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1. Heaun ocBoenus aucuumianabl 51.B.0S HAHOCUCTEMBI. METO/IbI IIOJTYYEHUSA U
CBOMCTBA

HCJISIMI/I OCBOCHHA JUCUHUILIAHBI SBJIAIOTCA. IMOJIYyYCHUC CBGI[CHI/Iﬁ ¥ 0a30BEIX 3HAHUN O HAHOCH-
CTEMaAx, IMpUHIHIIaxX (bOpMI/IpOBaHI/IH CTPYKTYPBEI HAHOCHUCTEM, B TOM YHUCJIC, JJII MHOT'OKOMIIOHCHTHBIX
CHUCTEM H (1)H3HH€CKOﬁ CYITHOCTH HBJIGHHfI, MNPOUCXOAAIHNX B HAHOCUCTEMAX Ha OCHOBC IMPU3HAHHBIX
ITOJIOKESHUH TEOpHUHU U MPAKTHUKH, KOTOPBIMH JOJIKHBI PYKOBOJACTBOBATHCA MAaruCTPaHTHI, IIPH UCCIIC-

JIOBAaHUU U UHTEPIPETALHUU CTPYKTYPHI U CBOMCTB HAHOCUCTEM.
Ilepedensb 3axa4 npodecCHOHANBbHOI 1eITeJIbHOCTH BINNYCKHUKOB:

Kona n HaumenoBa- | O0001eHHbIe TPYA0BbIe QYHKIIUH TpynoBbie GyHKIUM
HHUe npogdeccuo- Kox | HammeHnoBaHnue 'YpoBenb | HanmeHoBaHue Kox [Yposennb
HAJBLHOT0 KBaJIN- (moxypo-
CcTaHAapTa puxanun BEHb)
KBaaudu-
KAUH
01.001 MMegaror |A [lenarornyeckas nesi- | 6 OO0menenaroruaeckas A/01.6 | 6
(memarormyeckas TENBHOCTB 110 ¢dbyaxmusa. O0y4yerne
igﬁiﬂ;:ﬁﬁ;‘: B ZEE:EEEOMHHIO npe BocrnurarensHast A/02.6 |6
HAYaJbHOM 00- 00pazoBaTeIbHOTO ACATCIEHOCTE
em, mporiecca
OCHOBHOM 0011IEM, 00pa3oBaTeIbHbIX Op- [T E——— 2036 6
cpeaHeM o0LeM TaHU3AIMSIX
00pa3oBaHuN) JIONIKOJIBHOTO, HaYallb- JICATCILHOCTR
(BocuTaTen, HOTO 00IIIero,
YUYHUTEh) OCHOBHOTO 001IEero,
cpemHero oomero o6-
pa3oBaHus
B [lenarornyeckas nesi- | 6 [Tenarornyeckas B/03.6 | 6
TCJIBHOCTH I10 ACATCIIBbHOCTD 110
MPOSKTUPOBAHHIO U pe- peanusaiyy Iporpamm
aTn3aIuK OCHOBHOTO U CPEJIHETO
OCHOBHBIX 00111€00pa- o011ero oopa3zoBaHus
30BaTEIbHBIX TPO-
rpamm
01.003 A [penoaaBanue Mo Ja0- 6 Opranusanus gestenb- | A.01.6 | 6.1
[Tenarornueckas jes- MOJTHUTEILHEIM 00111€00- HOCTH 00yYaroIuxcs,
TEeBHOCTD B JIOMON- [pa30BaTEIBLHBIM TPO- HaIpaBlIeHHON Ha 0CBO-
HHTeIBHOM 0Gpazo- rpaMmam. CHHE JIOTIOMHATEbHOH
. 0011e06pazoBaTeIHLHOM
BaHUU JIeTEH U TPOrpAMMBI
B3POCIBIX Opranusanus gocyrosoit| A.02.6 | 6.1
JESATeILHOCTH 00ydaro-
IIMXCsI B TIpOIIecce pea-
JU3AIUY JIOTIOJTHATEIb-
HOM 00111e00pa3oBaTeb-
HOU IIpOrpaMMbl
ObecneueHre B3aUMO- A.03.6| 6.1
JEHCTBHSI C POAUTEISIMU
(3aKOHHBIMU TIPEACTABU-
TESIMU) 00yJarOIIUXCS,
OCBaMBAIOIINX JTOTIOTHH-
TEJIbHYIO 00111e00pa3o-




BaTENFHYIO IPOTPaMMy,
IIpH PEIICHUH 33/1a4
00y4eHus: ¥ BOCIUTaHUS

[enarornyecknii KOH- A.04.6 | 6.1
TPOJIb ¥ OIICHKA JIOTIOJI-
HUTEIIBHOM 00111e00pa-
30BaTEJILHOM IIPOrpaM-

MBI

Pa3pa6orka nporpamm- | A.05.6 | 6.2
HO-METOIUYECKOTO
obecrieueHus peamsa-
WY JONOJHUTEIbHON
00111e00pa30BaTEIILHOM

IIPOrPaMMBI

b OpraHu3aoHHO- 6 B/01.6 | 6.3
METOAUYECKOE 00ecIIe-
YCHHE peaTu3alluu J10-
MIOJIHUTEIBHBIX 00IIIe-

00pa3oBaTeIbHBIX MPO-

rpamMm

Opranuszanus U OpoBee-
HUE UCCIIENOBAHUN PhIHKA
[yCIIyT JOMOJHUTENBHOTO
0Opa3oBaHusl ICTEH U
B3POCIBIX

6 OpraHu3aluoHHO- B/02.6 | 6.3
MeIarornyeckoe Compo-
BOKJICHUE METOIUICCKOM
HEATCIIBHOCTH II€1aroroB
ITOTIOTHUTEIBHOT'O 00pa-

BOBAaHUA

6 IMOHUTOPHHT H OIICHKA B/03.6 | 6.3
KayecTBa peaiu3aliui Te-
maroramMu JOTOJHHATEIb-

HBIX 00IIe00pa3oBaTeIh-

HBIX IIPOrpaMM

OpraHu3aoHHO-
IeIaroruyeckoe odec-
MEYCHUE pear3aliu
JIOIOJIHUTEIBHBIX 00-
eo0pa3oBaTENbHBIX
porpaMm

Opranuszanust ONOIHU-
TEBHOTO 00pa30BaHUs
JIeTeil ¥ B3pOCIIbIX 1O

HaIpaBJICHUAM ACATCIIb-
HOCTH

OAHOMY HJIM HECKOJIBKUM|

C/03.6

6.3

2. MECTO JUCHMIIJIMHBI B CTPYKTYPE OIIOII MATUCTPATYPBI

Jucuunnuna «HanocucteMsl. MeTobl OTy4eHUS M CBOMCTBA» BXOJUT B MAKET AUCLUIUIMH 0J10-
ka 1 ¢popmupyromux GyHaaMeHTalibHOoe 00pazoBaHue MarucTpoB no HampasiaeHuo 03.04.02 dusuka.
[Tpodwmis «Pu3uka noxynpoBogHUKOBY». M3ydaercs Ha 1 kypce Bo 2 cemectpe.

B Tabn. 2.1 npuBeaeHbl Ha3BaHUS MPEIMETOB U Pa3feNioB, KOTOPbIE HEOOXOIUMO YCBOUTH IS
U3y4eHHs JUCUUIUIMHBI « TepMOAMHaMUKa KOHIEHCUPOBAHHBIX CPEI».



Hucuunnuna «HanocucteMbl. MeToAbl MONYYEHU U CBOMCTBAa» SIBIIIETCS OCHOBHOW I U3y4e-
HUS TUCHUTIINHBI «DU3HKa MOTYTPOBOAHUKOBBIX MPUOOPOBY, KOTOPHIE YUTAIOTCS MApaJUICTbHO UITU
MIO37KeE.

Jlannas AMCUMIIIMHA TpU3BaHa BbIpabOTaTh MPO(ecCHOHANbHBIE KOMIIETCHIIUH, CBS3aHHBIE CO
CIIOCOOHOCTBIO HCIOJIB30BaTh TEOPETHUECKHUE 3HAHUS B 00yacTu oOuiei Gu3uKu, KBAHTOBO MeXaHH-
KU, TEOPETUYECKOW (U3MKH, aTOMHOU (PU3MKH, CTATUCTUUECKON (PU3MKHU ISl PElIeHUs] KOHKPETHBIX
MPAKTUYECKHX 33724 Ha MpuMepe (PU3UKU HAHOCHUCTEM.

MarucTtpaHTsl , U3y4arouue JaHHYI0 AUCIUIUIMHY, JOJIKHBI UMETh CBEJCHUS U 0a30BbIC 3HAHUS O
CTPYKTYPE KPUCTALIMYECKUX CUCTEM, THIAX CBA3 aTOMOB B KOHJEHCHUPOBAHHBIX CpPEAaxX, CTPOCHHUU
aTOMOB U MOJIEKYJI B 00beMe 3HaHUW Kypca 00miel (hu3uKH, KBAHTOBOH MEXaHUKH, CTATUCTHUYECKUX
3aKOHAX pacHpeleseHus, 3aKOHAX COXPAHEHUs HHEPrUU, UMITYJIbCA U MOMEHTA MMIIYJbCa, OCHOBAX
KBaHTOBOI'O ONMCAHUS YACTHII.

Jannas aucuuiigHa siBisieTcss 0a30BOM A M3Y4YeHHs AUCHMIUIMH: «DPU3MKa MOTYNPOBOIHU-
KOB», «Du3uKa nNoaynpoBOIHUKOBBIX TPUOOPOBY», «OCHOBBI PEHTIC€HOCTPYKTYPHOTO aHATTU3a»

B tabn. 2.1, 2.2 npuBeneHsl Ha3BaHUS IPEIMETOB M Pa3eiioB, KOTOPbIE HEOOXOIUMO YCBOUTH
JUISL U3y4eHUs qucuUIuinebl «HanocucteMbl. MeTobl MOJIyYEHUS U CBOMCTBAY.

CBs3b JMCHUILINHBI ¢ NPeAIIeCTBYIOMIMMU JUCUUIIMHAMH
U CPOKH MX H3yYeHHS
Taoauma 2.1
JIMCIMIUTMHBL, IPEIIIeCTBYIONINE TuciuIunHe «Harnocuctempl. MeToIbl OTy4YeHUS |
CBOMCTBa»
1 | By3oBckuii kypc ¢pusuku
TepMonrHaMUKa KOHICHCHPOBAHHBIX CPEJl
3 | OcHOBBI (HPUBHKO-XMMHYECKOTO aHAIN3a

N

Cas3p qucnuninabl «Hanocucrembl. MeToabl MOJTyYEeHHUS] M CBOMCTBA)» €O CMEKHbI-
MM JUCHHUILIHHAMHU

Tanuua 2.2
Jucuumimza Paznenel, 3HaHNE KOTOPBIX HEOOXOIUMO IPU U3yUYEHUN
JOUCHUATIINHBI
®duznka OcHOBHBIE NOCTYJNAaThl U IOJIOKEHUS KBAHTOBOW TEOPHM; TYHHEIbHBIN
KOHJEHCUPOBAHHOTO | 3P EKT; CTpOEHHE aToOMa U CBSI3b C MEPUOINYECKON CUCTEMOM 2JIEMEHTOB
COCTOSIHUS MenzeneeBa; BBICOKOTEMIIEpATYpHasl CBEPXIPOBOJUMOCTbE M IPOCTEH-
IIME YCTPOMCTBA HA €€ OCHOBE
duznueckue OCHOBBI (1)PI31/IKI/I BaKyyMma, T€Jia, MIPUHOMUIIBI U METOBI €T0 IMOJTYYCHU.

OCHOBBI BaKyyma

Teopernueckre OCHOBBI (PU3MKU MOJTYNMPOBOJHUKOB, KBAHTOBBIE O0BSIC-

®dusnka HEHHUs BCEX IIPOLIECCOB MPOUCXOAAIINX B HUX IIPU BHEIIHUX BO3ACHCTBU-
MOJIYTIPOBOJHUKOB | AX. Kiaccudukaius TBepAbIX Tell Ha METasllbl, MOJIYINPOBOAHUKU U TH-
JJIEKTPUKH; OCHOBHBIE DJIEKTPUYECKHUE, MATHUTHBIE U ONTUYECKHUE CBOU-
CTBAa TBEPABIX TEJ, MEXaHNU3MBI IPOTEKAHUS TOKAIO

OCHOBBI (I)I/ISI/IKO- MeTOIlLI OKCIICPUMCHTAJIBHOTO MMOJYUYCHUA U HUCCICAOBAHUA ITapaMCTPOB
XHUMHUYECKOI'O " XapaKTCPUCTUK MaTCpUuajioB, TBCp}IOTGJ’IBHOﬁ, HAHOJ3JICKTPOHUKH. Tex-
aHalIn3a HOJIOTHA H3IOTOBJICHHUA 5JICMCHTOB 3HeKTp0HH01>'I TeXHUKH. OCHOBHEIC

TEHJICHIINY Pa3BUTHS DJICKTPOHHON KOMIIOHEHTHOM 0a3bl




3. PE3YJIBTATBHI OCBOEHUSA JUCIHUIIJIMHbI «<HAHOCHUCTEMBI. METO/bI I1O-
JYUYEHMS U CBOMCTBA»
[Tpouecc u3yueHus: AUCUMILTUHBI HAMpaBlIeH HAa (OPMUPOBAHUE AIIEMEHTOB CIEAYIOIIUX KOMIIe-
teHuuit B cootBercTBUM ¢ ®I'OC BO no nanHoMy HanpaBJIeHUIO:

Kon HauMmenoBanue koMnereHuu Huauxkarop no- | B pe3yiabTare ocBoeHMsI AuC-
KOMIIe- CTHKEeHUsI KOM- HUILTHHBI 00y4alonmuiics
TeHIHH neTeHI JOJIKEeH

OIIK-1 NudopmannonHo- CrnocoGen nipu- MK ok,
KOMMYHHUKATHUBHAsl FPaMOTHOCTb MEHATH PyH1a- 3HaeT TEOPUIO U OCHOBHBIE
MIPH pEIICHUN TPO(HECCUOHATBHBIX | MCHTAJILHBIC 3HA- | 3aKOHBI B 00JIACTH €CTECTBEH-
3a1a4 HHS B 00J1acTH HOHAYYHBIX JUCIUIUINH
(bu3uKy 11 pe- MK orki-2.
IIEHUS] HAy4YHO- YMeeT HCIOoJIB30BaTh €CTe-
HCCJICIOBATEIb- CTBEHHO-HAYy4YHBIC 3HAHUS TPHU
CKHX 3a/a4, a 00BSCHEHHH SKCIIEPUMEHTOB,
TaK)Ke BIAJCTh perieHust IpodeccCHoHaTbHBIX
OCHOBaMH ITe/ia- 3ajady.
roruku, Heooxo- | MK orx-3.
JTUMBIMH JIJIS1 Brnaneer ocHoBaMu negaroru-
OCYICCTBIICHUA KM, HEOOXOTUMBIMU JJI OCY-
MperoaBaTelib- IIECTBJICHUS MIPEIO/IaBaTeb-
CKOH JIEATENBHO- | CKOM JICSTSIBHOCTH U PadOThI
CTH; B HaY4HBIX Tpynnax.
OIIK-4 CrnocobeH orpe- WK orks-1

IeNATh chepy
BHEJPEHHS pe-
3yJIbTATOB HAY4-
HBIX MCCIIe0Ba-
HUI B 00acTu
cBoeilt mpodeccu-
OHAJILHOM Jesi-
TEJIILHOCTH

Bnaneet naBsikamu Opath OT-
BETCTBEHHOCTb 32 MOCIIEICTBHS
CBOUX PEILICHUH, KACAIOIIUXCS
npogecCHOHATBHOM NesITeb-
HOCTH

YMeeT npuHUMATh PEIICHHS B
ctepe cBoeit npo-
(beccroHaNbHOM NesITeNbHOCTH,
BBICKa3bIBaTh, 000CHOBHIBATH U
OTCTaMBaTh CBOIO TIO3UIHIO T10
BOIIPOCAM, KaCaIOIIUMCS TPO-
(beccroHaIbHON NeATETHHOCTH.
CriocoOHOCTh NPUMEHSTh Ha
NpPaKTUKE YMEHHS U HaBBIKH B
OpraHU3alMy HCCIIeI0BATEb-
CKHUX U MPOEKTHBIX padoT, cIio-
co0€H CaMOCTOATENbHO Opra-
HU30BBIBATh U MPOBO/IUTH
HayYHbIC UCCIICIOBAHUS U
BHE/IPATH UX PE3YJIbTaThl B Ka-
YeCTBE YWICHA WM PYKOBOIUTE-
JIs1 MAJIOTO KOJUICKTUBA




NJK onka-2

CriocobeH K aOCTpaKTHOMY
MBIIUICHUIO, aHAIU3Y, CHHTE3Y
TOTOB K CAMOPa3BUTHIO, CaMopea-
JIU3al1H1, UCTI0Ib30BAHHUIO TBOP-
YeCcKOro MOTEHIIHANA JIJIS petie-
HU 33724 IpodeccHoHaIbHOM
JESTETHLHOCTH; CIIOCOOEH HCIOTb-
30BaTh B MPoheCCHOHAITBHOM aes-
TEIHHOCTH YTITyOeHHbIe hyH/Ia-
MEHTaJbHbIC 3HAHHS, TIOTyYeH-
HEIE B 001aCTH (PU3HKH.

WK orixs-3

CniocoOeH BbIOMpATh LIENH CBOEH
JeATeIILHOCTH U ITyTH UX JOCTH-
’KEHHS, TIPOTHO3UPOBATH MOCIIE-
CTBHSI HAYYHOM, IPOU3BO/ICTBEH-
HOH U COIMATIBLHOM ACATCIHLHOCTH,
HNPUMEHSTH COBPEMEHHBIE METO-
IIbl aHAHM3a, 00pabOTKY U Tpe/I-
craBieHus HHPopMaIu B chepe
npoecCuoHaIbHOHN IeATENbHO-
CTH, CTAaBHUTh U peIaTh 3aJa4H,
YMETh CHCTEMHO aHAJIN3UPOBATh
Hay4YHbIe TPOOIIEMBI, TEHEPHPO-
BaTh HOBBIC UJEU H CO3/1aTh HO-
BOC 3HAHHE -

4. CTPYKTYPA JUCHUIIJIMHBI
4.1. CTpyKTypa TUCHUNIHHBI (MOIYJIA)

OO61mas TpyA0eMKOCTh AUCHUIIINHBI COCTaBIsIeT 6 3a4eTHBIX eAuHMI, 216  4acos.

Ta6nauuna 4.1
Buibl yueOHOM paboThI Bcero wac/3au. en.
KonTakTHas padora (Bcero) 88/2.4
Jlexumu (JT) 54/1,5
[Mpaktuueckue 3austus (I13) 54/1,5
CamocrosiTelibHast pa6oTa (Bcero) 101/2,8
Kypcosas pabota, moAroroBka K npakTHYECKUM
3aHATUAM
KonTtpons camocrosTenbHOi paboTh 27
Bun otuetHOCTH 9K3aMEH
OO01ast TPY10€MKOCTh 216/6

4.2. Conep:xanue JUCUUIMIMHBI

Tab6umna 5.1 |




PA3JEJIBI MOAYJIN) JUCHUIIJIMHBI B CEMECTPE

Jlextym, (qacer)

IIpakTrueckue 3aHATUS
(ITP), uac

C PC eaunuiip! (4achl)

Bcero, gac

Moayas 1. Beenenne. UcTopusi pa3sBUTHA HAHOTEXHOJIOTHH.
[IpuopurteTHbie HANIPABJIEHUS HAHOTEXHOJIO0THU. OCHOBHBbIE
Hay4YHble TEPMHHBbI U ONIpe/ieIeHusl

w

Tema 1.1. [loHaTre HAHOTEXHOJIOTUNA

16

44

Tema 1.2. Pa3zButue HanotexHosiorui. [I[puopurerHsie Hanpasie-
HUS HAHOTEXHOJIOTUU. Pa3HOBHUIHOCTH HAHOMATEPUAIOB: KOHCO-
JUAUPOBAHHBIE HAHOMATEPUAJIbl, HAHOMOIYIPOBOIHUKH, HAHOTIO-
JTUMEpBI, HaHOOHOMaTepuabl, Py/UIePEHBI U TYOYIISIPHBIC HAHO-
CTPYKTYpBI, KaTaau3aTopbl, HAHOTIOPUCTHIE MaTEPHAIIbI U CYIIPaMO-
JeKyJsIpHbIe CTPYKTYpbl. HaHowactuiis! (HaHomopomiku). Hayka o
MaJiopa3MepHbIX 00bekTax (nanoscience).

Tewma 1.3. EctecTBeHHBIE IrpaHUIBI PA3BUTHUS CYIIECTBYIOIICH
MUKPO3JIEKTPOHUKHU. KBaHTOBBIE SIMBI, TPOBOJIOKH U TOUKH.

Tema 1.4. Coznanne HaHOOOBEKTOB 110 IPUHLIUIIAM «CBEPXY —
BHU3» U «CHU3Y — BBepX». PaHTacTHUECKHE BO3MOKHOCTH HAHO-
TexHOJ0ruu. OCHOBHBIC HAYYHBIC TEPMHUHBI U OIIpEACICHUS (HaHO-
MaTepualbl, HAHOTEXHOJIOT s, HAHOAMArHOCTHKA, HAHOCHCTEMO-
TexHHKa). DyHIaMeHTaIbHBIE TPOOJIEMbI HHIYCTPUH HAHOCHCTEM.

Moayab 2. HaHOTeXHOJI0THH «CBepXy — BHU3»

Tema 2.1. @opMupoBaHue TBEPIOTEIBHBIX HAHOKIJIACTEPOB. TBEp-
JIOTEJIbHbIE XMMHUECKHE PEAKIINH.

Tema 2.2. MexaHOXUMHUYECKHE IPEBPAILCHUS. Y JapHO- BOJTHOBOMH
cuHTe3. HaHOCTpyKTyprpOoBaHue o AeMCTBUEM JaBJIEHHUS CO
casurom. HanoctpykTypupoBaHue myreM KpuUCTaJIIM3aluu
aMopdHBIX cTpyKTYp. KoMnakTupoBanue (KOHCOMHMIAINS) HAHO-
KJIACTEPOB

MOIly.TIb 3. OCHOBBI HAHOTEXHOJIOTHH KOHCOJIUIAUPOBAHHBIX
MaTepHajioB

Tewma 3.1. [TopourkoBbie TexHOJMOTUH. KOHIeHCAlIMOHHBII METOT
(meTox I'mefitepa). BeicokoaHnepreTruueckoe u3mMenbyeHne. Mexa-
HOXUMHYECKui cuHTe3. [Inmasmoxumuueckuii cunre3. CUHTE3 B
YCIOBHUSX YJIbTPa3BYKOBOI'O BO3JICUCTBUSI. DIEKTPUUYECKUN B3PbHIB
MPOBOJIOYEK. METOIbl KOHCOMUAAIMHU. DIEKTPOPA3PSIAHOE CIIEKa-
uue. aTeHcuBHas mactudeckas aedopmarus (KpydeHue 1Mo/ BbI-
COKHM JIaBJICHHEM, PAaBHOKAHAJILHOE YIJIOBOE MPECCOBAHME).

Tema 3.2. KonTponupyemas KpucTaum3aius 13 aMoppHOTO co-

CTOsiHUSA. TeXHOJI0rns HAHOCTPYKTYPUPOBAHHBIX IJIEHOK M MOKPBI-
TN TEPMUYECKOE UCIIAPEHUE, HOHHOE OCAXKIECHUE, OCAKICHUE U3
ra3oBoil (a3sl, UMITyJIbCHOE IEKTPOOCAKIECHNE, TA30TEPMUUECKOE
HaIbUICHUE, TEPMUYECKOE PA3JIOKEHUE.

Tema 3.3. OCHOBBI HAHOTEXHOJIOTMH TTOJTYITPOBOJHUKOBBIX MaTe-
puanoB. MonekyJsipHOIy4YeBas dJNUTakcus. MexaHu3Msl pocra




HaHoIUIeHOK 1o Donbpmepy- Bebepy, @panky- Ban nep Mepse,
Kpacranoy- Ctpanckomy. Meroasl CVD u PCVD. Texnonorus
MOJIyYEHUS TOJYIIPOBOJHUKOBBIX KBAHTOBBIX TOUEK.

Tema 3.4. OCHOBBI TEXHOJIOTUH MTOJIMMEPHBIX, IIOPUCTHIX, TPyOUa-
TBIX U OMOJIOTMYECKUX HaHOMaTepuanoB. [ uOpuiHbIe U cynpamo-
JeKyJIsipHBbIe MaTepualibl. HaHomopucThie MaTepHuaibl (MOJICKYIISIp-
Hble cuta). TpyOuarsie HaHOMaTepHabl. [lonrMepHbIe HAaHOMATE-
puansl. Hanomarepuansl, mojrydeHHbIE METOZIOM CaMOCOOPKH.

Mopnyasb 4. OcHOBHBIE METOABI CO31aHNS HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METO/IbI CO3J]aHUSI HAHOCTPYKTYP: JEKTPO-
HOJIUTOrpadusi © HAHOUMIIPUHTHHT, JIOKAJIbHS SMUTAKCUS U ATIH-
TaKCHS IIOBEPXHOCTHO HAIPSDKEHHBIX CTPYKTYP, caMo(opMupoBa-
HHE ¥ CHHTE3 B MaTpUIax (TEMIUIATHBIN CUHTE3), 30HIOBbIC METO-
JIb1 TuTorpaduu.

Tema 4.2. MeToJ TOKaJILHOTO 30HI0BOr0 okucienus. Pusuko- xu-
MHUYECKHE OCHOBBI METO/1a JIOKAJILHOI'O 30HIOBOI'0 OKUCIIEHUS.
OCcoOCHHOCTH CO3/TaHUS AIECKTPOTPOBOISAIINX 30H/I0B.

Tema 4.3. Kunetuka mpoliecca JOKaIbHOTO 30HI0BOT0 OKHCIICHUS
MOJTYTIPOBOTHUKOB U CBEPXTOHKHX METAJUTMUECKUX TUIEHOK. MeToj
dbopMHUpPOBaHUS TUATIEKTPUUECKON TUICHKH, MOAYJIUPOBAHHOM 10
tonuuHe. Vcrnonb30BaHre METo/ja IOKATbHOT'O 30HA0BOTO OKHCIIE-
HUS JJIs1 CO3aHUsI HAHOCTPYKTYP U DJIEMEHTOB HAHODJIEKTPOHUKH.

Moayab 5. Oco6eHHOCTH HAHOCTPYKTYPbI HAHOMATepPHAJI0OB

Tema 5.1. O6mas xapakrepuctuka. Kinaccudukaims KOHCOIHUIH-
POBaHHBIX HAHOMATEPHUAJIOB 110 COCTABY, PaclpeIeiCHUI0 U Gpopme
CTPYKTYPHBIX COCTABIISIOIINX.

Tema 5.2. 3epHa, CJIOH, BKIIFOYCHHS U MTOPBI B KOHCOJIMAUPOBAHHBIX
HaHOMAaTCpHaJIax.

Tema 5.3. JledekThl, MOBEPXHOCTHU pa3jena, MIOrpaHUYHbBIE CeTpe-
raiuu. @akrop [ebas— Yomiepa.

Tema 5.4. CTpykTypa MOJMMEPHBIX, OMOJIOTHUYECKUX U YTIEPOIHBIX
HaHoMaTepuasioB. HaHononmMepHbIe, CylpaMoNIeKyJIIpHbIE, HAHO-
OMOJIOTUYECKHE U HAHOTIOPUCTHIE CTPYKTYPhl. OCHOBHBIE THUIIBI
MaKpOMOJICKYIISIpHO# apxutekTypbl. Temrutatsl (mabnonsn). Cy-
MIPaMOJIEKYSIpHBIE CTPYKTYPHI. TyOynspHbIe U TYKOBUYHbBIE
cTpyKTypHl. [Iporeccsl camocOopku.

Mopayas 6. ®u3nyeckne cBOiCTBa HaHOMaTepuaJoB. Pazmep-
Hble 3P PeKTHI.
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Tema 6.1. Beenenne. OCHOBHBIE OCOOCHHOCTH MIPOSIBICHUS pa3-
MepHbIX 3()(PEeKTOB B HAaHOMaTepHasiax. DJIEKTPOHHOE CTPOCHHE
HaHoMmatepHraoB. KBaHTOBbIE 3((eKTHI.

Tema 6.2. ®a3oBbie paBHOBCCHUA U TCPMOANHAMUKA HAHOMATCpHa-
JIOB.

Tema 6.3. @OHOHHBIN CHEKTP U TEIUIOBbIE CBONCTBA HAHOMAaTepHa-
JIOB.

Tema 6.4. HpOBOI[I/IMOCTL, OINITUYCCKUC XaPAKTCPUCTUKH, TUIJICK-
TPUYCCKas NPOHUIACMOCTD U TCIIJIOMPOBOJHOCTE HAHOMATCPHAJIOB.

Tema 6.5. [lepkosMOHHAs TPOBOIUMOCTH U TJIa3MEHHBIN pe3o-
HAHC B HAHOMaTepuasoax.

Tema 6.6. CTpykTypa, dTEKTPHUECKHUE U ONITUYSCKUE CBOWCTBA
MJICHOK aMOP(HOTO aIMa30moI00HOTO YIIepoia, CoAepIKaIINX Ha-
HOKJIacTepsl cepedpa (a-C:H<Ag>).




Tema 6.7. CTpyKTypa, dIEKTPUUECKHE U ONITUICCKUE CBOMCTBA
amopdubIx wieHok XCII, moay4eHHBIX pa3HbIMU MeToaMu. HaHo-
reTepoMopdu3M aMOPGHBIX CTPYKTYP.

Tema 6.8. MaruuTHbIE CBOMCTBA HAHOMATEPHAIIOB. THAMAarHETUKH,
napaMarHeTHkH, heppoMarHeTuky, atueppoMarneTukuu, peppu-
MarHeTHku u ¢pepputsl. CynepnapaMarHuTHOE COCTOsIHHE. MarHu-

TOKAJIOPUUCCKHH YPDEKT.

Tema 6.9. Mexanndeckre CBOMCTBa HAHOCTPYKTYPHBIX MaTepua-
noB. [Ton3ydects. Bszkocts (BHyTpeHHee TpeHue). HeynpyrocTs.
TBeprocTh, MPOYHOCTH, MIIACTUYHOCTH, YIPYTHUE XapaKTePUCTUKU
HAaHOMAaTEpHAJIOB.

Tema 6.10. TeopeTrueckoe pacCMOTPEHHE MEXaHU3MOB Aehopma-
MU HaHoMaTepuaaoB. OCHOBHBIC PE3YJIbTATHI.

Tewma 6.11. CtabunbHOCTH HAHOCTPYKTYP. PocT 3epen. uddys3us.
OO011re 3aKOHOMEPHOCTH, pocTa 3epeH (PeKpUCTaIM3aliu) B
HaHoMaTepHuaiax. PeakimonHas ciocoOHocts. Karanus.

Mopnyas 7. [IpumeHeHre HAHOMATEPHAJIOB 4

Tema 7.1. Beenenue. IlpuMeHeHne KOHCTPYKIIMOHHBIX, UHCTPY-
MEHTaJIbHBIX U TPHOOTEXHUYECKHX HaHOMaTepuaioB. [Ipumenenue
IIOPHUCTBIX HAHOMATEPHUAJIOB U HAHOMATEPUAJIOB CO CIIEHUAIIHBIMU
(GU3UKO- XMMUYECKHMU CBOMCTBAMHU.

Hroro

54 54 101 | 216

IlpakTH4yecKkue 3aHATHA

Taoauna 5.2
Ne Homep | HammeHoBaHMe pa3jesa 1 TeMbl JUCHMIIHHBI
n/n | Jexkuum
1 2 3

MOAYJIb 1. Beenenune. Uctopus pasputust HaHorexHosjoruu. Ilpuopu-
TeTHbIC HANIPABJICHUS HAHOTEXHOJIOTHH. OCHOBHBIC HAYYHbIE
TEPMHUHBI M ONpeAeJIeHUst

Tema 1.1. IloHaTHEe HAHOTEXHOJIOTHHU

Tema 1.2. Pa3Burtue HanotexHosoruil. [IppoputeTHble HanpaBIeHUs] HAHOTEX-
HOJIOTMH. Pa3HOBUIHOCTH HaHOMAaTEPUAJIOB: KOHCOJIUIMPOBAaHHbIE HAHOMATE-
pHabl, HAHOTIOJIYITPOBOIHUKH, HAHOTIOJIUMEPHI, HAHOOMOMAaTepuabl, Qyie-
PEHBI U TYOYJISIpHbIE HAHOCTPYKTYPBbI, KaTaIU3aTOPhl, HAHOIIOPHCTHIE MaTepH-
Tkl ¥ CYIPAMOJICKYJIIPHBIE CTPYKTYphl. HaHOYaCTHIIBI (HAHOMIOPOIIIKH).
Hayxka o manopasmepHbIx 00bekTax (nanoscience).

Tema 1.3. EcTecTBeHHBIE TPAHUIIBI PA3BUTHUS CYIIECTBYIOIIEH MUKPOIJIEKTPO-
HUKHU. KBaHTOBBIE SIMBI, IPOBOJIOKH W TOUYKHU.

Tewma 1.4. Coznanue HaHOOOBEKTOB TIO MMPUHITUTIAM «CBEPXY — BHU3)» U «CHU3Y
— BBepx». DaHTacTUUeCKre BO3MOKHOCTH HAHOTEXHOJIOTUH. OCHOBHBIE Hay4-
HbIE TEPMHHBI K OTIpeieieHus (HaHOMaTepralbl, HAHOTEXHOJOTHS, HAHO M-
THOCTHKA, HAHOCUCTEMOTEXHHKa). DyHIaMeHTaIbHBIC TPOOJIEMbI HHTYCTPUH
HAHOCHCTEM.

Monayab 2. HaHOTeXHOJIOTHH «CBePXy — BHH3»

Tewma 2.1. @opMHupoBaHHE TBEPAOTEIBHBIX HAHOKJIACTEPOB. TBEPAOTEIBHBIE
XUMUYECKHUE PEaKIUU.

Mopayasb 3. OcHOBbI HAHOTEXHOJIOTHH KOHCOJIHINPOBAHHBIX MaTePUATOB




Tema 3.1. [Topomkossie TexHogoruu. KonmeHcannonusnii metox (Merox I'neii-
Tepa). BeicokosHepreTHueckoe u3MenbucHre. MexaHOXUMHUYCCKUN CHHTE3.
[Tnazmoxumuueckuii cuHTe3. CHHTE3 B YCIOBHUSAX YJIBTPA3ByKOBOI'O BO3/ICH-
CTBUS. DJIEKTPUUECKUHN B3PBIB MTPOBOJIOUEK. METOIbI KOHCOMU AU, DIIEK-
TpopaspsaHoe criekanue. IHTeHCHBHAS MiacThyeckas aedopmaist (KpydeHue
110]1 BBICOKHM JIaBJICHHEM, PAaBHOKAHAJIbHOE YIJIOBOE MPECCOBAHME).

Tema 3.3. OCHOBBI HAHOTEXHOJIOTMH MOJIYITPOBOJHUKOBBIX MaTepuaaoB. Mo-
JEKYJIPHOIYUYEBask AMUTAKCUS. MeXxaHU3Mbl pocTa HaHOILIIEHOK 110 Donbmepy-
Bebepy, @panky- Ban nep Mepse, KpacranoBy- Ctpanckomy. Metonst CVD u
PCVD. TexHonorust noxy4eHus! MOJIyIpPOBOAHUKOBBIX KBAHTOBBIX TOYEK.

Mopnyasb 4. OcHOBHBIE METOABI CO31aHUSI HAHOCTPYKTYP

Tema 4.1. OcHOBHBIE METO/IbI CO3/IAaHHSI HAHOCTPYKTYP: AJIEKTPOHOIUTOTrpadust
Y HAHOMMITPUHTUHT, JIOKQJIbHS 3MUTAKCUS U SIIMUTAKCUS TIOBEPXHOCTHO Harpsi-
KEHHBIX CTPYKTYp, CaMO(pOPMUPOBAHUE U CHHTE3 B MaTpHLaX (TeMIUIATHBIN
CHHTE3), 30HJIOBbIC METO/IbI JTUTOrPA(UH.

Moayab 5. Oco0eHHOCTH HAHOCTPYKTYPbl HAHOMATEPHUAJIOB

Tema 5.1. Obmas xapakrepuctuka. Kinaccuukaimsi KOHCOIUIUPOBAHHBIX
HAHOMATEPHAJIOB TI0 COCTABY, PACIIPEICIICHUIO B (POPME CTPYKTYPHBIX COCTAB-
JSIOUTHX.

Tema 5.2. 3epHa, CIIOH, BKJIIFOUCHHUS U TIOPBI B KOHCOJUIMPOBAHHBIX HAHOMATE-
puanax.

Tema 5.3. JledekThl, MOBEPXHOCTH pa3jielia, MorpaHudHble cerperanuu. dak-
top Jlebas— Yomnepa.

Tema 5.4. CTpyKTypa MOJUMEPHBIX, OMOJIOTHYECKUX U YTIEPOIHBIX HAHOMA-
TepuanoB. HanononumepHsle, cynpaMoieKysipHble, HAHOOUOJIOTHYECKUe U
HAaHOTIOPUCTHIE CTPYKTYPhl. OCHOBHBIE THUITBI MAKPOMOJIEKYIISIPHONU apXHUTEK-
Typbl. Temrutatsl (11abnonsr). CymnpaMoeKysipHbie CTPYKTYphI. TyOysipHbIe
Y JTYKOBHYHBIE CTPYKTYpHI. [Iporieccel camocOoOpKHu.

Monayas 6. ®u3nyeckne CBOCTBA HaHOMaTepuaaoB. PazmepHbie 3¢ dek-
ThL.

Tewma 6.1. Beenennie. OCHOBHBIE OCOOCHHOCTH TIPOSIBJIICHUS pa3MEPHBIX d(-
¢dbexToB B HaHOMaTepuanax. DIEKTPOHHOE CTpOeHUE HaHOMaTepuaioB. KBan-
TOBBIE A ()EKTHI.

Tema 6.2. ®azoBbie PaBHOBECHUA U TCPMOANHAMUKA HAHOMATCPUAJIOB.

Tema 6.3. DOHOHHBIN CIEKTP U TEIUIOBbIE CBOMCTBA HAHOMATEPUAJIOB.

Tema 6.4. [IpoBOAMMOCTD, ONITUYECKUE XAPAKTEPUCTUKHU, AUDIEKTPUUECKaAs
IIPOHULIAEMOCTD U TEILIONPOBOJHOCTh HAHOMATEPUATIOB.

Tema 6.5. [lepkonauroHHasi MPOBOJIMMOCTD U TUIA3MEHHBIN PE30HAHC B HAHO-
MaTepualoax.

Tema 6.6. CTpykTypa, dJIESKTPHISCKHE U ONITHICCKUE CBOKWCTBA TUICHOK
aMop(HOTO aTMa30MoI00HOTO YIiIepo/ia, CoAepKAIIUX HAaHOKIACTePhI cepedpa
(a-C:H<Ag>).

Tema 6.7. CTpyKkTypa, dSAEKTPUUECKUE U ONTHICCKHE CBOMCTBA aMOP(HBIX
wienok XCII, monydeHHbIX pa3HbIMU MeTo1aMu. HanorerepoMmopduzm

aMOpP(HBIX CTPYKTYP.

Tema 6.8. MarHuTHbIE CBOMCTBa HAHOMATEPHAJIOB. JMaMarHETUKH, ITapaMar-
HETHKH, GeppOMarHeTHKH, aTu(peppoOMarHeTukuu, heppuMarHeTuku u gpeppu-
Thl. CyrneprnapaMarHuTHOE COCTossHuEe. MarHuTokanopuieckuit 3 dexr.

Tema 6.9. Mexanndeckrue CBOMCTBA HAHOCTPYKTYPHBIX MaTepuaiioB. [Tomsy-
4ecTh. BsizkocTh (BHyTpeHHee Tperne). Heynpyrocts. TBepaocTh, IPOYHOCTS,




MJIACTUYHOCTD, YIIPYTHe XapaKTepPUCTUKU HAHOMATEPUAIIOB.

Tema 6.10. TeopeTnueckoe pacCMOTPEHHE MEXaHU3MOB JiehopMaIii HaHOMa-
TepuanoB. OCHOBHBIE pe3yIbTaThI.

Tema 6.11. CtabuiabHOCTH HAHOCTPYKTYP. PocT 3epen. uddysus. Obmue 3a-
KOHOMEPHOCTH, pocTa 3epeH (peKpuCTa/UIM3alii) B HAaHOMaTepraiax. Peak-
IIMOHHAs crtocoOHoCTh. KaTtanus.

Mopnyas 7. IIpuMeHeHre HAHOMATEPHAJIOB

MH.

Tema 7.1. Beenenue. IlpuMeHeHne KOHCTPYKIIMOHHBIX, MHCTPYMEHTAJIbHBIX U
TpUOOTEXHNYECKUX HaHOMaTepuasoB. [IpuMeHeHne nopucTbix HaHOMaTepHua-
JIOB ¥ HAHOMATEPUAJIOB CO CIIEHUAIBHBIMU (PU3UKO- XMMUYECKHMHU CBOWCTBA-

5. Oobpa3oBare/ibHbIE TEXHOJIOTHHI

Ner.i. | Tema nporpammel aucuuiuineel | [IpuMensiemble TeXHOIOTUU Koin-Bo
ayJIuT.
4acoB

1 Benenne. Vcropusi pa3BUTHS | KIACCHUECKOE TPAAULIMOHHOE; JIEKI[MOH- 10
HaHOTEXHOJIOTHH. HOE 00yvCHHEe
2 [TpuoputetHble HalpaBJICHUs | KJIACCUYECKOEe TPAaJUIMOHHOE; JIEKLUOH- 12
HaHOTEXHOJIOTHH. OcHOBHBIE | HOE 00yUeHHe, HATISIHBIE, TIPOTPAMMHUPO-
Hay4Hble TEpMHUHBI U ONIpEJele- | BAHHbIE
HUS
3 OCHOBBl HAaHOTEXHOJIOTMU KOH- | KJJACCMYECKOE TPaJUILMOHHOE; JIEKIIUOH- 12
COJIMJMPOBAHHBIX MaTepUaJIOB HOe 00yueHue, BepOabHbIe (aya1o)
4 OCHOBHBIE METO/IbI CO3/1aHUS KJIACCUYECKOE TPATUIIMOHHOE; JIEKIIMOH- 12
HAHOCTPYKTYP. HOE 00yd4eHue, HarJsIIHbIE, TPOTPaMMHPO-
BaHHbIE
5 OCOo0EHHOCTH HAHOCTPYKTYPHI KJIACCUYECKOE TPATUIMOHHOE; JIEKIMOH- 13
HAHOMATEpPHAJIOB HOE O0Oy4eHHe, CaMOCTOsITeIbHAs paboTa
6 dusnueckue CBOWCTBA HAHOMa- | KJIACCHMYECKOE TPaJUIMOHHOE; JIEKIIMOH- 14
tepuanoB. PasmepHblie 3pdexTrl. | Hoe 00yueHue, caMoo0yueHue
7 [IpumMeHeHne HAaHOMATEPHATIOB KJIACCUYECKOE TPATUIIMOHHOE; JIEKIIMOH- 15
Hoe 00y4yeHue, TUCTAaHLIUOHHBIE

6. YueOHO-MeTOAUYeCKOe OOecliedeHHe CaMOCTOSITeIbHONH padoThl cTy1eHTOB. OueHOYHbIe
cpeacTBa AJs TeKyIIero KOHTPOJIsl yCIeBaeMOCTH, IPOMEKYTOYHOH aTTecTAllMU M0 UTO-

raM OCBOCHMUHA JUCIUIIJIMHBI.

HCKOTOpLIC TEMBbI BEIHOCATCA HAa CAMOCTOATCIIbBHOC U3YUCHUC. I/ISY‘ICHI/IC 9TUX BOIIPOCOB BO3MOKHO C

MCIIOJIb30BaHUEM 3JIEKTPOHHBIN KypC TMCHUIUIMHBI, HanucaHHOro caMuM aBTopoM (A.X Matues).
[lepeuyeHb TeM, BBIHOCUMBIH JUIsl CAMOCTOSITENIbHOM paboThI MpeacTaBieH B Tabmuie 7.1.

6.1. Iliian camMocTOATEIbHOI PadOTHI CTY1eHTOB

Taoauma 7.1




Bun Pexomennyemas | KonnuectBo
Ne Tema CaMOCTOSITENIbHOM | 3ajaHue | JIUTEparypa 4acoB
HEI. paboThI
DopMUPOBaHUE TBEPIO- Hammcame U3YUYUTh | DJIEKTPOHHBIN 4
1 | TEJIBHBIX HAHOKJIACTEPOB. KOHCIIEKTa kypc TKC
TBepaOTENbHBIE XUMHYE- (A.X Marues).
CKHUE PEAKIIMH.
OO0wmas xapakTepuCcTHKa. Hammcamie U3YUYUTh | DJIEKTPOHHBIN 4
2 | Knaccugukanus KOHCOIH- KOHCIIEKTA kypc TKC
JUPOBaHHBIX HAHOMAaTEpHa- (A.X Matues).
JIOB II0 COCTaBy, pacipese-
JeHHIO U PopMe CTPYKTYp-
HBIX COCTaBJISIOIINX.
®da30BbIC PABHOBECHSA U Hammcame U3YUYUTh | DJIEKTPOHHBIN 4
3 | TepMOAMHAMHUKa HAaHOMATe- KOHCIIEKTa kypc TKC
pHAJIOB. (A.X Marwues).
CrpyKTypa, 2JIeKTprUUecKue Hammcanme U3YUYUTh | DIIEKTPOHHBIN 4
3 U ONTUYECKHE CBOMCTBA KOHCIIEKTA kypc TKC
IJICHOK aMOp(HOTro ajiMa3o- (A.X Martwues).
MoA00HOTO yriaepoa, co-
Jep KaliuX HaHOKJIaCTephl
cepedpa (a-C:H<Ag>).
MarHuTHble CBOICTBa Hammcanme U3YUYUTh | DIEKTPOHHBIN 4
4 | HaHOMaTepHUaJIOB. JHaMar- KOHCIIEKTa kypc TKC
HETHKH, MTapaMarHeTUKH, (A.X Martwues).
beppomMarneTukH, aTudep-
poMarueTukuu, peppumar-
HeTHKU U Qpepputsl. Cymep-
IapaMarHUTHOE COCTOSTHUE.
Maruaurtokanopuieckuii 3¢-
(exT.
Bsenenue. [Ipumenenue Hammcanme U3YYUTD | DIEKTPOHHBIN 4
5 KOHCTPYKIIMOHHBIX, UH- KOHCIIEKTa kypc TKC
CTPYMEHTAJIbHBIX U TPUOO- (A.X Matues).
TEXHUYECKUX HAaHOMaTepHa-
n0B. [IpuMeHeHne NOpUCTBIX
HAaHOMATEpHAJIOB U HAHOMa-
TEPUAJIOB CO CIIELUAIbHBIMU
$U3UKO- XMMUYECKUMHU
CBOMCTBAMH.

6.2. MeToanyeckne yKka3aHusi 10 OPraHU3alul CAMOCTOSATEIbHON PadoThl CTY1eHTOB

CTy,Z[CHT, HCIIOJIB3YA 3JICKTPOHHOC y‘-IC6HOC HOCOGI/IG, a TaKXKe By3OBCKI/II71 y‘-Ie6HI/II( 1o MOJ'ICKy-
J'ISIpHOfI (1)1/131/11(6 U TCPMOJUHAMHUKE U3Yy4dacCT HaHHBIfI MaTepHrall U COCTAaBIACT KOHCIICKT KOHCIICKThLI B

JAOMAITHUX YCIIOBUSX.

a. KoHTpoJb 0cBOeHUSI KOMIIETeHIUH

Tabmuma 8.1




Komnerenmnum,
Ne Bun xonrpons Kontpomupyemsie Tems (MO/IYJIN) KOMIIOHEHTBI KOTOPBIX
m\ KOHTPOJHUPYIOTCS
1 IIposepka Monyinb 2. HanoTtexHosioruu
KOHCIIEKTOB «CBEPXY — BHU3» VK-1
2 IIposepka Monyib 3. OCHOBBI HAHOTEXHOJIOTUU
KOHCIIEKTOB  [KOHCOJMJIUPOBAHHBIX MAaTEPUATIOB OIIK-1, OIIK4
3 IIpoBepka Mopynb 4. OCHOBHbBIE METO/IbI CO3aHUs
KOHCIIEKTOB  [HAHOCTPYKTY] OIIK-1, OIIK-4
IIpoBepka Moaynb 5. OcoOEHHOCTH HAHOCTPYKTYPhI
KOHCIIEKTOB  [HAHOMAaTE€pHUAJIOB OIIK-1, OIIK-4
IIpoBepka Mopyns 6. ®u3nveckrue CBONCTBa HaHO-
KOHCIIEKTOB  (MaTtepuajioB. PazmepHbie 3 (eKTHI. OIlIK-1, OlIK-4
IIpoBepka Mopyns 7. [IpuMeHeHre HaHOMaTepUaIoB OIIK-1, OlIK-4
KOHCIIEKTOB

6.3. MarepuaJbl AJis1 IPOBeJACHUS TEKYIIEro U MPOMeKYTOYHOr0 KOHTPOJISAA 3HAHUM CTYy/IeH-
TOB
IIpumepHBbIii NepevYeHb BONPOCOB, BLIHOCUMbBIX HA 3K3aMeH

IloHsiTHE HAHOTEXHOJIOTUN.

Pazsutne HaHoTexHOJIOTHM. [IprOpUTETHBIE HAIIPABICHUS HAHOTEXHOJIOTHH.

Pa3zHoBHIHOCTH HAHOMATEPUAJIOB: KOHCOJUANPOBAHHBIE HAHOMATEPHaIbl, HAHOIIOJIYIIPOBO/I-
HUKH, HAHOTIOJIUMEPHI, HaHOOMOMaTepHabl, QyJJIepeHbl U TYOYJIIpHblE HAHOCTPYKTYPHI, Ka-
TaJU3aTOPBl, HAHOIIOPUCTBIE MaTEPUAbl U CYIIPaMOJIEKYJIIpHbIE CTPYKTYpbl. HaHO4acTuIbI
(ranomopomiku). Hayka o Manopa3zmepHbix o0bekTax (nanoscience).

EcTecTBeHHbIE IPAaHULIBI PA3BUTHS CYILECTBYIOLIEH MUKPOAIEKTPOHUKH.

KBaHTOBBIE SIMBI, IPOBOJIOKU M TOUKH.

Coznanue HaHOOOBEKTOB MO MPUHIIUIIAM «CBEPXY — BHU3» U «CHHU3Y — BBEPX ).
PaHTaCTUYECKHE BO3MOKHOCTH HAHOTEXHOJIOTHH.

©® N o Uk

OcHOBHbBIC HAyYHbIE TEPMUHBI U ONpe/e/icHus (HaHOMAaTepHasibl, HAHOTEXHOJIOTHs, HAHOIHa-

THOCTHMKA, HAHOCUCTEMOTEXHHKA).

9. ®dynaameHTaIbHBIC TPOOIEMbI HHIYCTPUU HAHOCUCTEM.

10. @opMUpPOBaHUE TBEPAOTEIBHBIX HAHOKIACTEPOB. TBEPIOTEIbHBIE XUMUUECKUE PEAKIIUH.

11. MexaHOXMMHYECKHE MPEBPAILEHUs. Y TapHO- BOJHOBOM CHHTE3. HaHOCTpYKTypHpOBaHue moj
JICWCTBUEM JIaBJIICHUS CO CABUIOM.

12. HaHOCTpYyKTYypHpOBaHUE MTyTEM KpUCTAIU3AIMU aMOop(HBIX CTpyKTyp. KomnakTupoBanue
(koHCONMMIAIVST) HAHOKIACTEPOB.

13. TTopomikoBeie TexHonoruu. Konaencannonusiit Meton (Metox [neiitepa).

14. BBICOKOHEPreTHYECKOE N3MENbUeHHE. MeXaHOXUMUYECKUN CUHTES.

15. [11a3MOXUMHUYECKUN CUHTES.

16. CuHTE3 B YCIOBUSX YIbTPa3BYKOBOT'O BO3ACHCTBUSA.

17. DAEKTpUYECKU B3PBIB MPOBOJIOYEK. METOIbI KOHCOJIUIALIUH.

18. DeKTpopa3psIHOE CIIEKaHUE.



19.

20.
21.

22.
23.

24,

25.
26.
27.

28.

29.
30.

31.

32.
33.

34.
35.

36.

37.
38.
39.
40.
41.
42.

43.
44,
45.
46.
47.

48.
49.

50.

51.

WureHcuBHas rutacTudeckas aedopmaiust (KpydeHHe Mo/ BBICOKMM JIaBICHHEM, paBHOKA-
HAJILHOE YIJIOBOE MPECCOBAHUE).

KonTponupyemas Kpuctamuin3aius u3 aMop(hHOTO COCTOSIHUS.

TexHoI0rust HAHOCTPYKTYPUPOBAHHBIX MJICHOK U MOKPBITHH | TEPMUUECKOE UCTTAPEHHE, HOH-

HOE OCaXKJICHHE, OCAXKICHUE U3 Ta30BO (a3bl.

HMnynbCcHOE JIEKTPOOCAXKACHUE, Fa30TEPMUYECKOE HANbUICHHE, TEPMUYECKOE Pa3JI0KEHUE.
OCHOBBI HAHOTEXHOJIOTHH NTOJIYIIPOBOJIHUKOBBIX MaTepHaIoB. MOJEKyIApHOIyUYEBas AMUTAK-

cusl.

Mexanu3mbl pocta HaHOIUICHOK 110 Donbmepy- Bebepy, @panky- Ban nep Mepse, Kpacrano-

By- CTpaHckoMy.

Metoast CVD u PCVD.

TexHoorust Mosy4eHus MoJaynpoBOJIHUKOBBIX KBAHTOBBIX TOUEK.

OCHOBBI TEXHOJIOTUH MTOJIMMEPHBIX, MOPUCTHIX, TPYOUATHIX M OMOJIOrMYECKHX HaHOMATepHa-

JIOB.

['mOpuHbIC U CynpaMoiieKy sIpHble MaTepuaibl. HaHonmopucTeie Matepuabl (MOJICKYISPHbIC

cuta). TpyOuarsie HAHOMAaTEPHAIIBL.

[TonmmmepHble HaHOMaTepuanbl. HaHOMaTepualibl, MOTyYeHHbIE METOAOM CaMOCOOPKH.

OCHOBHBIE METO/IbI CO3aHUSI HAHOCTPYKTYP: 3JEKTPOHOIUTOrpadus 1 HAHOUMIIPUHTHUHT, JIO-

KaJIbHS SIIUTAKCUS M SITUTAKCHUS TOBEPXHOCTHO HANPSIKEHHBIX CTPYKTYP, CAaMO(POPMHPOBAHNE

Y CHHTE3 B MaTpulax (TeMIUIaTHBIA CHHTE3), 30H/I0BbIC METO/IbI JINTOTPAPHH.

MeTto/1 T0KaIbHOTO 30H0BOIO OKUCIEHUS. PU3UKO- XUMUYECKUE OCHOBBI METO/1a JIOKAJIbHOTO

30H/I0BOI'O OKHCJICHHUS.

Oco0eHHOCTH CO3aHMsI AIEKTPOIPOBOASILINX 30HI0B.

Kunetuka nporecca JIOKaJIbHOTO 30HA0BOI0 OKUCIIEHUS MOJIYTIPOBOAHUKOB M CBEPXTOHKHUX

METAJIIMYECKUX IJICHOK.

Merton hopmupoBaHus AUIIEKTPUUECKOM IUIEHKH, MOAYIMPOBAHHON IO TOJIUHE.
Hcnonb30Banne MeTOa JIOKATHHOTO 30HA0OBOIO OKUCIIEHUS AJIs CO3/1aHUS HAHOCTPYKTYp U
AJIEMEHTOB HAHOIEKTPOHUKH.

O6mas xapakrepuctuka. Kinaccugukaiyst KOHCOINIUPOBaHHBIX HAHOMATEPHUAJIOB 110 COCTaBY,

pacripesiesieHuIo 1 (popMe CTPYKTYPHBIX COCTABIISIOLIMX.

3epHa, 10U, BKJIIOUEHUS U MOPbI B KOHCOJIMIUPOBAHHBIX HAHOMAaTEpHallax.

JledexTsl, MOBEepXHOCTH pa3jiena, norpaHuuHsle cerperanuu. dakrop Jlebas— Yomiepa.
CrtpyKkTypa MoJIMMEpHBIX, OMOJIOTUYECKUX U YIIIEPOJIHBIX HAHOMATEPHAIIOB.
HanononumepHslie, cynpamosieKyiIsipHble, HAHOOMOJIOTUYECKUE U HAHOIIOPUCThIE CTPYKTYPBHI.
OCHOBHBIE THITBI MAKPOMOJICKYJISIPHOI apXUTEKTypbl. TeMruiaTel (1abI0HbI).
CynpamornekyssipHble CTpYKTYpbl. TyOyssipHbIe U TyKOBUYHBIE CTPYKTYpHI. IIpoueccs! camo-
cOOpKH.

OcHOBHBIE 0COOEHHOCTH MPOSBICHUS Pa3MEpHBIX P (PEKTOB B HAHOMATEepHaax.
DNEeKTPOHHOE CTpoeHre HaHoMaTepuasioB. KBaHToBbIE 3(peKTHI.
®a30Bble PABHOBECHS U TEPMOJANHAMUKA HAHOMATEPUAJIOB.

QDOHOHHBIN CIIEKTP U TEIUIOBBIE CBOMCTBA HAHOMATEPHUAJIOB.

ITpoBOAMMOCTE, ONITUYECKUE XAPAKTEPUCTUKHU, AUDIIEKTPUUECKask IPOHNULIAEMOCTD U TETLIO-
MIPOBOJAHOCTH HAHOMATEPUAJIOB.

[TepkonsAmoHHast MPOBOAMMOCTD U INIA3MEHHBII PE30HAHC B HAHOMATepraiax.

C1pyKTypa, 2IeKTpUYECKHE U ONTHYECKHE CBOMCTBA IJIEHOK aMOP(HOT0 aiMa30noJ00HOTo

yIIIepo/ia, Coaep KalInX HaHOKIacTepsl cepedpa (a-C:H<Ag>).

CTpyKTypa, dJIEKTPUIECKUE U ONTHYECKHE CBOMCTBAa aMOp(HBIX mieHOK XCII, momydeHHBIX

pasHbIMU MeTosiamu. HanorerepoMopdusm aMOp(HBIX CTPYKTYP.

MaruuTtHble CBOMCTBAa HAHOMATEPUAJIOB. TUaMarHeTUKH, TapaMarHeTUKH, peppoMarHeTukH,
atTudeppomMarHeTukuy, peppuMarneTuku u pepputsl. CyneprnapaMarHuTHOE cocTosiHue. Mar-
HUTOKAJIOpUUIECKUI dPPEeKT.
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7.

AyJIs1)

MexaHHUYECKHE CBOMCTBA HAHOCTPYKTYPHBIX MarepuanoB. [lon3ydects. BsskocTh (BHyTpeHHEE
tpenue). Heynpyrocts. TBepaOCTh, MPOUYHOCTD, INIACTUYHOCTD, YIIPYTHE XapaKTCPUCTHKH
HaHOMAaTEPHUAJIOB.

Mexanu3msbl qedopMaiuu HAHOMaTEPHUATIOB.

CrabunbHOCTh HAHOCTPYKTYp. Poct 3epen. uddyszus.

OO111e 3aKOHOMEPHOCTH, POCTa 3epeH (peKpHCTaLTU3aliK) B HAaHOMaTepraiax. Peakimonnas
cnocobHocts. Katanus.

[TpruMeHeHne KOHCTPYKIIMOHHBIX, HTHCTPYMEHTAIBHBIX U TPUOOTEXHHYECKUX HAHOMATEPUAJIOB.
[TprMeHeHre TOPUCTHIX HAHOMATEPUAIOB U HAHOMATEPUAJIOB CO CIIEMATbHBIMU (DU3UKO- XU-
MHUYECKHMH CBOMCTBAMHU.

MeToanyeckue peKOMeHIAIMU CTYeHTaM

«Hanocuctembl. MeToabl MOJIYy4EHUST U CBOMCTBa» COOOW OOMIMPHYIO, MHOTOAMCIUILIMHAP-
HYIO U JIOBOJIBHO CJIOXKHYIO 007acTh 3HaHM. [loaTOMY, YTOOBI JOHECTH MaTepuai 10 CTYISH-
Ta, HEOOXOJUMO YAEATh 0c000€ BHUMAHUE CUCTEMATHYHOCTH, HATJISTHOCTH U JOCTYITHOCTH
usnoxkeHus. B Hacrosiee Bpemsi (aKTUYECKH CYIIECTBYET M0 y4EOHHKOB M MOCOOUI 1O
JaHHOW aucuuruivHae. [103ToMy OCHOBHAs Harpys3ka JOKUTCS Ha JICKUUH. /(s u3ydeHus cry-
JEHTaMH JJAaHHOTO Kypca B MPUHIIUIIE JOCTaTOYHO 3HaHHE Kypca o01iel (GU3uKu U OCHOB KBaH-
TOBOW MEXAHUKHU TEPMOJANHAMUKH.

Tak kak y4eOHUKOB M Y4eOHBIX MMOCOOUI MO NAaHHOW MUCIMILIMHE OY€Hb MaJo, TO OCHOBHAA
Harpys3ka JIO)KMTCS Ha JICKIMU U UX KOHCIEKTUpOBaHHUE. J[JIsi TOMOTHUTEILHOIO U3YyYECHUS U
CaMOCTOSITENIbHOM paOOThI MPEANaraeTcsi UCIOIb30BaTh PEKOMEHIYEMYIO JIUTEPATypy.

Y4eOHO-MeTOANYECKOE U MATEPHAIBLHO-TEXHUYECKOEe o0ecrneyeHue IMCHUILIMHBI (MO-

7.1. YueOHas iuTeparypa:

N o

10.

11.

12.
13.
14.

OcHoBHasi iMTEpaTypa

A.X. Matues. TepmoauHamMuKa MOIYIPOBOAHUKOBOTO MaTepuanoBeeHus. YuebHoe mocodue
MarucTpoB crneuranibHoctu «®dwuzuka». - Marac:, Harl'y, 2021 223 c.: wun.66.
https://disk.yandex.ru/i/FBafHQC11tGn7A

B. Jlyunnun «Hanounayctpus — 6a3uc HOBoM 3koHOMUKW» [leTepOyprekuii sxypHai 3JeKTpOHUKH, Ne3
,2003 1.

Bonpioii sHnukmonequdeckuii cnoape nofd.pea. A.M. IIpxopoBa Mocksa «bombiias Poccuiickas 3H-
muknonenus», Cankr-Ilerepoypr «Hopunt», 1997 r.

Biebricher C.F., Nicols G, Schuster P, ,,Self-Organization in the Physico-Chemical and Life Sci-
ence.1994.Report on Review Studies.PSS 0396, Commission of the European Communities Direc-
torate-General for Science,Research and Development

MarepanoBenenue. Y4eOHMK Uil TeXHUUecKuX By3oB, pea.b.H. Apszamacos, I'.I'. MyxuH, u3n-Bo
MITY um. H.O. baymana, Mocksa 2001 rCrnpaBouynnk «Pusndeckue Bennuuabs» noa. Pen.M1.C. I'pu-
ropsesa, E.3.

Meiinuxosa n3n. «Heproaromusaam», Mocksa 1991 r.

Heopranmueckoe matepranoBeaenrne. OCHOBBI HAyKH O MaTepHaiax.

Ounukioneanaeckoe uznanne noxa. Pen. I'.I'. I'necuna, B.B. Cxopoxona, nzn. «HaykoBa gymkay, Ku-
eB 2008 r

I'yceB A.1., Pemnens A.A. Hanokpuctammueckue marepuansl M. «@usmatiaur» 2002 r.

M.T". MunsBuackuii, B.B. Hangeimes HanopasmepHsie KiacTepsl B MOJYNPOBOJHUKAX — HOBBIN MOJ-
X0 K (OPMHPOBAHHIO CBOHCTB MarepuaioB O030p. du3nka M TeXHHKa MOIYHNPOBOAHUKOB, 1998 T.
1.32 N5, cTp.517

A . ITroraiino, A.C. Pozen6bepr, M.E. Ydusaun «Hanogactuiiel MeTanioa B mojumepax», usm. «Xu-
mus», Mocksa, 2000 T.

Bapanos A.M. A. A. lllyka DOnexrponuka, Uzn-so BXB-IletepOypr, Cr6, 2005 T.

B.I1. bonu-bpyesuu, C.I'. KanmamuankoB «®u3nka moiaymnpoBoIHAKOBY, 31, «Hayka», Mocksa, 1977 r
I'.b. Ceprees «Hanoxumust» uza. MI'Y, Mocksa, 2003 1.


https://disk.yandex.ru/i/FBafHQC11tGn7A

15.
16.
17.
18.

19.
20.
21.

22.
23.
24,
25.
26.
217.

28.
29.

2.

3.

O.A. Ilerputii, I'.A. Hupnunaa «0eKTpoXUMHUs MeK(Pa3HBIX TPAHHID

Baiickon¢h «Dusnka B 1BaAIATOM CTOJETHIY, U31l. «AToMHU3naT», Mocksa, 1977 r

Mumnep T. J)Kusus B okpyxkatomeit cpeme. M. «IIporpecc», 1993 T.

Cocrostaue mupa 1999. Hokian uncruryta Worldwatch o passutun mo myTd K yCTOHYHBOMY OOIIe-
ctBy. M.131-80 MHOIIY, 1997 r.

DHepreTudeckas crparerus Poccun Ha epuon g0 2020 rona.

Momucees H.H. MupoBoe coobmectBo u cyas6a Poccun. M.U3n-8o MHOILY, 1997 .

Moucees H.H. Kak manexo no 3aBrpamsero nusi... CBoOogHbIe pa3mbinuieHus. 1917-1993 M. Uzn-Bo
MHOILY, 1997 r.

I'mobanmcrrka

W.IMpuroxun, U. Crenrepc «Bpewms, xaoc, kBant, YPCE, Mocksa, 2003 r.

®. Nanwmanbc, P. Onbeptn «dusnueckas xumus», u3a. «Mup», Mocksa, 1978 ©

SL.U. I'epacumos, B.I1. lpesun, E.H. Epemun, A.B. Kucenes, B.I1. Jle6eaes, I'.M. Ilanyenkos, A.M.
Hneirun «Kype ¢pusndeckoii xumumy», T.1, u3a. «Xumusn», Mocksa, 1969

M.X. KapanetssHi «XuMuueckas TepMoauHaMukay, usfl. «['ocxumuznaty», Mocksa-Jlenunrpazg, 1953
r

W. Tlpuroxun, [. Konnenynu «CoBpeMeHHas TepMoauHaMuKa.OT TEIUIOBBIX JABUraTeleil 40 AUCCHIIA-
TUBHBIX CTPYKTYpP», u3ll. «Mup», Mocksa, 2002 r.

Y. [Tyn, ®.0ysnc, —Hanorexunonoruul, M., «Texaocdepar, 2008.

«HanorexHonoruu B OmmkaniieM AecaTUICTHNY, 1o pea. M. Poko. M.. Mup. 2002.
JloToJTHUTEeIbHAS JIUTEPATYypa

H.I'. Xnebuos, B.A. boratsipes, JI.A. Isikman, b.H. Xine610B, "3010Tbie HAHOCTPYKTYpPHI C
TUIa3MOHHBIM PE30HAHCOM JIJIsi OMOMEMIIMHCKUX HCClieoBanmii", Poccuiickue HaHOTEXHOJI0-
ru, 1.2 (3-4), 2009 (www.nanorf.ru).

S. Datta, —Electronic transport in mesoscopic systemsl, (Cambridge Univ. Press, Cambridge,
7 1995).

S. Datta, —Quantum transport: atom to transistor, (Cambridge Univ. Press, Cambridge, 2005).

7.2. UHTEpHET-pecypChl
[TporpaMMHOe obecrieueHre U HHTEPHET pecypchl DIEKTPOHHBIN BapUaHT Kypca Ha caiiTe Mpeno-
nasareinsi, WebCT (http://master.ist.tpu.ru)/, http://master.isc.tpu.ru:8900/webct/public/home.pl

7.3. IlporpammHoe obecnieyeHune

1. Onepannonnas cucrema Microsoft Windows XP Professional.

2. IMaker npukiaaueix nporpamm Microsoft Office 2003 Professional.
3. IIporpammHBIif TpoayKT «AHTUBHPYC Kacnepckoroy.

4. ITporpammuslii mpoaykt FineReader 7.0 Professional Edition.

5. Ilporpammuslii mpoaykt MATLAB 6.

7.4. MarepuajibHO-TeXHHYECKOe o0ecreyeHue

Ne Hymepanus

n/_n [TepeyeHr OCHOBHOTO 00OPYI0BaHHMS paszuenoB/TeM
JUCITUTIAHBI

1. [Tpoekunonnas ycranoka «Kagpa» 250X, 3M 1-15

2. WNHTepakTHBHBIN MIIaHIIET 25,6

3 Kommbrorep 1-15
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Pabouas nporpamma nucuuruinabl «Hanocucremsl. MeTo/bl TOTy4eHNS U CBOMCTBA» COCTaBIEHA
B cootBeTcTBUH ¢ TpeboBanusmu OI'OC BO no nanpasinenuto nmoarotosku 03.03.02 dusuka, yrBep-
JAEHHOro npukazoM MuHuctepcTBa oOpa3oBanus u Hayku Poccuiickoit ®denepanuu ot « 07 » aBry-
cra 2020 r. Ne 920.

[Tporpammy cocraBuna: a.b-M.H., npodeccop kadenpsl «Pusnkay Marues. A. X.

[Tporpamma oo06peHa Ha 3acenanuu kadenpsl «PU3nKa»
ITporoxon Ne 10 ot «20» utonst 2022 rona

[Tporpamma ogo06peHa YueOHO-METOAMUYECKUM COBETOM (PU3UKO-MAaTEMAaTHUECKOro (pakynbTeTa
[Tporoxoin Ne 10 ot «22» utons 2022 roxna

[TporpamMma paccMoTpeHa Ha 3acelaHui Y 4e0HO-METOIUYECKOT0 COBETAa YHUBEPCUTETA
[TpoTokoa Ne 10 ot « 29 » urons 2022 r.
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