. OCHOBHBIE
TEHCHIIMY PA3BUTHS DJIEKTPOHHON KOMIIOHEHTHOU 0a3bl

3. PE3VYJIbTATBHI OCBOEHUA JUCHUIIJINHBI «<HAHOCUCTEMBI. METO/IbI
MOJIYYEHUS U CBOMCTBA»

[Ipouecc m3ydeHusi AUCHUILIMHBI HampaBieH HAa (OPMHUPOBAHUE SJIEMEHTOB CIEAYIOUINX
komretreHiuit B coorBerctBru ¢ ®I'OC BO 1o nanHoMy HanpaBJIeHHIO:

Ta6auna 3.1.
Kon HaumenoBanue WNHaukaTop 1OCTHXKEHUS B pesynprare ocBoeHus nucLu-
KOMIIe- KOMIIETEHIIUU KOMIIETEHIIUU IUTMHBI o0yya-
TEHIUU (3axkpenniennulil 30 OUCYUNIU- IOLIHCs:
HO)
VK-1 | CucremHoe u 1 [Kyk; Ananuzupyer npo- 3Haer
KPUTHYECKOE 0JIEMHYIO CUTYalLlUIO KaK CHU- COJIep’KaHue MPOLIECCOB CaMOOP-
MBIILUICHHUE. CTEMY, BBISIBJISIA €€ COCTaBJsA- | TaHM3ALMU U CaMOOOpa30BaHUs,
CriocobGeH ocy-  [follHe U CBSI3U MEXAY HUMHU UX 0COOEHHOCTEH U TEXHOIOIui
LIECTBIISATH KpU- peain3aluu, UCXoAs U3 Leei co-
TUYECKUH aHAIIN3 BEpLICHCTBOBaHUS podeccuo-
pOOJIEMHBIX CH- HaJIbHOM JESATEIbHOCTH;
Tyalui Ha OCHO- Ymeer
BE CUCTEMHOI'0 IUTAHUPOBATh LI€TTU U YCTaHABIIU-
M0JIX0/1a, BbIpa- BaTh IPHOPUTETHI PU BEIOOPE
OaTbIBaTh CTpa- CIOCOOOB MPUHSTHSI PEIIEHUHN C
TETUI0 JEUCTBUN Y4€TOM YCIIOBHM, CPEACTB, JINY-

HOCTHBIX CaMOCTOSTEIBHO CTPO-
UTb MIPOLIECC OBIIAACHUS HHPOP-
Maruei, oToOpaHHOM U CTPYK —
TYPUPOBAHHOM /7Sl BBIMOJHEHUS
npodeCcCuOHANTBHON JIeATETHHO-
CTH;

Baaneer

pUeMaMH CaMOpPETYJIISIIUN dMO-
IMUOHATLHBIX ¥ (PYHKIIHOHATBHBIX
COCTOSIHUH MPH BBIMOJTHEHUN
npodecCuOHATBHON JeATETHHO-
CTH; TEXHOJIOTUSIMU OpPTaHU3AINH
rpoliecca caMmoo0Opa3zoBaHus; CIO-
co0aMu TUIaHUPOBAHMUS, OPTaHH-
3aliu, CAMOKOHTPOJISI 1 CaMO-
OLIEHKH JICSATEIILHOCTH.




4. CTPYKTYPA JUCHUITVIMHBI

Taoaumna 4.1
Bunast yueOHoii paboThI Bcero uvac/3au. en.

KonrakTHas paGora (Bcero)
Jlexmuu (JI) 16
[Ipaktuueckue 3austus (I13)

CamocrosiTejibHas padoTa (Bcero) 92
KypcoBas pabora, MoAroToBKa K MPaKTHUYECCKUM

3aHSATUSIM

KoHTpomab camocTosTenbHO# paboTh -

Bug otueTHOCTH Dk3ameH-3
OO0mas Tpy10éMKOCTh 108

4.1. COOEP)KAHUE JUCIUAIIJIMHbI

Taoauma 4.1

PA3SJIEJbBI MOAYJIN) ANCHUIIJIMHBI B CEMECTPE

Jlexumm,(gacer)
(ITP), wac
C PC enunuis! (4acer)
KypcoBsie padboT
Bcero, gac

[IpakTrueckue 3aHATHS

N
w
N
N
w

Mopnyas 1. BBenenne. Uctopusi pa3BuTHS HAHOTEXHOJIOTHH. 7
IIpuopurteTHbIe HANIPaBJICHUS HAHOTEXHOIOTHH. OCHOBHBIC
Hay4Hble TEPMHUHBI U ONpe/ieJIeHUs!

Tema 1.1. ITousTHE HAHOTEXHOJIOTUN 1 -

Tema 1.2. Pasurne HanorexHosoruil. [IpuopurerHsie Hanpasie- 1 4
HUSl HAHOTEXHOJIOTHH. Pa3HOBUIHOCTH HAHOMATEPHAJIOB: KOHCO-
JUAMPOBaHHBIE HAHOMATEPHAJIbl, HAHOIIOJIYIIPOBOHUKH, HAHOIIO-
JUMepbl, HaHOOHOMaTepuabl, QysuIepeHsl U TYOYIsIpHbIE HAHO-
CTPYKTYpBbI, KaTaJu3aTopbl, HAHOMIOPUCTHIE MaTEPHAJIbI U CyIIpaMo-
JEeKyIsipHBIe CTPYKTYpbl. Hanouactuis! (Hanonopomku). Hayka o
MaJiopa3MepHbIX 00bekTax (nanoscience).

Tewma 1.3. EctecTBeHHBIC TpaHUIIBI PA3BUTHS CYIIECTBYIOIIEH 1 4
MUKPOIJIEKTPOHUKH. KBaHTOBBIE SIMBI, TPOBOJIOKH U TOUKH.

Tewma 1.4. Coznanue HaHOOOBEKTOB TIO MMPUHITUTIAM «CBEPXY — 1 3
BHU3» U «CHU3Y — BBepX». DaHTacTHUECKHE BOSMOXHOCTH HAaHO-
TexHOJ0ruu. OCHOBHBIC HAYYHbIC TEPMHUHBI U OITpeeIeHUs (HaHO-
MaTepuaibl, HAHOTEXHOJIOT S, HAHOAMAarHOCTHKA, HAHOCHCTEMO-
TexHuKa). DyHIaMeHTaIbHBIC TPOOIEMbI HHIYCTPUH HAHOCHCTEM.

Moayab 2. HaHOTeXHOJIOTHH «CBEPXY — BHH3» 13

Tema 2.1. @opmupoBaHue TBEPAOTEIbHBIX HAHOKIACTEPOB. TBep- 2 6
JIOTEJIbHbIE XMMUYECKHE PEAKLIUU.




Tema 2.2. MexaHOXMMHUYECKHUE MPEBPAILICHUS. Y TapHO- BOJTHOBOM
cuHTe3. HanocTpykTypupoBaHue o JeHCTBUEM JIaBJICHUS CO
casurom. HanocTpykTypupoBaHue mmyreM KpuCTaJIIM3aluu
amop(dHBIX cTpyKTYp. KomnaktiupoBanue (KOHCONMUAAUS) HAHO-
KJIACTEPOB

Moayab 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIMIUPOBAHHBIX
MaTepHaJIOB

13

Tema 3.1. IlopomikoBsie TexHOMOTHU. KOHIEHCAITMOHHBIA METO
(meTox I'meiitepa). BoicokoaHepreTrueckoe u3MelnbyeHne. Mexa-
HOXHMUYCCKHH cuHTe3. I1nasMoxumudecknii cuate3. CuHTE3 B
YCIOBHUSX YJIBTPa3BYKOBOI'O BO3JICUCTBUSI. DICKTPUUYECKUMN B3PbHIB
MPOBOJIOYEK. METO IbI KOHCOMUIAIMHU. DIEKTPOPA3PSIAHOE CIIeKa-
nue. MaTeHcuBHas miactudeckas aedopmarus (KpydeHHe 01 BbI-
COKHM JIaBJICHHEM, PaBHOKAHAJIbHOE YIJIOBOE MPECCOBAHME).

Tema 3.2. KonTponupyemas KpucTau3anus u3 aMop(HOTo co-
CTOAHUSL. TeXHOIOIrusI HAHOCTPYKTYPUPOBAHHBIX IVIEHOK U MOKPBHI-
TN TEPMUYECKOE UCIIAPEHNE, HIOHHOE OCAXKIEHUE, OCAKICHUE U3
ra30Boi (as3pl, HIMITYJIBCHOE JEKTPOOCAKICHNE, Ta30TEPMHUECKOE
HallbUICHHE, TEPMUYECKOE PA3JI0KEHUE.

Tema 3.3. OCHOBBI HAHOTEXHOJIOTHH MOJIYIPOBOJIHUKOBBIX MaTe-
puanoB. MonekynspHoOIy4eBas dMUTaKcus. MexaHu3Mbl pocTa
HaHoIieHOK 1o onbmepy- Bebepy, @panky- Ban nep Mepae,
KpacranoBy- Ctpanckomy. Meronsl CVD u PCVD. Texnonorus
NOJTyYEeHHUS IOJTYIPOBOTHUKOBBIX KBAHTOBBIX TOYCK.

Tema 3.4. OCHOBBI TEXHOJIOTUH NTOJMMEPHBIX, IOPUCTHIX, TPyOUa-
TBIX U OMOJIOTMYECKUX HaHOMaTepuanoB. [ MOpuHbIe U cynpamo-
JIeKyJIsipHBbIe MaTepuaiibl. HaHomopucThie MaTepuabl (MOJICKYIISp-
Hble cuta). TpyOuarsie HaHOMaTepHabl. [lonMMepHbIe HAHOMATE-
puanel. HaHOMaTepuassl, moydeHHbIE METOJIOM CaMOCOOPKH.

Moay.ab 4. OCHOBHBIE MeTObI CO3AaHUSA HAHOCTPYKTYP

13

Tema 4.1. OCHOBHBIE METO/IBI CO3/JaHNSI HAHOCTPYKTYP: DJIEKTPO-
HOJUTOTpadust 1 HAHOMMITPHHTHHT, JIOKAIBHS TATAKCHS U ATIH-
TaKCHs IOBEPXHOCTHO HAINPSDKEHHBIX CTPYKTYP, caMo(opMupoBa-
HHE ¥ CHHTE3 B MaTpUIax (TEMIUTATHBIN CUHTE3), 30HIOBBIC METO-
JIbl TUTOrpaduu.

Tema 4.2. MeTo TOKaAIBHOTO 30HIOBOTO OKUCIeHuA. PU3mko- xu-
MUYECKUE OCHOBBI METO1A JIOKAIIBHOI'O 30HIOBOI'O OKUCIIEHUS.
Oco0eHHOCTH CO3aHMSI AIICKTPOITPOBOISIINX 30H/OB.

Tema 4.3. Kunernka nmpounecca JOKaAJIbHOTO 30HA0BOI'0 OKUCJICHUA
MOJIYITPOBOJHUKOB U CBEPXTOHKUX METAINIMYCCKUX IIJICHOK. MGTO,)I
(I)OpMI/IpOBaHI/IH I[PIBHGKTpH‘-ICCKOﬁ IJICHKH, MOIIy.]'IHpOB&HHOfI 1o
TOJIIUHE. Hcnons3oBanue METOJa JOKAJIBHOT'O 30HAOBOI'O OKHCIIC-
HU JJIS1 CO3AAHUA HAHOCTPYKTYP U 3JICMCHTOB HAHO3JICKTPOHUKU.

Moayab 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHUAJIOB

12

Tema 5.1. O6mas xapakrepuctuka. Kiaccuduxanus KoHCONMUIH-
POBAHHBIX HAHOMATEPUAJIOB IO COCTABY, paclpeieeHuIo 1 popme
CTPYKTYPHBIX COCTaBIISIOLIUX.

33

Tema 5.2. 3epHa, cjioH, BKIIOUYEHUS U TOPHI B KOHCOJIUIUPOBAHHBIX
HaHOMaTepHaax.

Tewma 5.3. JledexTbl, TOBEPXHOCTH pa3jieiia, IOTpaHUIHBIEC Cerpe-
rauuu. @akrop Jlebas— Yoiepa.




Tewma 5.4. CTpyKTypa MOJTMMEPHBIX, OMOJIOTHYECKUX U YTIIEPOTHBIX
HaHOMaTepuaioB. HaHonoauMepHbie, CylpaMoJIeKyIsipHbIe, HAHO-
OHMOJIOTUYECKHE U HAHOTIOPUCTBIE CTPYKTYpPbl. OCHOBHBIC THITHI
MaKpOMOJICKYJISIpHO# apxutekTypbl. Temrutatsl (madnonsr). Cy-
PaMOJIEKYJISIPHBIC CTPYKTYpPbI. TyOyIIsipHBIC U JIYyKOBHYHBIE
cTpyKTypHl. [Iporecchl caMocOOpK.

Monayab 6. ®u3nveckne cBoiicTBa HaHOMaTepuaJoB. Pazmep-
Hble 3¢ PeKTHI.

13

Tewma 6.1. Beenenne. OCHOBHBIE OCOOCHHOCTH TTPOSIBJIICHHS pas3-
MepHBIX 3()(PeKToB B HaHOMaTepuasiax. DIEKTPOHHOE CTPOCHHE
HaHoMmarepranoB. KBantosbie 23 heKThI.

0.5

Tema 6.2. ®a30Bble paBHOBECUS U TEPMOJAMHAMUKA HaHOMAaTepHUa-
JIOB.

0.5

Tema 6.3. ®OHOHHBIN CHEKTP U TEIJIOBBIE CBOIICTBA HAHOMATEpHUa-
JIOB.

0.5

Tema 6.4. IIpoBOIUMOCTD, ONITHYECKUE XaPAKTEPUCTUKH, TUIJICK-
TpUYECKas MPOHUIIAEMOCTh M TEIIONPOBOIHOCTH HAHOMATEPUAJIOB.

0.5

Tema 6.5. IlepkonsiiuoHHas MPOBOAMMOCTD U MJIA3MEHHBIHN pe3o-
HaHC B HAHOMAaTepHaJioax.

0.5

0.5

Tema 6.6. CTpyKTYpa, SJIEKTPUIECKUE U ONITHYSCKUE CBOMCTBA
IUICHOK aMOP(HHOTO aiMa30Io100HOTO YIIIepo/a, COAepKaIlnuX Ha-
HOKJIacTepsl cepedpa (a-C:H<Ag>).

0.5

Tema 6.7. CTpyKTypa, 2JIEKTPUIECKUE U ONITHUECKUE CBOMCTBA
amop¢ubix wieHok XCII, monydeHHbIX pa3HbIMU MeTogamMu. Hano-

rerepoMopdu3M aMOp(HBIX CTPYKTYP.

1.5

Tema 6.8. MarHuTHBIE CBOMICTBA HAHOMATEPHUAJIOB. JUAMarHETHKH,
napaMarHeTHKu, eppoMarHeTHKy, atudeppoMarneTuku, peppu-
MarHeTuku u ¢pepputsl. CynepnapaMarHuTHOE cOCTOsIHHE. MarHu-
TOKaJIOpHUUecKuil 3 exT.

1.5

Tema 6.9. MexaHn4eckue CBOWCTBA HAHOCTPYKTYPHBIX MaTepHa-
noB. [Ton3yyects. BsaskocTs (BHyTpeHHEe TpeHue). HeynpyrocTs.
TBeprocTh, MPOYHOCTD, TNIACTUYHOCTD, YIIPYTHUE XapaKTEPHCTHKH
HAHOMAaTEPHAJIOB.

1.5

Tema 6.10. TeopeTuyeckoe pacCMOTpEHHE MEXaHU3MOB JieopMa-
1[MM HaHoMaTepuasaoB. OCHOBHBIE PE3YJIbTATHI.

1.5

Tema 6.11. CtabunbHOCTh HaHOCTPYKTYP. PocT 3epen. Auddysus.
OO1mme 3aKOHOMEPHOCTH, pocTa 3epeH (peKpUCTaIH3alnH) B
HaHoMaTepuaiax. PeakimonHas cnocooHocTh. Katanms.

1.5

Moayasb 7. [IpuMeHeHe HAHOMATEPHAJIOB

12

Tema 7.1. Beenenue. [IpuMeHenne KOHCTPYKIIMOHHBIX, HHCTPY-
MEHTAJIbHBIX U TPUOOTEXHUUECKUX HaHOMaTepuasos. [Ipumenenue
MIOPUCTBIX HAHOMATEPUATIOB U HAHOMATEPUAJIOB CO CIIEHUAIIBHBIMU
($U3HMKO- XUMUYECKUMU CBOWCTBAMHU.

12

Hroro

16

92

108




5.2. IllpakTHyecKkue 3aHATHUS

Taoauna 5.2
Ne Homep | HaumeHoBaHHe pa3jiesia M TeMbI THCHHILTHHbI
n/n | Jekuuun
1 2 3

MOAYJIb 1. Beenenne. Uctopusi passutust HaHorexnosjoruu. Illpuopu-
TeTHbIC HANIPABJICHUA HAHOTEXHOJIOTHH. OCHOBHBIC HAYYHbIE
TEPMHUHBI H ONpeeJIeHUus

Tema 1.1. IloHATHE HAHOTEXHOJIOTUH

Tema 1.2. Pa3Burtue HaHoTexHosoruil. [IppoputeTHble HaNpaBIeHUs] HAHOTEX-
HOJIOTUU. Pa3HOBUAHOCTH HAHOMATEPUAJIOB . KOHCOJIUANPOBAaHHBIE HAHOMATE-
pUalbl, HAHOTIOIYIIPOBOJHUKH, HAHOIIOJIMMEPHI, HAaHOOMOMaTepuaisl, (ye-
PEHBI U TYOYISIpHbIE HAHOCTPYKTYPBbI, KaTaIU3aTOPbl, HAHOIIOPUCThIE MaTEepH-
aJTbl ¥ CYIIPAMOJICKYJISIPHBIE CTPYKTYpbl. HaHOYaCTHIIBI (HAHOMIOPOIIIKH).
Hayka o ManiopasmepHbIx o0bekTax (nanoscience).

Tema 1.3. EctecTBeHHBIC rpaHUIIbI PA3BUTHUS CYIIECTBYIOIIEH MHUKPOIJIEKTPO-
HUKHU. KBaHTOBBIE 5IMbI, IPOBOJIOKH U TOYKHU.

Tema 1.4. Coznanne HAHOOOBEKTOB TIO IPUHIIATIAM «CBEPXY — BHU3» H «CHHU3Y
— BBepx». DaHTacTHUECKHE BOZMOKHOCTH HAHOTEXHONIOTHH. OCHOBHBIC HAYyY-
HBIC TCPMUHBI U OIIPCACIICHUA (HaHOMaTepI/IaHI)I, HAHOTCXHOJIOI'UA, HAHO AW A~
THOCTHKA, HAHOCHCTEMOTEXHUKa). DyHIaMeHTalbHbIE POOJIEMbI HHIYCTPUH
HAHOCHCTEM.

Moay.ab 2. HaHOTeXHOJIOTHH «CBEPXY — BHH3»

Tewma 2.1. ®opMupoBaHue TBEpAOTEIbHBIX HAHOKIIACTEPOB. TBEPIOTEIHHBIC
XAMHUYECKHUE PEAKLINH.

MO)Iy.JIb 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIUIUPOBAHHBIX MaTE€pHUAJIOB

Tema 3.1. IToporikoBsie TexHomornu. Konaencauonuslii Mmetos (Metosn Ieii-
Tepa). BeicOKOsHEpreTHUecKoe u3MenbueHre. MexXaHOXUMHUYECKUI CHHTES.
[Mna3zmoxumMuueckuii cuHte3. CUHTE3 B YCIOBUAX YIAbTPa3BYKOBOT'O BO3EH-
CTBUSI. DJIEKTPUYECKUHN B3PHIB MTPOBOJIOYEK. METOIbI KOHCOMUIAIINHU. DIIEK-
Tpopa3spsaHoe criekanue. HTeHCHBHAS miacThyeckas aedopmarist (KpydeHue
110/ BBICOKHMM JIaBJICHHEM, PaBHOKAHAJIbHOE YIJIOBOE MPECCOBAHME).

Tema 3.3. OCHOBBI HAHOTEXHOJIOTUH TOJTYITPOBOITHUKOBBIX MaTepuanoB. Mo-
JEKYJSIpHOITyYeBast STUTaKCHs. MeXaHH3MBbl pocTa HAaHOTUIEHOK 110 Dombmepy-
BebGepy, @panky- Ban nep Mepse, KpacranoBy- Ctpanckomy. Metonst CVD u
PCVD. TexHonornst moxy4eHus MOJYIPOBOAHUKOBBIX KBAHTOBBIX TOYEK.

Moayab 4. OcHOBHBIE MeTObI CO31aHUS HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METOIbI CO3AAHUSI HAHOCTPYKTYP: JEKTPOHOIUTOTpadust
Y HAHOMMIIPUHTHHT, JIOKAJIbHS JIIUTAKCUA U SIIUTAKCUS TIOBEPXHOCTHO HAIpsi-
KEHHBIX CTPYKTYp, CaMOpOPMUPOBAHUE U CHHTE3 B MaTpHIaxX (TeMIUIATHBIN
CHHTE3), 30HJJOBbIE METO/IbI IUTOTpaduH.

Monayab 5. Oco6eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHUAJIOB

Tema 5.1. Ob6mas xapakrepuctuka. Kiaccuduxanys KOHCOIUIUPOBAHHBIX
HaHOMAaTEpHAJIOB [0 COCTaBY, PACHPEACIIEHUIO U (POpME CTPYKTYPHBIX COCTaB-
JSIFOIIMX..

Tema 5.2. 3epHa, cJioH, BKIIOYEHUS U TOPHI B KOHCOJIUIMPOBAHHBIX HAHOMATE-




puanax.

Tema 5.3. JleexTsl, TOBEpXHOCTH pa3jiena, MOrpaHudHbIe cerperanun. Dak-
top Jlebas— Yomnepa.

Tema 5.4. CTpyKTypa MOJMMEPHBIX, OMOJIOTUYECKUX U YTIIEPOIHBIX HAHOMATE-
puanoB. HaHonosmMepHbIe, CylpaMoIeKyJIipHble, HAHOOUOJIOTHYECKUE U
HAHOTIOPUCTHIE CTPYKTYPHl. OCHOBHEIE THUITBI MAKPOMOJIEKYIISIPHOW apXHUTEK-
Typbl. Temrutatsl (11absonsr). CynpaMoseKyssipHbie CTPYKTYpbl. TyOyssipHbIe
U JIYKOBUYHBIE CTPYKTYpHI. [Iporieccsl caMmocOOpKH.

Monayab 6. @usudeckne cBoiicTBa HaHOMaTepuaJioB. Pasmepubie 3¢ dek-
ThL.

Tema 6.1. BBenenue. OCHOBHBIE OCOOEHHOCTH MIPOSIBICHUS pa3MEPHBIX d(-
(GeKTOB B HAaHOMAaTepHaiax. DIEKTPOHHOE CTPOCHUE HaHOMaTepuasioB. KBaH-
TOBBIE () (PEKTHI.

Tema 6.2. ®a3oBEIe PAaBHOBCCHUA U TCPMOANHAMUKA HAHOMATCPHAJIOB.

Tema 6.3. @OHOHHBIN CHEKTP U TEIUIOBbIE CBOMCTBA HAHOMATEPUAJIOB.

Tema 6.4. IIpoBOAMMOCTB, ONITUYECKHE XapPAKTEPUCTUKH, AUIIEKTPUYECKAs
IPOHMIIAEMOCTh M TEIIONPOBOAHOCTh HAHOMATEPHAJIOB.

Tewma 6.5. [leprossiiinoHHast TIPOBOJUMOCTH U IJIA3MEHHBIN pe30HAHC B HAHO-
MaTepuanoax.

Tema 6.6. CTpyKTypa, 2JIEKTPUICCKUE H ONTHICCKUE CBOMCTBA IJICHOK aMopd-
HOT'O aJIMa30I0I00HOT0 YIIIepoa, COAEpIKAIMX HaHOKIacTephl cepebpa (a-
C:H<Ag>).

Tema 6.7. CTpyKTypa, SIEKTPUUYECKUE U ONTHUYECKHE CBONCTBA aMOP(PHBIX
mieHok XCII, momyueHHbIX pa3HbiMU MeTofamMu. Hanorerepomopduszm

aMOP(HBIX CTPYKTYD.

Tema 6.8. MarHuTHbIe CBOMCTBA HAHOMATEPUAJIOB. JUAMATrHETUKH, IIapamar-
HETHKH, (eppOMArHeTHKH, aTU(PeppOMarHeTukuy, heppuMarHeTuku u peppu-
Thl. CyneprnapaMarHuTHOE cocTossHue. Maruutokanopuueckuit 3¢ dexr.

Tema 6.9. Mexannyeckue cBOWCTBa HAHOCTPYKTYPHBIX MaTepuasioB. [lon3zy-
4ecTh. BsiskocTh (BHyTpeHHee TpeHue). Heynpyrocts. TBepaocTh, IPOYHOCTS,
TUTACTHYHOCTD, YIPYTHE XapaKTePUCTUKH HAHOMATEPHAIIOB.

Tema 6.10. TeopeTnueckoe pacCMOTpPEHHE MEXaHU3MOB iehopMaIii HaHOMa-
tepranoB. OCHOBHBIE PE3YJIbTaTHI.

Tema 6.11. CrabmiibHOCTh HAaHOCTPYKTYp. PocT 3epen. duddysus. Oduue 3a-
KOHOMEPHOCTH, pocTa 3epeH (peKprcTajuIN3aii) B HaHOMaTepuanax. Peak-
IIMOHHas criocobHocTh. KaTtanus.

Mopayas 7. [IpumeHeHre HAHOMATEPHAJIOB

Tema 7.1. Beenenue. [IpuMeHenne KOHCTPYKIIMOHHBIX, MHCTPYMEHTAIbHBIX U
TpUOOTEXHNYECKMX HaHOMAaTepHasioB. [I[pruMeHeHne NopuCThIX HaHOMaTepHua-
JIOB ¥ HAHOMATEPUAJIOB CO CIIEHUAIBHBIMU (PU3UKO- XMMUYECKHMHU CBOWCTBA-
MH.

6. OOpa3oBaTe/ibHbIE TEXHOJIOTUH

7. YYEBHO-METOJNYECKOE OBECIHEYEHUE CAMOCTOSTEJIbHOM
PABOTBI CTYJAEHTOB. OHEHOYHBIE CPEACTBA U1 TEKYIIEI'O
KOHTPOJISI YCIIEBAEMOCTH, TIPOMEXYTOUYHOM ATTECTAIIUH
ITIO UTOI'AM OCBOEHMSA JUCHHUITVINHBI
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HexoTopbie TeMbI BBIHOCATCS HAa CAMOCTOSITENBHOE U3yueHHe. M3yueHue 3Tux BOIpOCOB

BO3MOKHO C HUCIIOJIb30BaHHEM 3J'I€KTpOHHBIfI KypC AUCHUIUIMHBI, HAIIMCAHHOI0O CaMHUM aBTOpPOM

[TepedyeHn TeM, BBIHOCUMBIN ISl CAMOCTOSITEILHOM pabOTHI MpeAcTaBieH B Tabauie 7.1.

(A.X Marwues).
7.1. Ilnan caMoCTOSITeIbHOI PadoThI CTY1€HTOB
Ta6auna 7.1
Bun Pexomennyemas | Komu-
Ne Tema caMocTosl- | 3ajanue JuTeparypa YECTBO
HEl. TEJIbHOMN 4acoB
paboThI
. DOpMHUpOBaHHE TBEPAOTEIBHBIX H U3YUUTh | DNEKTPOHHBIN KypC
HaHOKJIacTepoB. TBepaoTenbHble XU- | Hancanue TKC
1 MHUYECKHE PEAKIUH. KOHCIIEKTa (A.X Marues). 4
O6mas xapakrepucruka. Kiaccugu- H U3YUUTh |DNEKTPOHHBIN Kype| 4
Kalus KOHCOJIUIMPOBaHHBIX HaHOMA-| Hanucanue TKC
TEPHUAJIOB 10 COCTABY, paclpeseiie- | KOHCIIEKTa (A.X Matues).
HUIO U GopMe CTPYKTYPHBIX COCTaB-
JSFOUTHX.
3 | ®a30Bble paBHOBECHS U TEPMOJIUHA- H U3YYUTh |DNEKTPOHHBIN Kype| 4
MHKa HAHOMAaTEPHUAIOB. Hanmcanue TKC
KOHCIIEKTa (A.X Matues).
CrpykTypa, 2JIEKTpUYECKUE U ONTH- H U3YYUTH |DNEKTPOHHBIN Kype| 4
3 |deckue cBOiCTBa IIeHOK amopdHoro| Hammcanue TKC
aJIMa30I10100HOTO yIIIepoa, CoJlep- | KOHCIEKTa (A.X Matues).
YKaIIMX HAHOKJIaCTePHI cepedpa
(a-C:H<Ag>).
MaruuTHbIE CBOMCTBAa HAHOMATEpHa- H M3YYUTH | DIEKTPOHHBIN KypC 4
4 |nmoB. TMaMarHeTUKH, MapaMarHeTuku,| Hamucanue TKC
dbeppoMarHeTuku, aTueppomMarte- | KOHCIIEKTa (A.X Marues).
TUKHUH, (PepPUMArHETUKH U (HEePPUTHI.
CynepnapamMarHUTHOE COCTOSIHUE.
MarsuTokagopuyeckuii 3 pexT.
Beenenue. [IpumeHeHre KOHCTPYK- H W3YYUTh | DJIEKTPOHHBIN Kype| 4
5 LUOHHBIX, MHCTpYMEHTAJIbHBIX U | Hanncanue TKC
TPUOOTEXHUYECKUX HAHOMATEPHAJIOB.| KOHCIIEKTa (A.X Matues).
[IpumeHeHne MOPUCTHIX HAHOMATE-

pyuaioB 1 HAHOMATEPHAJIOB CO CIIC-

[UATBHBIMU (PU3UKO- XUMUYECKUMU
CBOWCTBaAMHU.

7.2. MeToanyeckue yKa3aHHUs 10 OPraHU3alUH CAMOCTOSATE/IbHOI padoThl CTY/1eHTOB
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CTyaeHT, UCTIOB3Ys JIEKTPOHHOE yueOHOe Moco0ue, a TaKKe BY30BCKUM yueOHUK 1m0 Mo-
JEKyIsApHOW (U3MKE W TEPMOIMHAMHKE HM3y4daeT NAHHBIA MaTephall U COCTaBISET KOHCIEKT
KOHCIICKTHI B IOMAIIIHUX yCJIOBHSIX.

7.3. KoHTPO/Ib 0CBOEHUSI KOMIIETEeHIN

Tabmuma 8.1
Ne Komnerennum,
n\i Bun xontpons Kontpomupyemsie Temsr (MO/IYJIN) KOMIIOHEHTBI KOTOPBIX
KOHTPOJIUPYIOTCS
1 [IpoBepka Mopyns 2. HanoTexHosoruu
KOHCIIEKTOB «CBEPXY — BHHU3» VK-1
2 ITpoBepka Monyib 3. OCHOBBI HAHOTEXHOJIOTUU
KOHCIIEKTOB  [KOHCOJIUIUPOBAHHBIX MaTEPUAIIOB VK-1
3 ITpoBepka Monyib 4. OcHOBHBIE METO/IbI CO3JaHUS
KOHCIIEKTOB  [HAHOCTPYKTYD VK-1
[TpoBepka Monyib 5. OcoOEHHOCTH HAHOCTPYKTYpPBI
KOHCIIEKTOB  [HAHOMATEpHaJIOB VK-1
IIpoBepka Monyib 6. ®usznyeckue CBOWCTBa HAHO-
KOHCIIEKTOB  [MaTepHajioB. PazmepHbie 3 EeKTHI. VK-1
IIposepka Monyns 7. [IpuMeHeHre HaHOMaTepualoB
KOHCIIEKTOB VK-1

7.4. IIporpamMmmHoe ol0ecnieyeHune
Microsoft Windows 7, Windows 8, Windows 8.1, Windows 10
Microsoft Windows server 2003, 2008, 2012, 2016

Antusupycnoe [10 Kaspersky endpoint security

1
2
3. Microsoft Office 2007, 2010, 2016
4
5

CrnpaBouHo-nipaBoBas cucreMa “I'apant”
6. Onepannonnas cucrema Microsoft Windows XP Professional.

7. Ilaket npuknamueix nporpamm Microsoft Office 2003 Professional.

8. IIporpammusIil npoaykT «AHTHBUpPYC Kacniepckoroy.

9. Ilporpammusrii mpoaykT FineReader 7.0 Professional Edition.
10. ITporpammusiii npogykt MATLAB 6.

11. CnoBapu ¥ SHIUKIIONEINN Ha AKageMuKke [ DIeKTpoHHbIH pecype] / Akagemuk. — URL:

http://dic.academic.ru.

12. DnexrpoHHo-OmbOnMoTeuHast cucrtema I[PRbooks

[DnexTponnbiii  pecypc]. — URL:

http://www.iprbookshop.ru.— Jloctyn k cucreme coryacHo mpaBwiam DBC u goroBopom

yauBepcurera ¢ ObC.

7.5. MaTtepuajnbHO-TeXHHYeCKoe o0ecrevyeHue



http://dic.academic.ru/
http://www.iprbookshop.ru/
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MatepuanbHO-TEXHHUECKOE OOecTieueHrne yaeOHOoro mpoliecca 1mo JUCIHUILINHE Ompee-
JICHO HOPMATHUBHBIMHU TPEOOBAHUSIMH, PETIAMEHTHPYEMBIMHU MPHKa3oM MuHHCTEpCTBa 00pa3o-
BaHus M HayKu PD Ne 986 ot 4 okTs16pst 2010 r. «O0 yrBepkaeHnn GeaepaibHbIX TPEOOBaHUHN K
00pa30BaTeNbHbIM YUPEXKIACHUAM B YaCTU MUHUMAJIbHON OCHAIIEHHOCTH Y4eOHOro mpoiiecca u
o0opymoBaHusi y4eOHBIX TMOMeEIIeHUI», DenepalbHbIM TOCYJapPCTBEHHBIM 00pa30BaTEIIbHBIM
CTaHJApPTOM BBICIIETO 00pa30BaHUS IO HAMPABIICHUIO TTOJITOTOBKH.

Jliis mpoBeieHUsT BCeX BUAOB YUEOHBIX 3aHATHH MO TUCHUILUIMHE M 00ecriedeHHs] HHTEep-
AKTUBHBIX METOAOB OOy4YeHHS, HEOOXOUMBI CTOJIbI, CTY/bs (Ha TPYIILY MO KOJIMYECTBY MOca-
JIOYHBIX MECT C BO3MOKHOCTBIO PACCTAHOBKHU IS KPYTJIBIX CTOJIOB, TUCKYCCUM, MpOYEE); JOCKa
WHTEpPaKTUBHAs C pabO4YrM MECTOM (MYJIbTUMEIUNHBIM MPOEKTOP C PKpPaHOM U paboyuMm Mme-
CTOM); JKeJlaTeJIeH JOCTYI B HH()OPMAIIMOHHO-KOMMYHHUKAITMOHHYIO ceTh «IHTepHeT.

B cootBercTBue ¢ TpeboBanusmMu OI'OC BO mnpu peanuzanuu HACTOSIICH TUCIUATIAHBI
OIIOIT BO HeoOXoamMoO TakKe YYHTHIBaTH 0Opa3oBaTelbHBIC MOTPEOHOCTH OO0YYArOIIUXCS C
OTPaHUYCHHBIMH BO3MOXKHOCTSIMH 3JIOPOBBSI, 00€CIIEUHBATh yYCIOBHS I MX 3PPEKTUBHOM pea-

JIn3anurn, a TaAaK:KEC BO3MOXKHOCTH 6€CHp€H5{TCTBeHHOFO AOCTYIIa o6yqa}oumxc51 C OI'paHUYCHHBI-

MH BO3MOXKHOCTSIMH 3/J0POBBsI K 00BbEKTaM HHPPACTPYKTYPBI 00pa30BaTEIbHOTO YUPEKACHHS.

Hcropus u meto-
JIOJIOTHUSI HAYKU U
TEXHUKHU B 00J1a-

CTH DJIEKTPOHHUKH

Aynutopust Ne 303.
Crnenmanu3upoBaHHas yueOHast MeOeb
JUISL 00yYarONIUXCs ¥ PETo1aBaTelis;
TEeXHHYECKUE CPEICTBA 00yUeHHUS (KOM-
MBIOTEpHAs TEXHHUKA, JOCKA, MYJIbTUME-
JitHOEe 000pYIOBaHHE: UHTEPAKTUBHAS
JIOCKa, TIPOEKTOP); AOCTYI K HH(POPMAIIH-
OHHO-TEJICKOMMYHHKAIMOHHOU ceTu MH-
TEPHET; y4eOHO-METOANIECKHE MaTepra-
JIBL.

386132, Pecriybnuka UarymeTws,
r.0. ropoj Hazpans, r.Ha3pans,
Tep. 'amyp3ueBckuil agMUHUCTpA-
THUBHBIN OKpPYT, yi1. Maructpainb-
Has, 1. 39«a».

Ayn. Ne303.

Inomans 71.6 M°

386132, Pecriybnuka UuarymeTws,

r.o. ropoq Hazpans,r.Ha3pans, Tep.

I'amyp3ueBckui aIMUHUCTPATHB-
HBII OKpYT, yi1. MarucrpanbHasi, [I.
39«a»

Ayn. Nell6.

IInomans 36, M’

Jas1 camocTosiTe/IbHOM padoThl 00y4a-
wiuxcs. AyauropusiNe 116: paboune
MecTa JijIsl 00yJaroIuXcs, TEXHUIECKUE
cpenctBa o0ydeHus (HOyTOyK, TOCKa),
JOCTyT K cetd HTepHeT, yueOHo-
METOJAMYECKHE MaTEPUAITBI, STICKTPOHHBIE
00pa3oBaTebHbIE PECYPCHI.
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IIpuiaoxenune
®OH/J OHEHOYHBIX CPEJICTB
8.1. IlpumepHbIii mepeyeHb BONMPOCOB, BLIHOCUMBIX HA IK3aMeH

IToHsiTHE HAHOTEXHOJIOTUU.
Pa3BuTre HaHOTEXHOJIOTUH.
[IpuopureTHble HapaBIEHUs] HAHOTEXHOJIOTHH.
Pa3HoBHMIHOCTH HAHOMATEPHUAJIOB!
KOHCOJIMIMPOBAaHHbBIE HAHOMATEPUAJIbI,
HaHOTOJIYIIPOBOTHUKH,
HaHOIOJIUMEPHI,
HaHOOMOMaTepuabl,
dyinepeHsl U TyOYIsIpHbIE HAHOCTPYKTYPHI,
. KaTajuu3aTopsl,
HaHOIOPUCTHIE MAaTEPHUAJIBI U CYITPAMOJIEKYJIIPHBIE CTPYKTYPBI.
. HanouacTtuibl (HaHOIIOPOIIIKH).
Hayxka o manopa3smepHbix o0bekTax (nanoscience).
. EcTecTBeHHbIE rpaHUIIbl pa3BUTHS CYIIECTBYIOIICH MUKPOJICKTPOHUKH.
. KBanTOBBIC SIMBI, TPOBOJIOKU U TOUKH.
. Co3nanrie HAHOOOBEKTOB MO MPUHIIUIIAM «CBEPXY — BHU3)» U «CHU3Y — BBEPX).
. @aHTaCTUYECKHE BOZMOKHOCTH HAHOTEXHOJIOTHH.
. OCHOBHBIE Hay4YHbIC TEPMHHBI U OTpeieeH s (HaHOMaTepHasbl, HAHOTEXHOJIOTHS,
HAHOIHArHOCTHKA, HAHOCHCTEMOTEXHHKA).
dyHaaMeHTaNbHbIE TPOOIEMbl HHAYCTPUU HAHOCHUCTEM.
®opMUpOBaHUE TBEPAOTEIbHBIX HAHOKIACTEPOB. T
BEPAOTEIbHBIE XUMHUYECKUE PEAKITUH.
MexaHOXMMHYECKUE TTPEBPAILICHHUS.
Y 1apHO- BOJTHOBOM CHHTE3.
HanoctpykTypupoBanue 1o A€HCTBUEM JABICHUS CO CABUTOM.
HanoctpykTypupoBanue myreM KpUCTAJUIM3AUN aMOP(HBIX CTPYKTYD.
KommnakTupoBanue (KOHCOIUIAIHS) HAHOKIIACTEPOB.
[MTopormikoBeie TexHonoruu. Konaencanuonnsiii meron (Meron [netitepa).
BricokodHEpPreTHYECKOE U3MENIBUCHUE.
MexaHOXMMUYECKUI CUHTES.
[1na3MOXUMHUYECKUI CUHTES.
CuHTE3 B YCIOBUSX YIBTPa3BYKOBOI'O BO3JEHCTBUS.
DIIEKTPUYECKHI B3pPBIB IIPOBOJIOYEK.
MeToabI KOHCOTHTAIINH.
DIEKTPOpa3psAIHOE CIIEKaHUE.

WureHcuBHas utacTyeckas aedopmaiiust (KpydeHHe Mo BICOKHM JaBJICHUEM, PaBHO-
KaHaJIbHOE YIIIOBOE MTPECCOBAHHME).

KonTponupyemas kpuctanauzanus u3 aMop(pHOTro COCTOSTHUS.

TexHOoI0rus HAHOCTPYKTYPUPOBAHHBIX IIJICHOK U IOKPBITUN . TEPMUYECKOE UCTIAPECHHUE,
MOHHOE OCaX/IEHUE, OCAXIECHUE U3 ra30BOH (asbl.

. IMIysbCHOE 2JIEKTPOOCaXKACHUE,
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ra3oTepMHUYECKOe HaIlblJICHHE,

TEPMHUUYECKOE Pa3JI0KEHUE.

OCHOBBI HAHOTEXHOJIOTHH ITOJIYIIPOBOIHUKOBBIX MAaTEpUAJIOB.
MonekyapHOaydeBas SIMUTAKCUSL.
Mexanu3Mbl pocta HaHOIUIeHOK 1o Donpmepy- Bebepy, @panky- Ban nep Mepse,
KpactanoBy- CtpaHnckomy.
Meronsr CVD u PCVD.
TexHoorus MoJIy4eHus MOJIyIPOBOIHUKOBBIX KBAHTOBBIX TOUEK.
OCHOBBI TEXHOJIOTUH MTOJIMMEPHBIX, TOPUCTHIX, TPYOUaTHIX U OMOJIOTMYECKUX HAHOMATE-
pHaJIoB.
['nGpuaHble U CynpaMoseKyIsipHble MaTepHallbl.
Hanonopucteie Matepuaiibl (MOJICKYIISIPHBIC CUTA).
TpyOuarele HaHOMaTEpHAIBL.
[ToumepHbIE HAHOMATEPUAJIBI.
Hanomarepuaisl, OIy4eHHbIE METOI0M CaMOCOOPKHU.
OcHOBHBIE METO/IbI CO3JaHUSI HAHOCTPYKTYP: 3JIEKTPOHOJIUTOrpadusi 1 HAHOUMIIPUH-
THUHT, JIOKAJIbHS 3MUTAKCHsI U AIUTAKCUS IOBEPXHOCTHO HAINPSKEHHBIX CTPYKTYP, CaMo-
(GopMupOBaHKE U CHHTE3 B MaTpuliaX (TEMILIATHBIA CUHTE3), 30HI0BBIC METO/IbI JIUTO-
rpadumu.
MeTto/1 T0KaIbHOTO 30H0BOIO OKUCIIEHHUS.
DU3UKO- XUMUYECKHE OCHOBBI METO/Ia JIOKAJIbHOI'O 30H/I0BOI'O OKUCJICHUS.
Oco0eHHOCTH CO3AaHMsI AIEKTPOIPOBOASILINX 30HI0B.
Kunetuka mporecca JIOKaJIbHOTO 30H0BOTO OKUCICHHS ITOJYITPOBOJHUKOB U CBEPXTOH-
KHUX METAJUIMYECKUX IJICHOK.
Meron hopmMupoBaHus AUIIEKTPUIECKOM MIICHKH, MOAYIMPOBAHHON IO TOJIUHE.
Hcnonb30BaHne MeTO1a JIOKATHHOIO 30HA0OBOIO OKUCIIEHUS AJIsi CO3/1aHUS HAHOCTPYK-
TYp ¥ 2JIEMEHTOB HAaHOZJIEKTPOHUKH.
O6mas xapakrepuctuka. Kiaccuukanusi KOHCOINIUPOBaHHBIX HAHOMATEPHUAJIOB 110
COCTaBY, pacnpeAeeHuI0 U (opMe CTPYKTYPHBIX COCTABIISIOIINX.

3epHa, 10U, BKJIIOUEHUS U MOPbI B KOHCOJIMIUPOBAHHBIX HAHOMAaTEepHallax.
JleexThl, MOBEpXHOCTH pa3jiena, MOrpaHUYHbIE CErperamnuy.
®axrtop ebas— Yomnepa.

CtpyKTypa MoJIMMEpHBIX, OMOJIOTUYECKUX U YIIIEPOIHBIX HAHOMATEPHAIIOB.
HanononumepHsle, cynpamoseKyIsipHble, HAHOOMOJIOTHUECKUE U HAHOIIOPUCThIE CTPYK-
TYpHI.
OcHOBHBIE TUIIBI MAKPOMOJIEKYJISIPHON apXUTEKTYPBHI.
TemmuiaTs! (11a0I0HBI).
CynpaMoseKysipHbIE CTPYKTYPBHI.
TyOynsipHbIE U TyKOBUYHBIE CTPYKTYPBHI.
[Tporneccel caMOCOOpPKH.
OcHoBHbBIE 0COOEHHOCTH MPOSIBICHUS pa3MePHbIX 2 (HEKTOB B HAHOMAaTepHasax.
DNEKTPOHHOE CTPOEHNE HAHOMATEPHUAJIOB.

KBanrtoBbie 3¢ pexThl.
®a30BbIe PABHOBECHS U TEPMOJAMHAMUKA HAHOMATEPUAJIOB.
QDOHOHHBIN CIIEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPHAJIOB.
ITpoBOAMMOCTE, ONITUYECKUE XAPAKTEPUCTUKH, TUIIEKTPUUECKAsI IPOHUIIAEMOCTD U TETl-
JIOTIPOBOJTHOCTH HAHOMATEPHAJIOB.
[TepkonsAmoHHast MPOBOAMMOCTD U INIA3MEHHBIN PE30HAHC B HAHOMATEpUaIaXx.
CtpyKTypa, 2JIeKTpUYECKHE U ONTHYECKHE CBOMCTBA IJIEHOK aMOP(pHOTro aamMa3omnoo0-
HOTO yIJIepo/a, CoJepKaIMX HaHOKIacTephl cepedpa (a-C:H<Ag>).
CTpyKTypa, 2JIEKTPUIECKUE U ONTHYECKHE CBOMCTBAa aMOp¢HBIX MieHoK XCII, momyden-
HBIX pa3HbIMU MeToaMu. Hanorerepomopdusm aMop(HBIX CTPYKTYP.
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MarHuTHbIe CBOCTBa HAHOMATEPHAJIOB. HaMarHEeTHKH, TapaMarHeTHKH, peppomarue-
TUKH, aTU(EpPPOMArHeTUKUH, (PepPUMArHETUKH U (PEPPUTHI.

CymneprnapaMarHUTHOE COCTOSTHHE.

MarsuTokagopuyeckuit 3pPexT.

MexaHHUeCKue CBOMCTBa HAHOCTPYKTYPHBIX MaTE€PHAJIOB.

[Ton3yuects.

Bsi3kocth (BHYTpEHHEE TPEHHE).

Heynpyrocts.

TBeprocTs,

MIPOYHOCTB,

TUTACTUYHOCTB,

YIPYrHe XapaKTepPUCTHKH HAaHOMAaTEePUAIIOB.

MexaHu3mbl geopMalii HAHOMaTEPUAIIOB.

CTabuIbHOCTh HAHOCTPYKTYD.

Poct 3epen. uddysus.

OO11e 3aKOHOMEPHOCTH, POCTa 3epeH (PEKPUCTATU3AIMK) B HAHOMAaTEepHasax.
PeakimonHas ciocoOHOCTB.

Karanus.

[TpuMeHeHHEe KOHCTPYKIIMOHHBIX, HHCTPYMEHTAILHBIX U TPUOOTEXHUUECKUX HaHOMATe-
pHaoB.

[TpuMeHeHHe TOPUCTHIX HAHOMATEPUATIOB 1 HAHOMATEPUAIIOB CO CIICIUATLHBIMU (U3U-
KO- XHMUYECKHMH CBOMCTBAMH.

9. YYEBHO-METOANYECKOE OBECIIEYEHME JUCHUIIJIMHBI
9.1. MeToanyecKkue peKOMeHIAMH CTYAeHTaM

«Hanocucremsl. MeToabl MOJIYUCHUA U CBOMCTBa» COOOM 06H_II/IpHy1-O, MHOTOAUCIUILIN -

HAapHYIO U JIOBOJIBHO CIIOKHYIO 00J1acTh 3HaHWU. [loaTOMY, 4TOOBI HOHECTH MaTepual 10 CTY-
JIeHTa, HEOOXOMMO YAENATh 0c000€ BHUMaHUE CUCTEMaTUYHOCTH, HATJISAHOCTU U JIOCTYITHOCTH
u3noxkeHus. B Hacrosee BpeMs (pakTHUECKH CYHIECTBYET Majo Y4eOHUKOB U 1OCOOUH MO JaH-
HOM qucuuiuinHe. [1oaToMy OCHOBHAs Harpyska JIOXKHUTCS Ha JIEKUMH. [ u3ydeHus CTyAeHTa-
MU JIaHHOTO Kypca B MPUHIUIE JTOCTATOYHO 3HAHUE Kypca o0Iiel (U3MKH U OCHOB KBAaHTOBOI
MEXAHUKHN TEPMOJINHAMUKH.

Tak kak y4eOHUKOB M y4eOHBIX MOCOOMH MO JaHHOW IHCUUIUIMHE OYEHb Maylo, TO OC-

HOBHAsl Harpy3Ka JIOKUTCS Ha JICKIUU U UX KOHCIIEKTUPOBaHME. /[ TOMONHUTENBHOIO U3yye-
HUS ¥ CAMOCTOATEIbHON pabOThI MpeIaraeTcsl UCIOJIb30BaTh PEKOMEHIYEMYIO JTUTEPATypy.

1.

VI. PEKOMEHAYEMAS JIUTEPATYPA
OcHoBHas1 JInTepaTypa

A.X. Marues. TepmoauHamMuKa MOJIYIPOBOIHUKOBOTO MaTepuaioBeeHusl. Y4eOHoe 1mo-
cobue MaructpoB crnenuanbHocTH «@Pusuka». - Marac:, Uarl'yY, 2021 223 c.: un.66.
https://disk.yandex.ru/i/FBafHQC11tGn7A

B. Jlyunnun «Hanounmyctpusi — 6a3uc HOBOW SKOHOMUKH» [leTepOyprckuii >kypHam
anekTpoHuku, Ne3 , 2003 r.

Bonbmiol sHimkionenuueckuid ciosapb noa.pen. A.M. IlpxopoBa MockBa «bosbias
Poccuiickas snuuknoneaus», Cankr-Ilerepoypr «Hopunty», 1997 r.
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Pabouas mporpamma aucuurnHbel «HaHocucTeMbl. MeToapl MONTYYCHHSI U CBOHCTBa»
cocTaBiieHa B cooTBeTcTBHM ¢ TpeboBanusamMu @I'OC BO mo HamnpaBiIeHHIO TOATOTOBKH (Maru-
ctparypa) 03.04.02. ®usuka. HanpaBneHHOCTh (npoguns noocomosku @Quszuka noaynposooHu-
K08), YTBEP)KIAEHHOT0 MPUKa30M MHHHUCTEPCTBAa 00pa3oBaHus B HayKu Poccuiickoit denepariyu
ot «07» 08 2021 1. Ne 914.

[Tporpammy cocraBmit: npodeccop kadpeapsl «dusuka» MatueB A.X.

[Tporpamma oobpeHa Ha 3acenanuu Kadeapsl «Pu3nka»
ITpoTokon Ne 11 ot «27» anpens 2026 rona.

[Tporpamma ogo0peHa YueOHO-METOAMUECKON KOMHUCCHEH (PU3HKO-MaTeMaTHIECKOTo (haKyibTeTa
[Tporoxoin Ne 6 ot «28» anpenst 2026 roaa.
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CgeeHusi 0 nepeyTBep KIeHUN MPOrpaMMbl HA O4YepPeIHO yUeOHbIN IroJ U perucrpa-
UM U3MEHEeHU I

pens 2026 rona.

KaK TIPHIOKEHUE.
[Iponrcanbl UHIUKATOPHI TIOCTHKE-
HUE KOMITeTeHIIMH (3HATh, YMETh,
BIIAJICTh)

YyeOHsblii Pemenue kaden- BHecennnie namMeneHus [Toanucek 3aB. kaden-
roa pbL poit
(Ne mporokoa, 1ata)
2026-2027r.] Ne 11 ot «27» an-| DOHJI OIICHOYHBIX CPEJICTB yKa3aH




