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1. HEJIU OCBOEHUSA JUCHUITJIMHBI

]_[CJ'IHMI/I OCBOCHH AUCHMIUIMHBI SABJIAIOTCA. IIOJIyYCHHE CBC,I[GHPIFI 1 0a30BBIX 3HAHUI O
HAaHOCHUCTEMAX, IIPUHIUIIAX (bOpMI/IpOBaHI/IH CTPYKTYpbl HAHOCUCTEM, B TOM 4YHCJIC, OJIsI MHOI'O-
KOMIIOHCHTHBIX CUCTEM H (1)1/1314%01(0171 CYHOIHOCTH HBJ'IGHI/II‘/'I, MPOUCXOJAIINX B HAHOCUCTEMAX Ha
OCHOBC IMPHU3HAHHBIX IMOJIOKCHU I TCOPHUU U NPAKTUKU, KOTOPBIMU HOJIKHBI PYKOBOACTBOBATLCA
MarvuCTpaHThbl, IpHU UCCIICAOBAHUN U UHTCPIPECTAIUN CTPYKTYPHI 1 CBOMCTB HaHOCHCTEM.

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPBI

Hucuunnuna «Hanocuctembl. MeTosibl MOMy4YeHUS] U CBOWCTBa» BXOJUT B MAaKeT IUCIU-
e 61oka b.0B.05, dopmupyromux ¢yHmamMeHTaibHOe 00pa3oBaHWe MAaruCTPOB 110 HAINpaB-
neanto 03.04.02 dwusuka. I[Ipodpuns «Pusmka moxynpoBOJHUKOB». B Tabm. 2.1 mpuBemeHs
Ha3BaHUS MPEJAMETOB M Pa3JesioB, KOTOPhIE HEOOXOAUMO YCBOWUTH Uil M3YYEHUS AUCIUTUINHBI
«TepMonnHaMIKa KOHJCHCUPOBAHHBIX CPEID.

Jucnuninuna «Hanocucremsl. MeTonbl NOJIy4eHUSI U CBOMCTBA» SIBJIAETCS OCHOBHOM IS
M3YYEeHUS AUCUUILTUHBI «DU3HKa MOIYHIPOBOJIHUKOBBIX MPUOOPOBY, KOTOPHIE YUTAIOTCS Mapal-
JINIbHO WJTK TI033Ke.

JlanHast qUCHMILIMHA MIPU3BaHa BeIpabOTaTh MpodeccnoHanbHble KOMIETEHINH, CBA3aHHbBIE
CO CIIOCOOHOCTBIO UCMOJB30BaTh TEOPETUUECKUE 3HAHUSI B 001acTu o0miei (Hu3uKu, KBAHTOBOU
MEXaHUKH, TEOPETUICCKON (U3NKH, aTOMHON (PU3HMKH, CTATHCTUYECKON (DM3UKU IS pEIlIeHUs
KOHKPETHBIX NMPAKTHYECKHUX 337a4 Ha IpuMepe GU3NKH HAHOCHCTEM.

MarucTpaHTbl, U3ydaloliue TaHHYIO TUCIHIUIMHY, JOJDKHBI UMETh CBEIEHUS W 0a30BBIE
3HAHUS O CTPYKTYpE KPUCTAILUTMIECKUX CHCTEM, TUTIAX CBSA3bh aTOMOB B KOHJICHCHPOBAaHHBIX Cpe-
JlaX, CTPOEHUHU aTOMOB M MOJIEKYJI B 00beMe 3HaHUM Kypca o01iei pU3nKu, KBaHTOBONH MEXaHH-
K{, CTATUCTHUYECKUX 3aKOHAX paclpeJieieHus], 3aKOHaX COXPAaHEHMs SHEPrHH, UMIYJIbCa U MO-
MEHTa UMITYJIbCa, OCHOBAX KBAHTOBOT'O OIMCAHMS YaCTHII.

JlaHHas TUCHMITIIMHA sBJISeTCs 6a30BOM Ui U3yUeHHs AUCUUIUINH: «PU3UKa MOJITYyTIPOBO-
HUKOB», «®DH3MKa MOIYNPOBOJIHUKOBBIX MPUOOPOBY», «PUZNKO-XMMHUYECKHE OCHOBBI TEXHOJIO-
THH TTOJYTIPOBOTHUKOBBIX MaTepHAIIOB», MaTepuaibl 3JeKTPOHHON TEXHUKH.

B Tabn. 2.1, 2.2 npuBeneHsl Ha3BaHUs MPEIMETOB M Pa3/eioB, KOTOPhIE HEOOXOIUMO
YCBOUTB JUTSI U3YYEHUS TUCIUIUTHNHBI « HanocucTembl. MeTo b IOTYYEeHUS U CBOMCTBaY.

CBs3b UCHUIIMHBI «DHU3HKA) ¢ NPeIIeCTBYOIIMMHA JUCHUNIMHAMUA
nu CpOKI/I 170,96 nsyqemm
Taoaunua 2.1

Jucuunnuuel, npeamecTpyomue nucuuminie «Hanocuctemsl. MeToabl onyyeHus u
CBOUCTBa»

By3zoBckuii kypc ¢puzuku

TCpMOI[I/IHaMI/IKa KOHACHCHUPOBAHHBIX ITOJIYIIPOBOJIHUKOB

I/ICTOpI/I}I U MCTOOOJIOTUS HAYKU U TCXHUKU B obiactu OJICKTPOHHUKHN

AIWIN|F

DU3HUKO-XUMHUYECKHE OCHOBEI TEXHOJIOTUH MOJIYIIPOBOJAHUKOBBIX MATCPUAJTIOB




Css3pb aucuunanabl « HanocucreMbl. MeToabl MOJIYYCHUA U CBOMCTBA)» CO CMEKHbI-

MU JUCHUILVIMHAMHA

Taauna 2.2
JucummimHa Paznenpl, 3HaHKE KOTOPBIX HEOOXOAUMO IIPU U3YYEHUH JUCLUILUIMHBI
®dusuka OcCHOBHBIE MOCTYJIAThl U TOJOXKEHUSI KBAHTOBOW TEOPHUM; TYHHEJIbHBIN
KOHJIEHCUPOBAHHOTO | 3()(eKT; CTPOEHUE aTOMa U CBA3b C MEPHUOJUUECKON CHCTEMON 3IIeMEH-
COCTOSIHMS TOB MeHeneeBa; BBICOKOTEMIIEpATypHasl CBEPXIIPOBOAMMOCT U IIPO-
CTEHIIINE YCTPONCTBA HA €€ OCHOBE
dusnyeckue OcHOBBI (PM3HMKH BaKyyMa, Tejla; IPUHIUIBI K METO/Ibl €T0 MOTyUYSHHUSL.

OCHOBBI BaKyyMa

duzuka
MOJIYIIPOBOIHUKOB

TCOPCTI/I‘ICCKI/IG OCHOBBI (1)I/IBI/IKI/I IIOJIYIIPOBOAHHUKOB, KBAHTOBBIC 00BsIC-
HCHHA BCCX MPOLCCCOB IMPOUCXOAAIINX B HUX IPU BHCHIHHUX B03H€I>'I-
CTBHAX. KJ'IaCCI/I(l)I/IKaI_II/Iﬂ TBECPAbIX TCJI HA MCTAJUIBI, IMOJYIIPOBOAHUKU U
AUDJICKTPHUKHU; OCHOBHBIC JJICKTPUYCCKUC, MAIHHUTHBIC W OIITUYCCKHC
CBOMCTBA TBEPAbIX TCJI, MCXaHU3MBbI IIPOTCKAHHA TOKAIO

DOU3NKO-XUMHYECKIE

OCHOBBI TEXHOJIOTHH

MOJTYTIPOBOIHHUKOBBIX
MaTepuaioB

MGTOIH)I OKCIICPUMCHTAJIBHOTO IMOJIYUCHHUA U UCCICAOBAHUSA ITAPaAaMCTPOB
H  XapaKTCPHUCTUK MAaTCpUaJIOB, TBepﬂOTCHBHOﬁ, HaHOJ3JICKTPOHUKH.
TexHoa0r1us U3rOTOBJICHUS 3JIEMCHTOB 3JICKTp0HHOI71 TexHuku. OCHOB-
HbIC TCHACHIIUN PA3BUTHUS 3J'ICKTpOHHOI>i KOMITOHEHTHOH 0a3bl

3. PE3YJIbTATBHI OCBOEHUA JUCHUIIJIMHBI «<HAHOCUCTEMBI. METO/bI
MOJIYYEHHUSA U CBOHMCTBA»

[Tpouecc M3y4yeHHs] MUCHMILTUHBI HAmpaBieH Ha (POPMHPOBAHUE HIEMEHTOB CIEIYIOIIHX
komrieteHiuii B coorBercTBru ¢ ®I'OC BO mo nanHOMy HampaBJIeHHIO:

CnocobeH ocy-
HIECTBIIATH KpH-
TUYECKHUH aHa-
U3 pooIeM-
HBIX CUTyalun
Ha OCHOBE CH-
CTEMHOTI0 II0/I-
x0J1a, BeIpaba-
TBIBATh CTpaTe-
THIO JeicTBUHU

Tabauna 3.1.
Kon HanmenoBanue WNHnukaTop noctrukeHus B pesynbprare ocBOeHMS IHC-
KOMIIe- KOMIIETEHIINH KOMIIETEHIINH LUIUTHHBI
TEHIIUU (3akpenniennslil 3a OUCYUNTUHOT) oOyuaromuincs:
VK-1 Cucremnoe u  [MAKyki1.1 AHanusupyet npodnem- | 3Haer
KPUTHYECKOE  [HYIO CUTYyallMIO KaK CUCTEMY, BBI- | COAEp KaHME ITPOLIECCOB CaAMO-
MBIIIUICHHUE. IBJISISL €€ COCTABIIAIONIME U CBSI3U | OpraHu3aliy U caMooOpa3oBa-

HUS, UX OCOOCHHOCTEH U TeX-
HOJIOTHI pealiu3alu, UCXO IS
U3 1eJIel COBEPIICHCTBOBAHMUS
PO eCCHOHATBHON JEATENh-
HOCTH;

Ymeer

IUTAHUPOBATh LIEJIH U YCTaHaB-
JMBATh IPUOPUTETHI IIPH BHIOO-
pe crocoOO0B MPUHSTHS perie-
HUU C yYE€TOM YCIIOBUH,
CpPE/CTB, IMYHOCTHBIX CaMo-
CTOSITENIBHO CTPOUTH IPOLIECC
OBIIaIeHUS HHPOpMAIUeH,
OTOOpaHHOM M CTPYK -

MCKIY HUMU

MK vki-2.
Hcrnons3yer eCTECTBEHHO-HAYY-
HBIE 3HAHUS PU OOBSICHCHUHT
AKCIIEPUMEHTOB, PEIICHUS MPO-
(dheccroHaIBHBIX 3aJ1a4.




IIpoxonxenne Tadauna 3.1.

Kon
KOMIIE-
TEHIUA

HaumenoBanue
KOMIIETEHIINU

WNupukarop HOCTHKEHHS
KOMIIECTCHITHH
(3axpenierHblll 3a OUCYUNTIU-
HOlL)

B pe3syinbrare ocBOeHUS IHC-
LUILINHBI
oOyyJaronumcs:

TyPUPOBAHHOM JUIsl BBIIIOJIHE-
HUS PO ECCUOHATBHOM Jesi-
TEABHOCTH;

Baaneer

IIpUEMaMU CaMOPETYJIALUU
HMOLIMOHANBHBIX U (QYHKIIHO-
HaJIBbHBIX COCTOHHI/II\/JI HpI/I BbI-
MTOJTHCHUH MPO(eCCUOHATBHOM
JACATCIIPHOCTH, TCXHOJIOTIUsSIMU
OpraHu3aIy Mpolecca caMo-
oOpa3oBaHus; criocodaMu TuIa-
HUPOBAHUS, OpTraHU3AINH, Ca-
MOKOHTPOJISI U CAMOOIICHKH JIe-
ATCIIbHOCTH.

OIlIK-1

Criocoben npume-
HATH GQyHIaMEH-
TaJIbHbIE 3HAHMS B
o0nacTu pU3NKU
JUTSL PETIICHUS
HAy4YHO-
HCCIIEI0BATEb-
CKHX 3aJ1a4, a
TaKXXe BJIaJIETh
OCHOBaMH IIEAaro-
TMKH, HEOOXOI1-
MBIMH TSI OCY-
IICCTBIICHUS TIpe-
ITOJaBaTEIIbCKOM
JIEATENHLHOCTH;

/1K onki.

3HaeT TEOpPHUI0 U OCHOBHBIE 3a-
KOHBI B 00JIACTH €CTECTBEHHO-
HAyYHBIX JUCUHUIUIMH.

K onki-2.

l1crmonp30BaTh €CTECTBEHHO-
Hay4-HbIE 3HAHUS TIPU OOBSICHE-
HUW YKCIIEPUMEHTOB, PEIICHUS
MpogecCHOHaIbHBIX 3a/1a4.

3Haer

OCHOBHBIE€ 3aKOHOMEPHOCTHU
XUMUYECKON TEPMOJUHAMUKH;
XUMHUYECKOE PAaBHOBECHE; 3a-
KOHOMEPHOCTH XUMUYECKON
KHMHCTHUKU, CHOCO6I>I BI)Ipa)Ke-
HUS COCTaBa PacTBOPOB;
Ymeer

IPOTHO3UPOBATh PE3YIbTAThI
($U3UKO-XMMHUYECKUX MpolLIec-
COB, IPOTEKAIOIIUX B HEXKHUBBIX
cucTeMax, OMUPasCh Ha TEOpe-
TUYECKHE TOJI0XKEHUS; HAyIHO
000CHOBBIBATL HAOJIO1aEMbBIE
SBJICHUS; TPOU3BOIUTH (PU3H-
KO-XUMHUYECKUE U3MEPECHUS;
NPEJCTaBIIATh JaHHbIE YKCIIe-
PUMEHTAIIbHBIX HCCIIEIOBAHUI
B BUJI€ TpaMKOB U TaOJIHIL;
MIPOU3BOJIUTH HAOIIOACHUS 3a
POTEKaHUEM XUMHUYECKUX pe-
aKIii 1 1e1aTh 000CHOBAHHBIC
BBIBOJIbI; TIPEACTABIIATD pe-
3yJIbTaThl 3KCIIEPUMEHTOB U
HaOJI0IeHUH B BUJIE OKOHYA-
TEJIBHOTO MTPOTOKOJIA UCCIIEN0-
BaHUS;




Mponosxkenne Tabauna 3.1.

Kon
KOMIIE-
TEHIIUU

HaunmenoBanue
KOMIIETEHIINU

Nuaukarop qoCcTHXREHUS
KOMIIETEHIINU
(3aKpeniennblil 3a OUCYUNIUHOLL)

B pesynbrare 0CBOCHUS IUCLIU-
IUIMHBI 00yYaroIUICs:

Baaneer

TEOPETUYECKOHN MOATOTOBKOM
1S TUTAHUPOBAHUS U TTPOBEJIC-
HUSI IPUPOI0OXPAHHBIX MEPO-
MPUSATUI; OCHOBHBIMH METOJIaMHU
CCIe10BaHUI COBPEMEHHOU
SKOJIOTHUHU; OCHOBHBIMH 3aKOHO-
MEpPHOCTSIMHU (PH3HKO-
XUMHUYECKHUX MTPOIIECCOB.

1IK-1

CnocoOGHOCTh
CaMOCTOSITEITLHO
CTaBUTh KOH-
KpETHBIC 331a91
HAy4YHBIX UCCIIe-
IOoBaHUM B 00J1a-
CTH (PUBUKHU U
pemiaTe ux ¢ mo-
MOIIIBIO COBpe-
MEHHOM arnrmapa-
Typbl ¥ UH(DOP-
MAaI[MOHHBIX
TEXHOJIOTUH C
HCIOJIb30BaHUEM
HOBEHIIEro oTe-
YECTBEHHOTO U
3apyOeKHOTO
OTIbITa

1K k1.1

CaMOCTOSITEJIbHO CTAaBUT KOHKPET-
HbIE 3371a4l HAyYHBIX UCCIIE0BA-
HUl B 001aCTH TEOPETUUECKON U
HKCIEPUMEHTAIbHON (UMK,
nos0upaTh MaTeMaTUYECKUN an-
napaTt ¥ CaMOCTOSITEJIBHO pelaTh
[pa3JIMYHbIE 33/1a4U HAYYHbBIX UC-
CJIeZIOBAaHMI, UCTIONb3Ysl CTaH-
TapTHBIE aJITOPUTMBI PEIICHUS;
OOBSACHATH (BBISBISATH U CTPOUTD)
TUITMYHBIE MOJIENTU PEeIIEeHUs 110-
CTaBJICHHOM 3a7]a4M HCCIIE0Ba-
HUS; OLICHUBATh U3MEHEHHUS B BbI-
OpaHHOW 00JIaCTU UCCIIEAOBAHUS B
CBSI3U C HOBBIMH JIaHHBIMH, MOJTY-
YEHHBIMU U3 Pa3IIMYHBIX HCTOYHH-
KOB

3Haer

0a30BbIIl MaTEMATUYECKUN all-
napat, UCIOJIb3yEeMBbIH 115
(dhopmanu3anuy TPUKIaTHBIX
3a/1a4 U3HUKH;

METO/Ibl U IPUEMBI PELICHUS
IPUKJIAJIHBIX 337124 110 pacueTy
OCHOBHBIX [TapAMETPOB KpH-
CTAJJINYECKUX TEII;

Ymeer

MPUMEHSTh MaTeMaTHUYECKHE
METOAbI B (popManu3anuu pe-
IIEHMsI IPUKJIAJIHbIX 33124 pu-
3UKH;

paboTaTh C COBpPEMEHHOMN

Hay4HOU armapaTypoH, IpoBo-
JUTh U3MEPEHNS OCHOBHBIX (hU-
3UYECKUX MTapaMETPOB KpH-
CTaJIJIOB;

Baageer

HaBbIKaMu (opManu3au
MPUKIIAJIHON 3a71auu (PU3UKY;
HaBbIKaMU pacyeTa HaHOCH-
cTeM; (pyHIaMEeHTaIbHBIMU T10-
HATHSIMH,

3aKOHAMHU U TEOPUSIMH COBpE-
MEHHOM TEOPHUH KPUCTAJUIOB, a
TaK)K€ METOJaMHU TEH30PHOTO
onucanus (pU3NIecKuX CBOMCTB
KPHUCTAJIJIOB.

4. CTPYKTYPA JUCHUITVIMHBI




Taoanma 4.1

Bupl yueOHo# paboTh Bcero wac/3au. en.
KonTakTHas padorta (Bcero) 64/1,9
Jlexruu (JI) 32/1,0
[Mpaktuyeckue 3ansatus (I13) 32/0,9
CamocrosiTeibHasi padoTa (Bcero) 53/3,1

KypcoBas paboTa, moAroToBKa K NpakTUYECKUM
3aHITHIM 1

KonTponb caMocTosTenbHOM paboThl -

Bun otuetHoctn Dx3amen-4

O6mas Tpy10éMKOCTb 144/5

5. COAEP/ KAHME JUCHUIIJIMHBI

Tabuauna 5.1
= _
= B
= | & g 2
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PA3JIEJIBI (MOAYJIN) AUCIUIIJINHBI B CEMECTPE Z |8 ?ﬁ 5 ; :’;
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Mopnyas 1. BBenenne. UcTopusi pa3BUTHS HAHOTEXHOJIOTHH. 4 4 16 24
IIpuopuTeTHBIC HAIPABJICHHUS! HAHOTEXHOJIOTMU. OCHOBHBIE
HAaY4YHble TEPMHHBI U onpe/eaeHust
Tema 1.1. IloHsATHE HAHOTEXHOIOTUH 1 - 4
Tema 1.2. Pa3Burtue HanotexHozoruil. [Ipuopurternsie Hanpasie- 1 1
HUSI HAHOTEXHOJIOTUH. Pa3HOBUAHOCTH HAaHOMATEPHUAJIOB: KOHCO-
JUIMPOBAaHHBIE HAHOMAaTEepHAIIbl, HAHOTIOJIYITPOBOIHUKH, HAHOIIO-
JUMepbl, HaHOOMOMaTepuaibl, GyJIepeHbl U TyOy IsipHbIe HAaHO-
CTPYKTYPBI, KaTaIH3aToOphl, HAHOMOPHCTHIE MAaTEPHAIBI U CYIIPaMo-
JeKyJISIpHBIe CTPYKTYpbl. Hanouactunsl (Hanomopomiku). Hayka o
MaJiopa3MepHBIX 00bekTax (nanoscience).
Tema 1.3. EcrecTBeHHBIE IpaHULbl PA3BUTHUS CYLLIECTBYIOIIEH 1 2 4 7
MHUKPOAJIEKTPOHUKH. KBaHTOBBIE SIMBI, TPOBOJIOKH W TOUYKH.
Tema 1.4. Co3ganne HAaHOOOBEKTOB 110 MPUHIIUIIAM «CBEPXY — 1 1 4 6
BHU3» U «CHU3Y — BBepX». DaHTacTHYECKHE BO3MOKHOCTH HaHO-
TexHOIOTuU. OCHOBHBIC HAyYHBIE TEPMUHBI U OIIpeAeICHUs (HaHO-
MaTepHualibl, HAHOTEXHOJIOTHs, HAHOAMAarHOCTHKA, HAHOCHCTEMO-
TexHHKa). PyHaaMeHTaIbHbIE MPOOIEMbI HHIyCTPUH HAHOCHCTEM.
Monayab 2. HaHOTEXHOJIOTHH «CBEPXY — BHH3» 4 4 16 | 24
Tema 2.1. ®opmupoBaHue TBEpAOTEIbHBIX HAHOKIIACTEPOB. TBeEp- 2 2 8 12
JIOTEJIbHbIE XMMUYECKHE PEAKLIUU.
Tema 2.2. MexaHOXUMUYECKHUE MPEBPAILEHUs. Y 1apHO- BOJIHOBOU 2 2 8 12
cuHTe3. HaHoCTpyKTypHupoBaHue 1oj AeHCTBUEM JaBJICHUS CO




casurom. HanocTpykTyprupoBaHue IyTeM KpUCTAILIIN3alun
amop(dHBIX CTPYKTYp. KommaktupoBanue (KOHCOMHIAINS) HAHO-
KJIACTEPOB

Monayab 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIHIHPOBAHHBIX
MaTepHuaJIoOB

16

28

Tema 3.1. ITopouikoBeie TexHONOrMU. KOHAEHCAIIMOHHBIN METO
(meTon I'nefitepa). BoicokoaHepreTruueckoe u3menbycHue. Mexa-
HOoXuUMHYeckui cuaTe3. Ilnasmoxumudecknii cuare3. CUHTE3 B
YCJIOBHSIX YIBTPAa3BYKOBOI'O BO3JACUCTBUS. DIEKTPUUECKUM B3PHIB
MPOBOJIOYEK. MEeTOIbl KOHCOMUIAIUN. DIEKTPOPA3PIHOE ClIeKa-
Hue. lHTeHcuBHas iactudeckas aedopmarus (KpydeHHe 1o Bbl-
COKHM JaBJICHHEM, PABHOKAHAJIbHOE YIIIOBOE MPECCOBAHME).

Tema 3.2. Kontponupyemasi KpuCTaIIH3aHs U3 aMOP(PHOTo co-
CTOsIHUS. TeXHOJIOTUsI HAHOCTPYKTYPUPOBAHHBIX IJIEHOK U IOKPBI-
TUI: TEPMUYECKOE UCIIAPEHUE, HOHHOE OCAXIEHUE, OCAXKICHUE U3
ra3oBoil (a3bl, UMITyJIbCHOE 3JEKTPOOCAKICHNE, Ta30TEPMHUECKOE
HalblJICHUE, TEPMUUECKOE Pa3JI0KEHUE.

Tema 3.3. OCHOBBI HAHOTEXHOJIOI'MH MOJYIPOBOJHUKOBBIX MaTe-
puasioB. MoJieKyJIsipHOJTyYeBas 3MUTaKCusa. MeXaHu3Mbl pocTa
HaHorieHOK 1o Donbpmepy- Bebepy, @panky- Ban nep Mepae,
KpacranoBy- Ctpanckomy. Metonst CVD u PCVD. Texuomorus
MOJIYYEHUS ITOJIYITPOBOJIHUKOBBIX KBAHTOBBIX TOUYEK.

Tema 3.4. OCHOBBI TEXHOJIOTHH MTOJIMMEPHBIX, IIOPUCTHIX, TPyOUa-
TBIX U OMOJIOTMYECKUX HaHOMaTepuanoB. [ MOpuHbIe U cynpamo-
JICKYJISIpHBbIC MaTepualibl. HaHomopucThie MaTepuabl (MOJICKYJISp-
Hble cuta). TpyOuareie HaHOMaTepHabl. [lonMMepHbIe HAHOMATE-
puanbsl. HanomaTepuaisl, NoJgy4eHHbIE METOJOM CaMOCOOPKH.

Moay.b 4. OCHOBHBIE MeTObI CO3AHUA HAHOCTPYKTYP

16

28

Tema 4.1. OcHOBHBIE METO/IbI CO3/IaHHSI HAHOCTPYKTYP: JIEKTPO-
HONMUTOTpa(us 1 HAHOUMIIPUHTHHT, JIOKAJIbHS SMUTAKCUS U ATIH-
TaKCHs MOBEPXHOCTHO HAIPSKEHHBIX CTPYKTYp, caMopopMHUpoBa-
HHE U CHHTE3 B MaTpUIax (TEMIUTATHBIN CHHTE3), 30HI0BBIE METO-
JIbl TUTOTpaduu.

Tema 4.2. MeTo1 TIOKaJIbHOTO 30HAOBOT0 OKUCICHUA. DUZNKO- XH-
MHUYCCKHEC OCHOBBI METOAA JIOKAJIbHOI'O 30HAOBOT'O OKHMCJICHHUA.
OCcoOEHHOCTH CO3aaHUA SJICKTPOIIPOBOAAIINX 30HIOB.

10

Tema 4.3. KuneTtuka npoiiecca JIOKaTbHOTO 30HJ0BOTO OKHCIICHUS
MOJIYTIPOBOJHUKOB U CBEPXTOHKUX METAIIMYECKUX TUIEHOK. MeTo
bopMHUpPOBaHUS TUAIIEKTPUIECKON TUICHKH, MOAYJTUPOBAHHOM 10
TonmuHe. Mcnoabp30BaHne METO 1A TOKAJILHOTO 30HJ0BOI'0 OKHCIIE-
HUA 1J11 CO3daHUA HaHOCTp}IKTyp 1 DJICMCHTOB HaHOSJ'IeKTPOHI/IKI/I.

Moayab 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEePHAJIOB

16

28

Tema 5.1. O6mas xapakrepuctuka. Kinaccudukarus KOHCOIHUIN-
POBAHHBIX HAHOMATEPHUAIIOB IO COCTABY, pacIpeeleHUIo U popme
CTPYKTYPHBIX COCTABIIAIOIIHUX.

Tema 5.2. 3epHa, CJIOH, BKJIIFOYCHHA U ITOPBI B KOHCOJIMAUPOBAHHBIX
HaHOMATCpHaJIax.

Tema 5.3. lehekThl, mOBEepXHOCTHU pazjiela, IOrpaHUYHbIE cerpe-
raiuu. Pakrop Jebas— Yomiepa.

Tema 5.4. CTpyKTypa MOJIUMEPHBIX, OMOJIOTHUECKUX U YTIIEPOIHBIX
HaHOMarepuasioB. HanonommMmepHsle, cynpaMoNeKyJIIpHble, HAHO-




OMOJIOTHYECKHE U HAHOTIOPUCTBIE CTPYKTYpbl. OCHOBHBIE THIIBI
MaKpOMOJICKYJISIPHOI apXuTeKTypbl. Temrutathl (1radmonsr). Cy-
IPaMOJIEKYJISIpHbIE CTPYKTYpHhI. TyOyIIsIpHBIE U JTyKOBHYHBIC
cTpykTypsl. [Ipouiecchl caMocOopKHu.

Moay.ab 6. ®u3nyeckue cBoOiicTBa HAaHOMaTepuaaoB. Pazmep-
Hble 3P PeKThI.

16

28

Tema 6.1. BBenenue. OCHOBHBIE OCOOCHHOCTH TIPOSIBJICHHSI pa3-
MepHbIX 3(h()eKTOB B HaHOMAaTepHaliaXx. DIEKTPOHHOE CTPOCHHE
HaHomarepHuanoB. KBaHToBbIe 3 (EKTHI.

0.5

0.5

Tema 6.2. ®a3oBble paBHOBECHS U TEPMOJIMHAMUKA HAHOMAaTepHa-
JIOB.

0.5

0.5

Tema 6.3. DOHOHHBIH CIIEKTP M TETUIOBBIE CBOMCTBA HAHOMATEpHa-
JIOB.

0.5

0.5

Tema 6.4. IIpoBOIUMOCTB, ONITHYECKUE XaPAKTEPUCTUKH, TUIIICK-

TPUUICCKAas NPOHULIACMOCTD M TCIJIOMPOBOAHOCTh HAHOMATCPHAJIOB.

0.5

0.5

Tema 6.5. IlepkonsimoHHas MPOBOAMMOCTD U IJIA3MEHHBIH pe3o-
HaHC B HAHOMATEepHaJIoax.

0.5

0.5

Tema 6.6. CTpyKTypa, IEKTPUICCKUE i ONTHICSCKUE CBOMCTBA
IUIEHOK aMOpP(HOro aJiMa3onog00HOT0 yriepoa, CoaepKaux Ha-
HOKJIacTepsl cepedpa (a-C:H<Ag>).

0.5

0.5

Tema 6.7. CTpyKTypa, 3IeKTpUUECKUE U ONITUYECKHE CBOUCTBA
amopdubix wieHok XCII, moay4eHHbIX pa3HbIMU MeToaMu. HaHo-
rerepoMopdu3M aMOp(HBIX CTPYKTYDP.

0.5

0.5

Tema 6.8. MarauTHbIe CBOMCTBa HAHOMATEPHUAJIOB. TUAMarHeTHKH,
napamMarHeTHkH, (heppoMarHeTuku, atudeppoMarHeTukuu, peppu-
Martetuku u ¢pepputsl. CynepnapaMarHuTHOE cocTosHue. Maruu-
ToKaJIopuuecKuit 3pdekr.

0.5

0.5

Tema 6.9. MexaHnueckue CBOCTBa HAHOCTPYKTYPHBIX MaTepHa-

noB. [Tonsyuects. BsiskocTs (BHyTpeHHee Tpenue). Heynpyrocts.
TBepaoCTh, MPOYHOCTH, IUIACTUYHOCTD, YIIPYTHE XapaAKTEPUCTUKH
HaHOMAaTEPHUAJIOB.

0.5

0.5

Tema 6.10. TeopeTndyeckoe pacCMOTPEHHE MEXaHU3MOB Jiehopma-
1[MU HaHOMaTepuaioB. OCHOBHBIE PE3YIbTATHI.

0.5

0.5

Tema 6.11. CtabunbHOCTh HAaHOCTPYKTYP. PocT 3epen. Auddysus.
OO01ue 3aKOHOMEPHOCTH, POCTa 3epeH (PEKPUCTATH3AINH) B
HaHoMaTepuayiax. Peakimonnas cnocoOHocTh. Katanms.

Moayas 7. [IpuMeHeHre HAHOMATEPUAJIOB

16

20

Tema 7.1. Beenenue. [IpumeHeHre KOHCTPYKIIMOHHBIX, HHCTPY-
MEHTaJbHBIX U TPHOOTEXHUYECKHX HaHOMaTepuaioB. [Ipumenenue
MTOPHUCTHIX HAHOMATEPHUAJIOB M1 HAHOMATEPHAJIOB CO CIIENMAIBHBIMA
($HU3UKO- XMMUYECKHMU CBOHCTBAMHU.

16

20

Hroro

34

34

112

180




5.2. IllpakTHyecKkue 3aHATHUSI

Taoaumna 5.2

Ne
n/n

Homep
JIEKIIUM

HanmeHoBaHue pa3jiesia U TeMbl JUCHHIIMHBI

1

2

3

MO/JVYJIb 1. Beenenune. UcTopusi pa3sutusi HaHoTexHooruu. Ilpuopu-
TeTHbIE HANIPABJICHUS] HAHOTEXHOJIO0TMH. OCHOBHbIE HAYYHbIE
TePMHHBI U OlNpe/ie/IeHus!

[

Tema 1.1. [louaTre HAHOTEXHOIOTUNA

Tema 1.2. Pa3zButue HaHoTexHoJIOorui. [IpuopuTeTHBIC HaMPABIECHNS HAHOTEX-
HOJIOTMH. Pa3HOBUIHOCTH HAaHOMATEPUATIOB: KOHCOJUIMPOBAHHBIC HAHOMATE-
pHaJibl, HAHOTOJIYIIPOBOJHUKY, HAHOMIOJIUMEDPDI, HAHOOMOMaTepuasbl, QyJie-
peHBI U TYOYJISIpHbIE HAHOCTPYKTYPBI, KaTaJIM3aTOPhl, HAHOMIOPHUCTHIC MAaTEPH-
bl ¥ CYNPaMOJICKYJISIPHbIE CTPYKTYphl. HaHOUacTHIIbI (HAHOMOPOIIKH).
Hayka o Manopa3mepHbix 00bekTax (nanoscience).

Tema 1.3. EcrecTBeHHBIE IpaHUILIbI PA3BUTHUS CYIIECTBYIOIIEH MUKPOIIEKTPO-
HUKHA. KBaHTOBBIC SIMBI, IPOBOJIOKU M TOYKH.

Tema 1.4. Co3ganne HAHOOOBEKTOB 110 MPUHIIUIIAM «CBEPXY — BHU3» U «CHU3Y
— BBepXx». PaHTAaCTHUECKHE BOZMOKHOCTH HAHOTEXHOJIOIMHU. OCHOBHBIE Hayy-
HbIC TEPMUHBI U onpe/esieHus (HaHOMaTepHalibl, HAHOTEXHOJIOTHsI, HAHO/ A~
THOCTHKA, HAHOCHCTEMOTeXHUKa). DyHIaMeHTa bHbIC MPOOJIEMbI HHIYCTPUN
HAaHOCHUCTEM.

Moayab 2. HaHOTEXHOJIOTHH «CBEPXY — BHH3»

Tema 2.1. @opmupoBaHue TBEPAOTEIBHBIX HAHOKIACTEPOB. TBEpAOTEIBHBIE
XUMHUYECKHE PEaKIUu.

Tema 2.2. MexaHOXMMHUYECKHUE NPEBPAILEHUs. Y JapHO- BOJIHOBOW CHHTES.
HanoctpykTypupoBanue 1o AeMCTBUEM JaBICHUS cO cABUTOM. HaHOCTpYyK-
TypUpOBaHME MyTEM KPUCTAJUIN3ALUU aMOP(HBIX cTpyKTyp. Kommaktuposa-
Hue (KOHCONUIAINS) HAHOKIIACTEPOB

MOIly.TIb 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJTUAHPOBAHHBIX MaTCPHAJIOB

Tema 3.1. [TopormikoBbie TexHonoruu. Kouaencanuonusiii meron (Meros Iieii-
Tepa). BricokosHepreTHueckoe u3MenbueHne. MexaHOXUMHYECKUH CHHTE3.
[Tnazmoxumuyeckuii cuate3. CUHTE3 B YCIOBUAX YJIBTPA3BYKOBOTO BO3/IEH-
CTBHUS. DIEKTPUUECKUH B3PbIB TPOBOJIOYEK. METOIbI KOHCOMU AU, DIIEK-
TpopaspsaHoe criekanue. HTeHcuBHAas miactndeckas aedopmarus (KpyueHue
110]1 BBICOKHM JIaBJICHHEM, PAaBHOKAHAJIbHOE YTJIOBOE MPECCOBAHME).

Tewma 3.2. KonTponupyemasi KpucTauinzaus u3 aMoppHOro coctossHus. Tex-
HOJIOTUSI HAHOCTPYKTYPUPOBAHHBIX JIEHOK U MOKPBITHII: TEPMUUECKOE UCIIa-
peHHe, HOHHOE OCaXICHHE, OCAXKACHHUE U3 ra30BOM (pa3bl, UMIYJIBCHOE AJIEK-

TPOOCAXKIEHUE, TA30TEPMUUYECKOE HAMIBUIEHHE, TEPMUUYECKOE PA3I0KEHUE.

Tewma 3.3. OCHOBBI HAHOTEXHOJIOTMH MOJYIPOBOJHUKOBBIX MaTepruanoB. Mo-
JEeKYJISIpHOyYeBast STUTaKcus. MexaHU3Mbl pocTa HAaHOIUIEHOK 110 Posbmepy-
BebGepy, ®panky- Ban nep Mepee, KpacranoBy- Ctparckomy. Meroast CVD u
PCVD. TexHoJsiorusi NOIy4€HUs MOJTYIPOBOJHUKOBBIX KBAHTOBBIX TOUEK.

Mopayasb 4. OcHOBHBbIE METO/IbI CO3IAHUS HAHOCTPYKTYP

Tema 4.1. OCHOBHBIE METOABI CO3/JaHUSI HAHOCTPYKTYP: AJIEKTPOHOIUTOTpadus
Y HAHOMMITPUHTUHT, JIOKQJIbHS 3MUTAKCUS U AIIUTAKCUS IOBEPXHOCTHO Hampsi-
KEHHBIX CTPYKTYp, CaMO(OPMUPOBAHUE U CHHTE3 B MaTpHLaxX (TeMIUIaTHBIN
CHHTE3), 30HJIOBBIE METO/IbI JIUTOIPA(HH.




10

10

Tema 4.2. Metoa TOKaIbHOTO 30HIOBOTO OKHCIeHUI. PU3NKO- XUMHUYECKUE
OCHOBBI METO/Ia JIOKAJILHOTO 30HA0BOT0 OKUCIeHUsI. OCOOEHHOCTH CO3MaHUs
AIIEKTPONPOBOISIIMX 30H/IOB.

11

11

Tewma 4.3. Kunetuka mponecca JOKaJIbHOI'O 30HA0BOI'0O OKHUCICHUSA ITIOJIYIIPO-
BOOHUKOB U CBCPXTOHKUX MCTAJUIMYCCKUX ITJICHOK. Merton q)OpMI/IPOBaHI/ISI JAn-
SHCKTqueCKOﬁ IIJICHKU, MOI[y.]'IHpOB&HHOfI 110 TOJIIIHNHC. Hcnonn3oBanne Me-
TOJa JIOKAJIbHOI'O 30HAOBOI'O OKUCIICHUA JIA CO3AaHNA HAHOCTPYKTYP U 3JIC-
MCHTOB HAHOJJICKTPOHHUKH.

Mopnyb 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHAJIOB

12

12

Tema 5.1. O6mas xapakrepuctuka. Kinaccudukarus KOHCOJIUIUPOBAHHBIX
HaHOMAaTEPHAJIOB [0 COCTaBY, PacIpeaesieHUI0 1 (hopMe CTPYKTYpPHBIX COCTaB-
JISIOUTHX.

13

13

Tema 5.2. 3epHa, 10U, BKIIFOUSHUS U IIOPHI B KOHCOJIMIUPOBAHHBIX HAHOMATE-
praiax.

Tema 5.3. JlepexTsl, TOBEpXHOCTH pa3jiena, MOrpaHudHbIe cerperamun. Dak-
Top Jebas— Yomnepa.

14

14

Tema 5.4. CtpyKTypa MoJIMMEPHBIX, OMOJIOTUYECKUX U YTIEPOJAHbIX HAHOMATE-
puanos. HanononuMepHsle, CynpaMolieKyJIspHble, HAHOOMOJIOIMYECKUE U
HAHOIIOPUCThIE CTPYKTYpbl. OCHOBHBIE THUIIBI MAKPOMOJIEKYJISIPHOM apXUTEK-
typbl. Temrutatel (mwabnonsr). CynpamMoneKysipHble CTPYKTYpbL. TyOyispHbie
U JIYyKOBHYHBIE CTPYKTYpHL. IIpomeccsl caMocOopKH.

Mopayas 6. ®u3nyeckne cBoiicTBa HaHOMaTepuaaoB. Pazmepubie 3¢ dek-
ThI.

15

15

Tema 6.1. Beenenne. OcHOBHbIE OCOOCHHOCTH IIPOSIBICHUS pa3MEPHBIX (-
(GexTOB B HAaHOMaTepHaiax. JIEKTPOHHOE CTPOeHNEe HaHOMaTepuaiioB. KBaH-
TOBBIE () (PEKTHI.

16

16

Tema 6.2. @a30BbIe paBHOBECHS M TEPMOIMHAMHUKA HAHOMATEPHAIIOB.

17

17

Tema 6.3. DOHOHHBIN CIEKTP U TEIUIOBbIE CBOMCTBA HAHOMATEPUAJIOB.

18

18

Tema 6.4. IIpoBOAMMOCTB, ONITHYECKHE XapaKTEPUCTUKH, TUIIEKTpUYECKas
IIPOHULIAEMOCTh U TEILIONPOBOAHOCTh HAHOMATEPUATIOB.

19

19

Tema 6.5. [lepkonsimoHHas MPOBOJUMOCTD U IJIa3MEHHBIN pe30HAHC B HAHO-
MaTepuaioax.

20

20

Tema 6.6. CTpyKTypa, 2IEKTPUUECKHE M ONTHICCKHE CBOMCTBA IICHOK aMopd-
HOTO aJIMa30IM0I00HOT0 YIIepoa, COAEpIKAIMX HaHOKIacTepsl cepebpa (a-
C:H<Ag>).

21

21

Tema 6.7. CTpyKTypa, SIEKTPUUECKUE H ONTHUYECKHUE CBOMCTBA aMOP(HBIX
meHok XCII, momydeHHbIX pa3sHbIMU MeToAamMu. Hanorerepomopduszm
aMOp(HBIX CTPYKTYP.

22

22

Tema 6.8. MarHuTHBIE CBOIICTBa HAHOMATEPHAJIOB. JMAMArHETHKH, ITapamMar-
HETHUKH, (PepPOMATHETHKH, aTU(PEeppOMarHeTUKIH, GeppUMarHeTuKu U Gpeppu-
Tbl. CynepnapaMarHuTHOE cOCTOsiHUE. MarHuTokanopuyeckui 3 hexT.

23

23

Tema 6.9. MexaHnueckue cBOiiCTBa HAHOCTPYKTYPHBIX MaTtepuaios. [Ton3zy-
4ecTh. BsskocTh (BHyTpeHHee Tpenue). Heynpyrocts. TBepmocTh, MpOYHOCTS,
IJIACTUYHOCTD, YIIPYIHE XapaKTEPUCTUKN HAHOMATEPUATIOB.

24

24

Tema 6.10. TeopeTuueckoe pacCMOTPEHHE MEXAHU3MOB JiehopMaIii HaHOMa-
TepuanoB. OCHOBHBIE PE3YJIbTATHI.

25

25

Tema 6.11. CrabuibHOCTh HAaHOCTPYKTYDP. PocT 3epen. quddysus. Obume 3a-
KOHOMEPHOCTH, pocTa 3epeH (peKprcTaIi3aliy) B HaHOMarepuaiax. Peak-
IIUOHHAs criocobHocTh. KaTtanus.




Mopnyas 7. IIpuMeHeHe HAHOMATEPHAJIOB

26

26 Tema 7.1. Benenue. [IpuMeHnenne KOHCTPYKIIMOHHBIX, MHCTPYMEHTAIbHBIX U

MH.

TpI/I6OTeXHI/ILICCKI/IX HaHOMATCpHaJioB. HpI/IMCHCHI/Ie IMOPHUCTBIX HAHOMATEpHa-
JIOB 1 HAHOMATCPHAJIOB CO CIICLIMAJIbHBIMU (1)1/13141(0- XUMHYSCKUMHU CBOMCTBA-

6. OOpa3oBaTe/ibHbIE TEXHOJIOTUH

7. YYEBHO-METO/JWYECKOE OBECIIEUEHUE CAMOCTOATEJBbHOMN
PABOTBI CTYJAEHTOB. OHEHOYHBIE CPEACTBA J1JIs TEKYIIEI'O
KOHTPOJISI YCIIEBAEMOCTH, TIPOMEKYTOUYHOM ATTECTAIIUA
1O UTOI'AM OCBOEHMUSA JUCHUIIJIMHBI

HexoTopbie TeMbI BEIHOCSTCS Ha CAaMOCTOSITENIbHOE H3ydeHne. VzydueHue 3Tux BOIPOCOB
BO3MOJXKHO C HCIIOJIb30BAaHUEM DJICKTPOHHBIN KypC JTUCHMIUIMHBI, HAIIMCAHHOTO CAMUM aBTOPOM
(A.X Martues).
[Tepeuenp TeM, BBIHOCHMBIi JJIs1 CAMOCTOSITEIBHOM PabOTHI MpecTaBieH B Tabiume 7.1,

7.1. I1nan camocTosITEIbHON PaGOTHI CTY/IEHTOB

Taoauma 7.1
Bun Pexomennyemas nmure- | Ko
Ne Tema CaMOCTOATENbHOM | 3amanue parypa 4acoB
HEI. paboTsI

DopMHUpOBaHUE TBEPIO- H U3YYHTh | DIJIEKTPOHHBIN Kypc

TEIbHBIX HAHOKJIACTEPOB. Hanucanue Hanocucremsl. MeTosl
1 (TBepnorenbHbIE XUMHUYE- KOHCIIEKTa MOJIy4€HHUs U cBoiicTBa | 4

CKHE PEaKIUU. (A.X Matues).

OO011ast XapaKTepuCTHKa. H U3YYMTh | DIJIEKTPOHHBIN Kypc 4
2 [Knaccuduxamust KOHCOIH- Hanucanue Hanocucremsl. MeToasl

NMPOBAaHHBIX HAHOMaTepHUa- KOHCIIEKTa MOJIyYE€HHUS U CBOMCTBa

0B I10 COCTaBY, paclpese- (A.X Matues).

IeHHIo U (popMe CTPYKTYp-

HBIX COCTaBJISIOLIMX.

Da30BbIC pABHOBECHS U H W3YYHTh | ODJEKTPOHHBIA KypC 4
3 [TepMOIMHAMUKa HaHOMAaTe- Hanucanue Hanocucremsl. MeTosl

pHaJoB. KOHCIIEKTa MOJIy4E€HHUS U CBOMCTBA

(A.X Marues).

CTpyKTypa, 2IeKTpUIECKUE H U3Y4MTh | OJIEKTPOHHBIN KypC 4
3 M OIITHYECKHE CBOWCTBA Hanmcanne Hanocucremel. MeTons!

MJIEHOK aMOp(HOTo anMaso- KOHCIIEKTa MOJIy4YEHHUS U CBOMCTBA

Mo100HOTO yriiepoaa, co- (A.X Marues).

NepKaluX HaHOKJIACTEPhI

cepebpa (a-C:H<Ag>).

MarsuTHbIE CBOMCTBA H U3Y4MTbh | OJIEKTPOHHBIN Kypc 4
4 |HaHOMAaTepHUaJoOB. UaMar- Hamnucanune Hanocucremsl. MeToan!




TEXHUYECKUX HaHOMATepHa-
i1oB. [IpuMeHeHNe TOPUCTHIX
HAaHOMATEePHAJIOB M HAHOMa-
TEPUAIOB CO CIICIIUATLHBIMU
(DU3HKO- XUMHYECKUMU
CBOMCTBAMH.

HETHUKH, MapaMarHeTUKH, KOHCIIEKTa MOJIYyUY€HUs U CBOMCTBA
(heppoMaraeTuku, atudep- (A.X Marwues).
poMarHeTHkuH, peppumar-

HeTuku U ¢pepputsl. Cynep-

rapaMarHUTHOE COCTOSIHUE.

MarsuToKaaopudecKuii 3¢-

(bexT.

Beenenue. [Ipumenenue H M3YYHUTh | DJIEKTPOHHBIA KypC 4
KOHCTPYKLMOHHBIX, UH- Hammcanne Hanocucremsl. MeToabl
CTPYMEHTAJILHBIX U TPUOO- KOHCIIEKTa MOJTyYEHUs U CBOWCTBA

(A.X Marues).

7.2. MeToauyecKue yKa3aHHs 10 OPraHU3alNH CAMOCTOATEILHOMH PadoThI CTY/IEHTOB

CryzieHT, UCIoJIb3ys NEKTPOHHOE yueOHOe Imocodue, a Takke By30BCKMM yueOHUK 1o Mo-
JEKYJSIpHOW (HU3UKE W TEPMOJWHAMHKE HW3ydaeT MAHHBIA MaTepuan M COCTABISET KOHCIIEKT
KOHCIIEKTBI B JOMAIIHUX yCIIOBUSX.

7.3. KOHTPOJIb 0CBOEHHSI KOMIIETEeHIIH

Tab6muna 8.1
No Komnereniuu,
\n Bun xonTpons Kontpomupyemsie Tems (MO/IYJIN) KOMITOHEHTBI KOTOPBIX
KOHTPOJIMPYIOTCS
1 IIposepka Monyns 2. HanoTexHoIOrNN
KOHCIIEKTOB «CBEpPXY — BHU3)» VK-1
2 ITpoBepka Monynb 3. OCHOBBI HAHOTEXHOJIOTUHU
KOHCIIEKTOB  [KOHCOJIUIMPOBAHHBIX MaTEPHUAIOB OIIK-1, I[IK-1
3 ITpoBepka Monynb 4. OCHOBHBIE METO/IbI CO3JaHUS
KOHCIIEKTOB  [HAHOCTPYKTYP OIIK-1, IIK-1
IIpoBepka Monynb 5. OcoOEHHOCTH HaHOCTPYKTYPBI
KOHCIIEKTOB  [HAHOMATEpUaJIOB OIIK-1, [IK-1
ITpoBepka Moy 6. ®u3ndyeckre CBOWCTBa HaHO-
KOHCIIEKTOB  (MaTepHajioB. PazmepHbie 3 PEeKTHI. OIIK-1, [IK-1
IIposepka Monyns 7. [IpuMeHeHre HaHOMaTepHaloB OIIK-1, [IK-1
KOHCIIEKTOB

8. ®OHJI OEHOYHBIX CPEJICTB
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19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

36.
37.

38.
39.
40.
41.
42.

8.1. IlpumepHblii mepeyeHb BONMPOCOB, BBIHOCHMBIX HA IK3aMeH

IToHsATHE HAHOTEXHOIOTHH.

Pa3zBuTne HaHOTEXHOJIOTHI.

[IpuopureTHbie HaTPaBICHUS HAHOTEXHOJIOTHH.
Pa3noBUIHOCTH HAHOMATEPHUATIOB!
KOHCOJIMIMPOBAaHHbBIE HAHOMATEPHUAJIbI,
HaHOTOJIYITPOBOTHUKH,

HaHOIOJIUMEPHI,

HaHOOMOMAaTepHaJbl,

byiutepeHsl U TyOYJISIpHbIE HAHOCTPYKTYPHI,

. KaTaJIM3aTOopPhI,

HAaHOIIOPUCTBIC MAaTCpUaJIbl U CYIIPAMOJICKYJIAPHBIC CTPYKTYPHI.

. HanowacTuier (HaHOTIOPOIIKH).

Hayka o manopasmepHbix 00bekTax (nanoscience).

. EcTecTBeHHBIE rpaHuULIbl pa3BUTHUSA CYLIECTBYIOLIEH MUKPOIEKTPOHUKH.

. KBaHTOBBIE IMBI, IPOBOJIOKU U TOYKH.

. Co3anue HaHOOOBEKTOB M0 MPUHLUIIAM «CBEPXY — BHU3» U «CHU3Y — BBEPX).

. @aHTaCTUYECKUE BO3MOKHOCTH HAHOTEXHOJIOIUH.

. OCHOBHbBIC HAay4HBIC TEPMHHBI H ONPE/IeNiCHUs (HAHOMATepHAabl, HAHOTEXHOJIOT U,

HAHOIUArHOCTHKA, HAHOCHCTEMOTEXHHKA).

dyHaaMeHTAIbHBIC TTPOOJIEMbI UHIYCTPUH HAHOCUCTEM.
DopMUpOBaHHE TBEPAOTEIbHBIX HAHOKIACTEPOB. T

BEPJIOTEIbHBIC XUMHUECKHUE PEAKIINH.

MexaHOXUMUYECKHUE TTPEBPALICHHUS.

Y 1apHO- BOJTHOBOM CHHTES.

HanoctpykTypupoBanue noj I1eMCTBUEM JAaBIECHHUS CO CIBUIOM.
HanocTpykTypupoBaHue myTeM KpUCTAUIU3AINH aMOP(HBIX CTPYKTYD.
KommnaktupoBanue (KOHCONUIAINS) HAHOKJIACTEPOB.

[MToporikoBeie TexHooruu. Konaencanuonusiii metos (Meros [netitepa).
BricokosHepreTnueckoe N3MeIb4YeHUE.

MexXaHOXUMUYECKUI CUHTES.

[1na3MOXUMHUYECKUN CUHTES.

CuHTE3 B YCIOBUSAX YJIBTPa3BYKOBOI'O BO3JICHCTBUA.

DIIEKTPUUYECKHI B3pPBIB MPOBOJIOYEK.

MeTo1bl KOHCOJIUIALHH.

DIEKTpOpa3psAIHOE CIIEKaHUE.

HNuTeHcuBHAs IJIaCTUYECKas ,Z[C(I)OpMaI_II/IH (pr‘{CHI/IC oA BBICOKUM NABJICHUEM, PABHO-

KaHaJIbHOE YTIIOBOE IIPECCOBAHUE).
KoHTponmpyemast KprcTauIH3aus 3 aMop()HOTO COCTOSIHUSI.

TexHOI0rHsI HAHOCTPYKTYPHUPOBAHHBIX IIJIEHOK Y OKPBITHN . TEPMUYECKOE UCIIApPEHHUE,

HMOHHOE OCa)XJICHHUE, OCAXICHHE U3 ra30Bo (hasbl.
NmnynbCHOE 3IEKTpoOCcCakaeHuE,

ra3oTepMHUYECKOE HAMBLUICHHUE,

TEPMHUYECKOE PA3JIOKEHHUE.

OCHOBBI HAHOTCXHOJIOTHUHN HOJIYHpOBO,HHI/IKOBBIX MaTepI/IaJIOB.
MonekynapHoTydeBas SMUTAKCHSI.
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Mexanu3mbl pocta HaHOIUIEHOK o Donpmepy- Bebepy, @panky- Ban nep Mepse,
KpacrtanoBy- CtpaHckomy.
Meronsr CVD u PCVD.
TexHONOorHs MOTyYSHHSI TOTYTIPOBOHUKOBBIX KBAHTOBBIX TOUYEK.
OCHOBBI TEXHOJIOTHH TTOJIMMEPHBIX, TOPUCTHIX, TPYOUATHIX M OMOJIOTHYECKIX HaHOMAaTe-
pHaoB.
['mOpuHbIe U CynpaMoIIeKy ISIpHbIC MAaTEPHAIbI.
Hanonopucteie Marepualibl (MOJICKYISIPHBIC CUTA).
TpyOuaTbie HaHOMaTepHATIBI.
[TonmMepHbIe HAHOMATEPUAIIBI.
Hanomatepuassl, Mogy4eHHBIE METOI0OM CaMOCOOPKH.
OCHOBHBIE METO/IbI CO3IaHUSI HAHOCTPYKTYP: dIEKTPOHOIUTOrpaduisi 1 HAHOUMITPUH-
THHT, JTJOKIBHS SIUTAKCHSI U SIMUTAKCHUS TOBEPXHOCTHO HANPSDKEHHBIX CTPYKTYP, CaMo-
(opMUpOBaHKE U CHHTE3 B MaTpHllaX (TEMIUIATHBIA CUHTE3), 30HI0BBIE METObI JIUTO-
rpadumu.
MeToa T0KaJIbHOTO 30HJ0BOTO OKUCIICHUS.
®u3HKO- XMMUYECKHE OCHOBBI METO/Ia JIOKATBHOTO 30HJOBOTO OKHUCIICHHS.
Oco0eHHOCTH CO3aHMsI AIEKTPOIPOBOASILINX 30HI0B.
Kuneruka nporiecca J0KaJIbHOTO 30HA0BOTO OKUCICHHUS TOTYyTIPOBOTHUKOB M CBEPXTOH-
KX METAJUTMYECKUX TUICHOK.
Merton popMupoBaHUs JUINEKTPUIECKON TUICHKH, MOAYJIMPOBAHHOM 110 TOJIIIIUHE.
Hcnonp30BaHne METO/1a JIOKAILHOTO 30HI0BOTO OKHCIICHHS ISl CO3/IaHHsI HAHOCTPYK-
TYp U 3JIEMEHTOB HaHOAJICKTPOHUKH.
O6mas xapakrepuctrka. Kiaccudukanus KOHCOIMANPOBAHHBIX HAHOMATEPUAIIOB TI0
COCTaBY, PacIpeesIeHHIO U POpPME CTPYKTYPHBIX COCTABIISFOIIMX.

3epHa, CIIoH, BKIFOYEHUS U MTOPHI B KOHCOJIMANPOBAHHBIX HAHOMAaTEpUaNIaXx.
JleexThl, MOBEpXHOCTHU pa3jiena, MOrpaHUYHbIE CErperanuy.
®daxkrop Jlebas— Yomnepa.

CTpyKTypa MoJIMMEpPHBIX, OMOJIOIHYECKHX U YTIEPOIHBIX HAHOMATEPHAJIOB.
HanononumepHsie, cynpamMoseKysipHble, HAHOOMOJIOTHYECKHE U HAHOMIOPUCTHIE CTPYK-
TYpBI.
OCHOBHBIE THITBI MAKPOMOJIEKYJIIPHON apXUTEKTYPHI.
TemrmuiaTs! (11abI0HBI).
CynpamMoJeKyIsIpHbIE CTPYKTYPHI.
TyOynspHbIe 1 TyKOBUYHBIE CTPYKTYPBHI.
[Tpoueccsl camocOOpKH.
OcHOBHBIE 0COOEHHOCTH MPOSBICHUS Pa3MEPHBIX AP(PEKTOB B HAHOMATEepHaax.
DJIEKTPOHHOE CTPOCHHE HAHOMATEPHAJIOB.

KBanToBbie 3(h(heKThI.
®da30BbIe paBHOBECHS U TEPMOTUHAMUKA HAHOMATEPHAJIOB.
@DOHOHHBIN CHEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPUAJIOB.
[TpoBOIUMOCTH, ONITUYECKHUE XaPAKTEPUCTUKH, AUIICKTPHUIECKAs IPOHUIIAEMOCTbh U TeTI-
JIONIPOBOJTHOCTH HAHOMATEPUATIOB.
[epkonsnnoHHast IPOBOAMMOCTD U TNIA3MEHHBIN PE30HAHC B HAHOMATEpHaIax.
CtpyKTypa, 2JIeKTPHUECKUE U OTITUYECKHE CBOMCTBA IUIEHOK aMOp(HOro aamas3ono100-
HOT'O YIJIepo/ia, CoIepKaIiX HaHOKIacTepsl cepebpa (a-C:H<Ag>).
CrpykTypa, 2JIeKTpHUECKUE U onTH4YecKrue cBoicTBa amopHbIX mieHok XCII, momyuden-
HBIX pa3HbIMU MeToamu. HaHorerepoMmopdusm aMop(HBIX CTPYKTYD.
MarHuTHbIE CBOMCTBA HAHOMATEPUAJIOB. IMAMArHETHKH, TapaMarHeTHKH, eppoMarHe-
TUKH, aTHEppOMarHeTUKUH, (HeppUMarHeTUKU U HEepPUTHI.
CynepnapaMarHUTHOE COCTOSIHHE.
. Marautokanopuaeckuit 3pHeKT.
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MexaHn4ecKkrue CBOMCTBA HAHOCTPYKTYPHBIX MAaTEPHAIIOB.

[Ton3yuects.

BsizkocTh (BHYTpEeHHEE TPEHHE).

Heynpyrocts.

TBeprocTs,

MPOYHOCTb,

IJIaCTUYHOCTD,

yIpyTHE XapaKTePUCTHKN HAHOMATEPUAJIOB.

Mexanu3msl geopmanii HaHOMaTepUaoB.

CTaOUIbHOCTh HAHOCTPYKTYP.

Pocr 3epen. luddysus.

OO111e 3aKOHOMEPHOCTH, POCTa 3epeH (PEeKpHUCTALTU3aIMK) B HAHOMaTepHasax.
PeakunonHnas cnocoOHOCTb.

Karanus.

[TpyuMeHeHrne KOHCTPYKIMOHHBIX, MHCTPYMEHTAIBHBIX U TPUOOTEXHUUECKUX HAaHOMATe-
pHUasoB.

[TprMeHeHre TOPUCTHIX HAHOMATEPUAIOB U HAHOMATEPUAJIOB CO CIIEIMATbHBIMU (DU3H-
KO- XUMUYECKIMH CBOWCTBAMHU.

9. YYEBHO-METOANYECKOE OBECIIEYEHME JUCHUIIJINHBbI
8.1. MeTonnyeckue peKOMeHAaMH CTyAeHTaM

«Hanocuctemsl. MeTo b1 INOJIy4YCHHS U cBoOiicTBa» co00I O6H_II/IpHy10, MHOI'OAMCLMIIIN-

HAapHYIO U JIOBOJIBHO CIIOKHYIO 00macTh 3HaHUH. IloaToMy, 4TOOBI TOHECTH Marepuan 10 CTy-
JIeHTa, HEOOXOJMMO YJeNATh 0c000€ BHUMaHUE CUCTEMAaTUYHOCTH, HATJISAHOCTH U JIOCTYITHOCTH
u3noxkeHus. B Hacrosee BpeMsi pakTHUECKH CyIIECTBYET Majlo y4eOHUKOB U MOCOOUH IO JaH-
HOM nucumiuivHe. I[103ToOMy OCHOBHAsi Harpys3ka JIOKUATCA Ha JeKUUU. g U3ydeHus CTyIeHTa-
MU JIaHHOTO Kypca B MPUHIUIE JOCTATOYHO 3HAHUE Kypca o0mie (pU3MKu 1 OCHOB KBaHTOBOM
MEXaHUKHU TEPMOJANHAMUKH.

Tak kak y4eOHUKOB M Yy4EOHBIX MOCOOWH MO JaHHOW NHUCUMIUIMHE OY€Hb Mayo, TO OC-

HOBHasl Harpy3Ka JIOKUTCS Ha JICKIMU U UX KOHCIIEKTUPOBaHUE. /(151 JOMOMHUTENBHOTO U3yue-
HUS M CAMOCTOATEIbHON pabOThI MpEIaraeTcsi UCIOJIb30BaTh PEKOMEHIYEMYIO JIUTEPATYpy.
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