MuHHCTEpPCTBO HAYKH U BbIcIIero oopasosanusi P®
DenepanbHOE roCyJapCcTBeHHOE 0K0I:KeTHOE 00pa30oBaTe/IbHOE YUpPeKIeHNEe
BbICIIET0 00Pa30BaAHUA
«HanuoHanbHBIN HccIeI0BaTeIbCKUN yHUBepcuTeT « MIU»

Hanpagsienne noaroroBku/cnenuanbHocts: 14.03.01 SinepHas 3Hepreruka u Temiopuzuka
HaumeHnoBanue o6pa3oBaTejbHOI nporpaMMbl. HaHOTeXHO/I0THM M HAHOMATEPHAJIBI B JHEPreTHKe
YpoBeHb 00pa3oBaHus: BbIclIee 00pa3oBaHue - faKkajlaBpuaT

®opma o0yuenusi: OuHas

Pabouass nporpaMma QM CHUILIHHBI
OU3UKO-XUMHUSA HAHOYACTUII U HAHOMATEPHUAJIOB

biaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yactb 00pa3oBaTesbHOM
NPOrpamMMblI:

YacTsb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBIX OTHOIIEH Uil

Ne IMCHUIIJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.14

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

8 cemectp - 3;

Yacos (Bcero) no yueoHomy
IJIAHY:

108 yacoB

Jexknun

8 cemecTp - 28 yaca;

HpaKTuquKne 3aHATHA

8 cemecTp - 14 yacos;

JlabopaTopHbie pa6oThI

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

KoncyabTanum

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IMTOPHbIX 3aHSATHH

CamocrosiTesibHasi padoTa

8 cemecTp - 65,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEHO YUeOHBIM MJIAHOM

HNnasi koHTaKkTHas padoTa

MPOBOJIUTCHA B paMKaX 4YaCoB ay/IUTOPHbIX 3aHSATHH

BKJIIOYasi:
Pedepar
KoJss1okBHYM

IIpome:kyTouHast aTTecTALUS:

3ayer ¢ OLEHKOM

8 cemectp - 0,3 yaca;

MockBa 2023




NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MNognucaHo anekTpoHHoi nognuckio ®r60Y BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

LT

Bnapeney

Muxawnnosa W.A.

TR

Waentuduratop

R6487a0ab-MikhailovalA-f37cba0

HN.A. Muxaiinosa

COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Sk,

Bnapeney

Omutpues A.C.

Ml

Waentuduratop

R8d0ce031-DmitriyevAS-aaaeae2

A.C. lmutpues

3aBeyIOIIMI BBITYCKAIOIICH
kadenpoi

MNopnucaHo 3NeKTPOHHO| noanuckio $TEOY BO «HUY «M3W»

CeeneHuna o enagensue L3N M3KU

Bnaaeney

My3uHa KO.10.

WaenTndukatop

Re86e9a56-Puzina-4d2acadl

10.10. Ily3uHna




1. HEJIN U 3AJIAYU OCBOEHUSA JUCHUITIJIMHBI

Leabp ocBoeHUs] AUCHHUILUIMHBI. HU3y4eHUE (U3HKO-XUMHUYECKHX OCOOCHHOCTEH CTpOCHHSI H
CBOWCTB HAHOYACTHUIl U HAHOMATEPHAJIOB, METOJOB HX MCCIICOBaHMs, (OPMUPOBAHUE TPEICTABICHUN 00
00JacTsIX NpUMEHEHHUsI HAHOOOBEKTOB

33[[3‘11/1 AUCHHUIIIMHBI

- U3y4eHue (PU3MKO-XMMHUYECKUX CBOMCTB HAHOYACTHI] U KOMIIO3UTOB HA UX OCHOBE;

- 03HaKOMJIEHHME C METOJ]aMH I1OJIYy4E€HHsI HAHOKJIACTEPOB U HAHOCTPYKTYP, CBOMCTBAMH U
IPUMEHEHHEM HAaHOMATepHUaJIOB U YCTPOUCTB /1JIs1 HAHOTEXHOJIOTUH;

- OCBOEHHME METO0B UCCIIEI0BaHNs COCTaBa U CBOMCTB HAHOYACTHL] U KOMIIO3UTOB HAa UX OCHOBE;

- IpUOOpETEHNE HABBIKOB TPUMEHEHHSI 3TUX METOJI0B IPH paboTe Ha COBPEMEHHOM
HaHOTEXHOJIOTHYECKOM 000pYOBAaHNHU B HAYYHOU ¥ MHKCHEPHOH MPaKTHKE.

dopmupyembie y 00y4aronerocs KOMNeTeHIMH U 3alJIaHUPOBAHHBIC Pe3yJbTaThl 00yYeHHs TI0
JUCIUILIMHE, COOTHECEHHBIE C HHAMKATOPAMH A0CTUKEHUS] KOMIIEeTeHIIUH

Koa n HaumMeHoBaHue
KOMIIETeHI{UH

Koa u HamMeHOBaHHe
HHAUKATOPA JOCTUKEHUSI
KOMIEeTeHINH

3amiaHNpOBaHHbIE Pe3yJbTAThI 00yUeHHus

[IK-2 I'oToB k pacuyeTHO-
9KCIIEPUMEHTAILHOMY
aHaJIN3y 0COOCHHOCTEM
MIPOLIECCOB B
HAaHOPA3MEPHBIX CHCTEMaX

N-3nk-2 Bnageer
SKCIIEPUMEHTAILHBIMH
METOJIaMH UCCIIE0BAHMS
IPOLIECCOB M CBOMCTB
HaHOPa3MEPHBIX MaTEPUAIOB

3HATh:
- OCHOBHBIC (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/IC
CBOIMCTBA HAHOYACTHI] U HAHOCTPYKTYP,
pasmepHbIe YPPEKTH;

- OCHOBHBIE METO/IbI HCCIICIOBAHUS
HAaHOYaCTUIl U HAHOMATCPHUAJIOB;

- OCHOBHBIE (PM3HKO-XUMHYECCKUE
O0COOEHHOCTH CTPOEHHUSI U CBOMCTB
HAHOYACTHI] ¥ UX OTIMYUE OT KOMIIAKTHBIX
MaTepuaIoB.

YMETh:
- paboTaTh ¢ COBPEMEHHBIM

HAaHOTEXHOJIOTUYECKUM 000PYyI0BaHUEM;
- CAaMOCTOSITEJILHO pa3duparbes B
METOAMKAX MCCIEeIOBAHNS HAHOYACTHII U
HaHOKOMIIO3UTOB U PUMEHSTh UX IS
peleHns TOCTaBICHHOM 3a/1a4u;

- OCYILECTBJISATh TIOUCK ¥ aHAIN3UPOBATH
Hay4YHO-TEXHUUYECKYI0 HH(OpMaLHIO 00
UCCJIEIOBAHMM HAHOOOBEKTOB.

I1K-3 Criocoben k
pa3paboTke
HaHOPa3MEPHBIX
MaTepHaJIOB U YCTPONCTB

NJ-1nk-3 Cnocoben
aHAJIM3UPOBATH MPOIECCHI
TETIOMACCONEPEHOCA,
BO3HUKAKOIINEC B
HAHOPa3MEPHBIX CUCTEMaX MpH
(1)330BI)IX U XUMHUYCCKUX
peBpaIeHHUSIX

3HATh:
- METObl U3MEPEHUs U KOHTPOJIS
(UBUYECKUX M XUMUUECKUX CBOWCTB
HaHOCHCTEM;

- 0COOEHHOCTHU CBOMCTB HAHOCTPYKTYpP U
HaHOMaTepHaJoB.

YMETh:

- HaXOJIUTh MOJXOAbI K PELIEHUIO
(byHIaMEeHTaIBHBIX U MPUKIIAJHBIX 331324
(bU3UKO-XMMHH HaHOYACTHI] C
IIPUMEHEHUEM COBPEMEHHBIX METOJI0B
UCCJICIOBaHMSI U aHATIN3a COBPEMEHHOMN
HAy4YHOU JIMTEPaTyphl;




Koa u HaumeHoBaHue
KOMIIETCHIINH

Koa u HaumeHoBaHMe
HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

3amiaHupoBaHHbIE Pe3YabTATHI 00yYeHUsI

- IPOBOJUTH UCCIIEIOBAHUS U
KOHTPOJIMPOBATh MPOLIECCHI
TEIJIOMAacCoNepeHoca B HAaHOPa3MEPHBIX
cucreMax npu (a3oBbIX U XUMUYECKUX
MIPEBPAICHUSIX.

2. MECTO JUCHHUILIMHBI B CTPYKTYPE OBPA3OBATEJIbHOM NPOT'PAMMBI BO

JluciunianHa OTHOCHTCS K OCHOBHOM TNpO(eCCHOHAIBHONH 00pa3oBaTeNbHON —Iporpamme
Hanorexnonorun u HanoMmaTtepuaisl B sHepretuke (ganee — OIIOIT), nanpasnenust moarorosku 14.03.01
SInepHast SHEpPreTHKa U TeIIo(U3NKa, ypOBeHb 00pa30BaHMs: BhICIIee 0Opa3oBaHue - OaKkataBpHar.

Tpe60BaHI/I$[ K BXOIHBIM 3HAHUAM U YMCHUAM:

- 3HaTh XUMUS

- 3HaTh TE€XHOJIOTUSI MATEPHUAIIOB
- 3HaTh PU3HKa KOHJEHCUPOBAHHOTO COCTOSHUSA
- 3HaTh PU3KKA TBEPAOIO TENIA

- 3HaTh MaTteMaTuka

Pe3ynbTarel 00yueHus, MOTYYCHHBIE TIPU OCBOSHUH JTUCIUTUIHHBI, HEOOXOIUMBI IPU BBIMTOJTHCHUN
BBIMTYCKHOM KBaTU(UKALMOHHON PabOTHI.




3. CTPYKTYPA U COAEP)KAHUE JUCHUIIJIMHbI
3.1 CTpyKTypa THCHUNIHHBI

OO01as TpyJI0eMKOCTb JUCIUIUTMHBI COCTaBIISIET 3 3a4€THBIX equHMIIbI, 108 Jacos.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAINH 8| © | Jlex JIab | Ip — - VKK | TK A CeMECTDE aTTeCTalluu
/M P /KOHTPOJTB
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 OCHOBHBIE TIOHATHSA O 14 8 4 - 2 - - - - - 8 - Camocmoamenvroe usyuenue
HaHOYACTHUIIAX, meopemuueckozo mamepuana: Visyaenue
HaHOMaTepHaax u ux JIOTIOJTHUTEJIBHOTO MaTepHaia o pasjieny
CBOMCTBax "OCHOBHbBIE OHATHS O HAHOYACTHUIIAX,
11 UYro Takoe 7 2 - 1 - - - - - 4 - HaHOMaTepHajax U Ux cBoicTBax"
HaHOHAyKa/HayKa O H3yuenue mamepuanog iumepamypnolx
HaHOCTPYKTYpe UCHOYHUKOG:
1.2 OcobenHoctu 7 2 - 1 - - - - - 4 - [1], 5-55
(busnueckux u [2], 20-44
XUMHYECKUX CBOMCTB [4], 13-31
[6], 40-52
[7], 12-33
[8], 59-75
2 MeToapl oay4eHus U 20 6 - 2 - - - - - 12 - CamocmoamensHoe usyuenue
CTaOUIM3aLUH meopemuyuecko20 mamepuana: zydenue
HAHOYACTHII U JIOTIOJTHUTEJIBHOTO MaTepHaa o pasjieny
HaHOCTPYKTYpP "MeTo/1bI TOTYYEHUs U CTaOUIH3aIII
2.1 TexHomOrMYecKuit 7 2 - 1 - - - - - 4 - HaHOYACTHUIl U HAHOCTPYKTYyp"
MIOJIXOJ] «CBEPXY-BHH3» H3yuenue mamepuanos numepamypHsix
2.2 TexHOIOTHH «CHU3Y 7 2 - 1 - - - - - 4 - UCHIOYHUKOB:
BBEPX» [1], 142-186
2.3 | Metonsl onpeneneHus 6 2 - - - - - - - 4 - [2], 5-19
YCTOHYNBOCTH [3], 58-75
JTUCTIEPCHBIX CHCTEM [5], 16-37, 396-414
[8], 76-80
3 OM3UKO-XMUIECKHEe 20 6 - 4 - - - - - 10 - Camocmoamensroe usyuenue

CBOMCTBa
HAHOCTPYKTYp U

meopemuueckozo mamepuana: VI3ydaenue
JIOTIOJTHUTEIHHOTO MaTepraia 1o pasaerry

5




HaHOMAaTCpHaJoB

3.1

dyHnaMeHTaIbHAS
CBA3b: XUMUYECKUH
COCTaB—aTOMHas
CTPYKTypa—
MHKPOCTPYKTypa—
MaKpO-CBOMCTBA

3.2

Onruueckue cBoicTBa
HAaHOYACTHIL U
HAaHOCTPYKTYp:
HaHO(OTOHHKA

3.3

TemmoBrie cBOMCTBA
HaHOYAaCTHIL

3.4

MarsuTHble CBOMCTBA U
HX IpHupoja

35

MeToabl UcCIeIOBAHUS
CTPYKTYPHBIX,
SJIEKTPOHHBIX U
MarHUTHBIX CBOHCTB
HaHOOOBEKTOB U
MIOBEPXHOCTHU

"®HU3NKO-XMUUECKHE CBOMCTBA HAHOCTPYKTYP H
HaHOMaTepHajoB"

H3zyuenue mamepuanog iumepamypHsix
UCHOYHUKOG:

[1], 56-140
[5], 396-435

Poct, Mmopdosnorus u
apXHUTEKTypa
HAHOYACTHIl U

HAHOCTPYKTYP

12

4.1

OO01Ke MEXaHU3MBI
TOMOTEHHOM 1
reTeporeHHon

HYyKJIeallun

4.2

Mopenu pocta
00BEMHBIX CTPYKTYP
(KpucTamioB)

4.3

Camoc6opxka HyJIb-
MEPHBIX CTPYKTYp B
YIIOPSAIOYEHHBIE
MacCHUBBI

4.4

VYrnepoaasie
HaHOCTPYKTYPBI

Camocmoamenvhoe usyuenue
meopemuyueckozo mamepuana: Vzyaenne
JIOTIOJTHUTENBHOTO MaTepHaia o paszierny
"Poct, Mopdotorus u apXUTEeKTypa HAHOYACTHI]
1 HAaHOCTPYKTYp"

H3yuenue mamepuanog 1umepamypHbix
UCIMOYHUKOG:

[1], 141-186
[2], 45-57
[3], 22-39
[4], 95-139

Duznko-xuMus

12

CamocmoamenbHoe uzyueHue




paspylieHus meopemuueckozo mamepuana: Visyaenue
HAHOCTPYKTYP JIOTIOJTHUTENIBHOTO MaTepHaia o paszierny
5.1 OcobenHocTH 12 4 - 2 - 6 - "®OU3NKO-XUMHUS Pa3PYIICHHUsI HAHOCTPYKTYp"
YCTOWYHBOCTH H3yuenue mamepuanog 1umepamypHbix
HAHOUCIICPCHBIX UCIOYHUKOG:
CHCTEM [1], 200-226
[2], 58-72
[3], 43-53
6 CymecTBytomue 1 12 4 - 2 - 6 - CamocmoamensHoe usyuenue
MEpPCTICKTHBHBIC meopemuueckozo mamepuana: VIzyaeane
HarpaBJICHUsI JIOTIOJTHUTEJIBHOTO MaTepHaia 1o pasjieny
IIPUMEHEHHUS "Cy11ecTBYIOIINE U IEPCIIEKTUBHBIC
HAHOCTPYKTYp H HAarpaBJIeHUs IPUMEHEHHsI HAHOCTPYKTYp U
HaHOMAaTepPHAJIOB HaHOMaTepHajoB"
6.1 [Ipumenenue 6 2 - 1 - 3 - H3yuenue mamepuanos 1umepamypHsLx
MOJTYIPOBOISIIMX UCIOYHUKOB:
HAHOCTPYKTYP [3], 58-75
6.2 Bnusiuue 6 2 - 1 - 3 - [4], 263-322
HaHOTEXHOJIOTHI Ha [6], 228-244, 335-337, 514-526
TPAIUIHOHHYIO [7], 150-174
IIEKTPOHHUKY [8], 453-527, 653-737
3adeT ¢ OLIEHKOMI 18.0 - - - 0.3 - 17.7
Bcero 3a cemecTp 108.0 28 - 14 0.3 48 17.7
Hroro 3a cemecTp 108.0 28 - 14 - - 0.3 65.7

IIpumeuanue: Jlex — nexunu; JIab — naboparopHsie padboTsl; [Ip — npaktuueckue 3ausatust; KIIP — aynuTopHble KOHCYIBTALUU IO KYPCOBBIM
npoekram/padoram; MKKII — nnanBuyanbHble KOHCYIbTAMU M0 KYpPCOBBIM MpoekTam/padoram; I'K- rpymnnoBsie KOHCYIbTAlUH 110 pa3aeaam
mucuuruinHel; CP — camocrostenbHas padorta crynenTa; UKP — unas konraktHas padota; TK — Texymmii KoHTposb; [TA — npomexxyrouHas
aTTecTanus




3.2 KpaTkoe coaep:kaHue pa3iejioB
1. OcHosHble noHAmMuUA 0 HAHOYACMUYAX, HAHOMAMEPUANAX U UX CEOUCMBAX

1.1. Yto Takoe HaHOHAayKa/HayKa O HAHOCTPYKTYype

[emn w 3amayd OUCUMIUIMHBL. Pa3BUTHE NPEACTaBICHH O HAHOCOCTOSHUM BELIECTBA.
OCHOBHBIE XapaKTEPUCTHKH W KJIacCU(PHUKAIMS HAHOYACTUIT W HAHOCTPYKTYp. OcoOeHHOCTH
CTPOCHUS HAHOOOBEKTOB — HAHOMETPOBAsI apXUTEKTypa. Mi3MepeHue pazMepa 4acTHIIbL.

1.2. OcobeHHOCTH (PU3UYECKUX U XUMHYECKUX CBOMCTB

XapakTepucTUKN HaHOcUCTeM. [IpuMepbl HaHOCTPYKTyp M HaHoMaTepuanoB. OcoOeHHOCTH
bu3NYECKUX, XUMUYECKUX U OMOJIOTMYECKUX CBOMCTB HAHOOOBEKTOB M HAHOCTYPKTYPHUPOBAHHBIX
marepuanoB. Kiaccmueckne u KBaHTOBbIe pasMepHble 3¢dextol. Krnaccudukanus ¢usuko-
XUMHUUYECKHX METOJIOB HCCIIEI0BAHUSI.

2. Memoouwi NOJIYY4EeHUA U cma6uﬂu3auuu HaHo4Ydacmuy u HAHOCmMpyKmyp

2.1. TexHOIOrNYECKHUM MOAXO0]] «CBEPXY-BHU3
Ousnueckue Meronbl. JlucnmeprupoBaHuWe TBEPABIX TeN M KUAKOCTEeW. JluTorpadwus.
Mexanundeckas 00padoTKa.

2.2. TexHONOTUHU «CHU3Y BBEPX»

Xumuueckuil cuHre3. PU3nuecKoe OcCaKAeHUEe U3 ra3oBoil (as3bpl. XMMHUYECKOE OCaXIEHUE U3
ra3oBoil ¢aspl. [lmasmenHoe ocaxiaeHne. MarHeTpoHHOE HambuleHHE. MOJEKYISIpPHO-TTYYKOBast
snutakcud. XKuakodasHble METOJUKU. MeTOob! 30J1b-Tellb. YIOPAJ0YCHUE HAHOCUCTEM.

2.3. MeTtobl onpeieeHns] yCTOWIMBOCTH JUCTIEPCHBIX CHCTEM

CTpyKTypHO-HEPreTHUECKOE€  COCTOSIHUE€  HAHOYACTHUIL], HaHOMOpOWKOB. (OcoOeHHOCTH
YCTOMYMBOCTH HAHOAMCHEPCHBIX cucTeM. OOOCHOBAHHOCTh METOJIOB CTAOMIIM3AallMM HAaHOYACTHII.
[Tponeccel, mpoTekatomue npu cradbunuzanuu. OCOOEHHOCTH METOJO0B cTabuiu3anuu. BiusHue
MaTpHUILIbI-CTa0MIIN3aTOPa Ha CBOMCTBA HAHOYACTHLI.

3. Quzuxko-xmuyeckue ceoucmsa HAHOCMPYKmMYp U Harnomamepuaios

3.1. ®yH1aMeHTalIbHAs CBSA3b: XUMUYECKUN COCTaB—aTOMHAasl CTPYKTYpa—MUKPOCTPYKTYypa—
MaKpO-CBOMCTBA

Ponw moBepxHocTH U pasmepHbIX 3G (HEKTOB B POPMUPOBAHUU MaKpOCBOWMCTB. MexaHUUYeCKHe
CBOMCTBa. YIPYrocTtb B HaHOHaHOMAacIuTabax. KecTKkocTh U MPOYHOCTh, INTACTUYHOCTh U BSI3KOCTH,
MIOJI3YYECTh U CYNEPINIACTUYHOCTD.

3.2. OnTudeckue cBOWCTBAa HAHOYACTHI] U HAHOCTPYKTYP: HAHO(DOTOHUKA

DNEeKTPOHHBIE W ONTHUYECKHE CBOWCTBA HAHOYACTHIl, HAHOIPOBOJOK H HAHOTPYOOK.
Hanonnasmonuka u ontuyeckue cBoiicTBa. OTOHHBIE KPUCTAIUIBI M MX 3JIEKTPOMArHUTHBIE
cBoiicTBa. MertamaTepuarsl.

3.3. TemnoBsle cBOIICTBA HAHOYACTHI]
TemionepeHoc B HaHOMPOBOJIOKaX. TeIsoBbIe MpoLEcchl B HAaHOTpYOKax. TemnonpoBoIHOCTD
rpagena. [lepeHoc Tenaa B HAHOKOMIO3UTAX.

3.4. MaruuTHbl€ CBOMCTBA U UX IPUPOAA



MarnutHoe  ynopsimoueHue. Deppo-, anTHdeppo- ¢deppu-, mapa-, IUAMATHETU3M.
Hanokomno3uTHbIe MTKHe MarHUTHbIe MaTepuaisl. CyneprnapaMarHeTu3M HaHOYaCTHULL.

3.5. MeToibl Hccel0BaHUsl CTPYKTYPHBIX, 3JIEKTPOHHBIX M MATHUTHBIX CBOMCTB HAHOOOBEKTOB
U IIOBEPXHOCTHU
[Tpumeps! uccie0BaHus U U3MEPEHUs (PU3NIECKUX CBOMCTB HAHOYACTHUI] 1 HAHOKOMITO3UTOB.

4. Pocm, MODd)OJlOZu}l u apxumexkmypa HaHovacmuy u HaAaHoCmpyKmyp

4.1. O6mue MexaHU3Mbl TOMOT€HHON M TeTePOreHHON HYKJICAIINH
3apobIIy U UX POCT B TAPOBOM, XKUIAKON U TBepAOH (aze. MexaHU3MbI U TEPMOIUHAMUYECKHE
OCHOBBI 3apObIIIE00pa30BaHNs, POCTa U arJIOMEPALi HAHOKJIACTEPOB METAJIIIOB.

4.2. Moaenu pocta 00bEMHBIX CTPYKTYP (KPUCTAJIOB)
MexaHu3MBbl pOCTa HAa TIOBEPXHOCTH. MEXaHU3MbI POCTa HYJIb-MEPHBIX CTPYKTYpP (KBaHTOBBIX
TOYEK, HAOKJIACTEPOB, HAHOYACTHI, (DYJUIEPCHOB).

4.3. CamocO0pKa HyJIb-MEPHBIX CTPYKTYP B YHOPSA0UEHHBIC MACCHUBEI
OpnHOMepHBIE M KBa3MOJHOMEPHBIE HAHOCTPYKTYpbl (HAHOBUCKEPbl M HAaHOMNPOBOJOKH):
MeXaHU3MBbI U KHHETUKA pocTa, MOpdoorusi.

4.4. YrneponHble HAHOCTPYKTYPBI
JIByMepHbIE HAHOCTPYKTYPBI: TOHKHUE IIJICHKH, TpadeH.

5. DusuKo-xXuMus pPAaA3pYUWernuA RHanoCmpyKmyp

5.1. OcoOeHHOCTH YCTOMYMBOCTH HAHOUCIIEPCHBIX CUCTEM

OcCHOBHBIE BHJIbI M MEXaHHU3MbI pa3pyIIEHUs HAHOCTPYKTYp. MexaHHuYeckoe pa3pylIeHue.
VYcioBusl  paspymieHuss TPOTEKAOIIMM TOKOM. XWMHYECKOE pa3pylleHHe | JIerpajalus.
HeycToiuMBOCT ¥ pa3pyllIeHHE peryispHbIX HAHOCTPYKTYp. TepMOTMApOJMHAMHMKA TIIpU
UCTIAPEHUH B HAHOCTPYKTypax. Pa3zpymienue moja BIMsTHIEM 3JIEKTPOHHBIX U HOHHBIX ITyYKOB.

6. CVW@CWZBVlOZMM@ U nepcneKmusHvle HAnpaesieruAd nNPpUMEerHeHuUsl HAHOCmMpyKniyp u
HaHomamepuaios

6.1. IlpumeHeHne NOTYIPOBOAUIMX HAHOCTPYKTYP
KBanToBeie KackaaHple Jaszepbl. OnTHYecKHWe 3amoMHUHaromme yctporcTtBa. DOTOHHBIE
CTPYKTYpHI. YCTpOICTBa HA OCHOBE KYJIOHOBCKOM OJOKaIbI.

6.2. BausiHue HAaHOTEXHOJIOTUN HA TPAJIULMOHHYIO JIEKTPOHUKY

Heoprannueckue HaHoMarepuansl: NOrjaoTurenud Y D-u3nydeHus, MarHUTHBIE IIPUIIOKCHUS,
MOKPBITUS. YTIEpOAHbIE HAaHOTPYOKH: TPaH3UCTOPHI, aBTOZJIEKTPOHHAS S3MHUCCHUS, MEXaHHMUECKOe
YIIPOYHEHUE, TOILUIUBHBIE HIEMEHTBI. MaTepuaibl 11 MOJIEKYIISIPHON JJIEKTPOHUKHU.

3.3. TeMbl NIPaAKTHYECKUX 3aHATHI
1. DnekTpoHHAas MUKPOCKOMUS (ITPOCBEUMBAIOIIAs U CKaHupytomias). OnucaHue annapaTypsbl.
Y CTpOHCTBO AMEKTPOHHBIX CKAHUPYIOMIUX MMPOCBEYHBAIONIINX MUKPOCKOIIOB M UX
Mo uHUKaIH. BO3MOXHOCTH 1 OrpaHUYEHUsS] METOI0B HcciieoBaHusl. OCOOEHHOCTH
IPUTOTOBJICHHUS 00Pa3IOB A nccaenoBanus. OnpeneneHne 3IeMEHTHOTO COCTaBa U



TOMOJIOTUH MOBEPXHOCTH HAHOKOMIIO3UTOB C IIOMOILBIO CKAaHUPYIOIIEH AIEKTPOHHON
Mukpockonuu. [Ipumeps! nccnenoBanust HAHO- © MUKPOOOBEKTOB;

2. IlonydyeHne TOHKHMX IUIEHOK METOJIOM MarHETPOHHOIO pacibuieHus. M3ydeHnune nponecca
pOCTa TOHKHX IIJIEHOK, METOJI0B MTOJIyYEHHUSI TOHKUX TUIEHOK U METOJIa U3MEPEHUsI CKOPOCTH
HaIBLICHUS; U3MEPEHUS TOJIIINHBI HANBIJIEHHOHN IIEHKU C IOMOIIbIO KBAapLIEBOIO JaTunKa
TOJIILIAHBL;

3. O6opynoBanue Ui UCCIETOBAaHUS (PU3UKO-XUMHUYECKUX CBOWCTB HAHOYACTHII U
HaHOMaTEPHAJIOB METOAaMU JIEKTPOHHON U MOHHOW CIEKTPOCKONUU. V3yueHne oCHOBHBIX
AJIEMEHTOB M MTPUOOPOB IKCIEPUMEHTATBHBIX YCTAHOBOK JUUIS BHITIOJTHEHUS UCCIIEJOBAHUI
(bU3UKO-XMMHYECKHUX CBOWCTB HAHOYACTHI] U HAHOMATEPHAJIOB METOAAMHU 3JIEKTPOHHON U
MOHHOM CIIEKTPOCKOIINH;

4. HccrnenoBaHne XMMHAYECKOTIO COCTaBa HAHOYACTHUI] 1 HAHOMATEPUAJIOB C IIOMOIIbIO
PEHTTEHOBCKOU (POTOIEKTPOHHOM CIIEKTPOCKOIUU. 3yueHue mporeccoB B3anMOICHCTBHIS
(OTOHOB PEHTI€HOBCKOM JJTMHBI BOJIHBI C aTOMaMU [TOBEPXHOCTH HAHOMATEPHAJIOB U
HAHOYACTHII; 03HAKOMJICHHE C OCOOCHHOCTSMH MOITYYEHHUS M UCIOIb30BaHUS PEHTI€HOBCKOTO
U3ITyYeHUS ISl IPOBEACHUS U3MEPEHUN METOJIOM PEHTTEHOBCKOM (POTOIIEKTPOHHOM
cnekrpockonun (POIC), a Takke ¢ MPUHIUIIOM pabOTHI PEHTTEHOBCKOTO HCTOYHUKA
U3ITy4EHUS CO CHapeHHBIM aHoA0M. [IpnobpeTeHre MpakTHYeCKIX HAaBBIKOB MHTEPIPETAIIUN
cnektpoB POOC, nonyyeHHbIX Ha MOJlyJie DIEKTPOHHO-UOHHOU cnekTpockonuu Hano®ab625
HWNY MDU nnsa onpeneneHrs XMMAYECKOIO COCTaBa UCCIEAYEMbIX MUIICHEH;

5. Oxe—aJIeKTpOHHAsI CIIEKTPOCKOIHSI HAHOYACTHUI] U HaHOMaTepuasioB. V3yuenue
YCTPOMCTBA MEKTPOHHBIX MyIIeK ycTaHOBKKM HaHnodab 25, nzyueHnue Hen3mydaTeabHbIX OXKe-
IIPOLIECCOB, MTOJIyYEHNE U UHTEPIPETALUS CIIEKTPOB 03KE-3JIEKTPOHOB, IIOJyUYE€HHUE TaHHBIX O
XUMHUYECKOM COCTaBE HAHOYACTHUIL U TIOBEPXHOCTH HAHOMATEPHAJIOB;

6. [TonroroBka 0Opa3IoB K UCCICIOBAHUIO C TOMOIIHIO0 AaTOMHO-CHIIOBOM U 30HI0BOM
MUKPOCKOIIUH., IPOBEICHUE UccieqoBanuii. O0paboTka JaHHBIX ATOMHO-CUJIOBOM U
TYHHEJIbHOM MUKPOCKONMH U UX UHTepnpeTanus. [IoBepXxHOCTh MOHOKpPUCTAIIIIOB,
HaHOKJIACTEPOB M HAHOMOPHUCTHIX MaTepHuasioB. [IpumecHbie aTOMbI Ha TOBEPXHOCTH.
ONEeKTPOHHBIE U MAarHUTHBIE CBOMCTBA MTOBEPXHOCTH.

3.4. Tembl 1a60paTOPHBIX PadoT
HE MPETyCMOTPEHO
3.5 KoncyabTauuu

[pynnoewle koncyremavuuu no pazoeaam oucyuniunsl (I'K)

1. OGcyxnenue marepuajnoB mo keiicam pasnena "OCHOBHbIE HMOHSTHS O HAHOYACTHIAX,
HaHOMAaTepHaJlax ¥ UX CBOWCTBax"

2. OOcyxkIeHHe MaTepualioB IO Kedcam paszziena "Meroapl MOMyYeHUs W CTAaOMIN3alun
HAHOYACTHI] U HAHOCTPYKTYp"

3. OOcyxaeHue MarepuaioB 1O Kedicam pasjgena "®OH3UKO-XMHUECKHE CBOWMCTBA
HAaHOCTPYKTYp U HaHOMaTepuajios"

4. OOcyxaeHue MarepuajgoB To Keicam pasaena "Poct, mopdoriorus u apxuTekTypa
HAHOYACTHI] U HAHOCTPYKTYp"

5. OOcyxneHue MarepuajoB 1o Keidcam pazfena "®Ou3UKO-XUMHUSA  pa3pylleHUs
HaHOCTPYKTYp"

6. OOcyxneHne MarepwaioB Mo Keiicam paszzena "CymecTByIOIIHEe W TIEPCIIEKTHBHEIC
HanpaBJIeHUs IPUMEHEHUS HAHOCTPYKTYp U HaHOMaTepuayioB"

3.6 TemaTuka KypcOBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3arIaHupOBaHHBIC PE3YAbTAThI 00YUEHUS 110

Howmep paznena

O1eHOYHOE CPEACTBO

Koapl JTUCHUTLIUHEI (B (THI ¥ HAUMEHOBAHUE)
JUCLUIUINHE
(B cooTBETCTRHH ¢ pasmenom 1) WH/INKATOPOB | COOTBETCTBHH C 11.3.1)
1]12[3]4]5]6

3HaTh:

OCHOBHBIC (DHU3UKO-XUMUIECKHE OCOOEHHOCTH Pedepar/OTuer o BEIMOTHEHHOMY HCCIIEIOBAHUIO

CTPOEHUS U CBOMCTB HAHOYACTHI] U UX OTIMYHE XMMHUYECKOI0 cOCTaBa 00pa31loB HAHOYACTUILL U

OT KOMIIaKTHBIX MaTEpHUajIOB N/JI-3nk-2 + HAaHOMATEUaJIOB C TIOMOIIbIO PEHTI€HOBCKOM
($OTO31eKTPOHHOI criekTpockonuu. PacueTHoe 3aanue.
[TonroroBka pedepara

OCHOBHBIE METO/Ibl UCCIIEI0BAaHUSI HAHOYACTHUI] KonnokBuym/OTyeT 1o ucciieoBaTeNIbCKOM

1 HaHOMaTepHaJoB naboparopHoit padore: [loyueHne TOHKHUX IJIEHOK

V/T-3ic2 + METOZI0M MarHETpOHHOI'O pacHblieHUs. BrinonHenue

pacueTHOTro 3a1anus. KolokBryM 1mo Meroiam
UCCIIEIOBAaHMSI CTPYKTYPHBIX, JJIEKTPOHHBIX U MAarHUTHBIX
CBOWCTB HAHOOOBEKTOB M MOBEPXHOCTH

OCHOBHBIE (PU3MKO-XUMHUYECKUE CBONCTBA Pegepat/Iloaroroska pedepara no Teme BakyyMHBIX

HAHOYACTHUI] U HAHOCTPYKTYP, pa3MEpHbIE HACOCOB M BaKyyMMeTpoB. TecTrupoBaHue O TeMe:

3¢ deKThI N-3nk-2 + DeKTpOHHAss MUKPOCKOIUS (IIPOCBEUMBAIOIIAs U
ckanupyromas). OcoOeHHOCTH MPUTOTOBIIEHUSI 00Pa31OB
JUISL UCCIIC/IOBAHMSL.

0COOEHHOCTH CBOMCTB HAHOCTPYKTYP U KomnokBuym/OTueT no ucciaeaoBaTesbCKoi

HaHOMaTepHaJoB nabopatopHoii padote: [loayyeHne TOHKUX MIIEHOK

V-1 + METOI0M MarHeTPOHHOTO PacHblICHUs. BrimomHenne

pacueTHOro 3a1anus. KonnokBuym 1o Mmerojam
WCCIICIOBAHMSI CTPYKTYPHBIX, JJIEKTPOHHBIX U MAaTHUTHBIX
CBOMCTB HAHOOOBEKTOB M MMOBEPXHOCTH

METO/BI U3MEPEHHSI U KOHTPOJISI (PU3HYECKHUX U KomnokBuym/OTUeT 1o ucciie0BaTeNbCKOM

XUMHAYECKHX CBOWCTB HAHOCHUCTEM V-1 + nabopaTopHoii pabote: [loaydeHrne TOHKHX TUIEHOK
METOZ0M MarHEeTPOHHOI'O pacHblieHus. BrinonHenue
pacuetHoro 3ananus. KonmokBuym mo Mmeronam
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UCCIIEN0BAHNS CTPYKTYPHBIX, JJIEKTPOHHBIX U MATHUTHBIX
CBOWCTB HAHOOOBEKTOB M MMOBEPXHOCTU

Pedepar/IloaroroBka pedepara 1o Teme BaKyyMHBIX
HACOCOB M BaKyyMMeTpoB. TecTupoBaHue Mo TeMe:
DJEeKTPOHHAsT MUKPOCKOIHS (ITPOCBEUNBAIONIAS U
ckanupytomas). OCoOOEHHOCTH MPUTOTOBIICHHUST 00PA3IOB
JUTSL UCCIICTOBAHMSL.

YMmerh:

OCYILIECTBIISATh IOUCK U aHAJM3UPOBATh
HAYYHO-TEXHHUYECKYIO0 HH(POPMAIHIO 00

KonnokBuym/3anmra nuccienoBaTenbckoii 1a00paTopHoit
paboThl: Macc-CieKTpoOMETpHsl - METOJI OTIPECIICHUS

UCCIIeIOBAaHUHM HAHOOOBEKTOB UJT-3mc2 (U3UKO-XMMHYECKMX CBOMCTB HAHOMATEPUAJIOB.
OmnpeneneHue coCcTaBa BakyyMa B aHAJIMTUYECKON KaMepe

CaMOCTOSITENIbHO Pa30UpaThCsi B METOIUKAX Konnoksuym/3amura ucciaeoBaTenbcKoi 1abopaTopHOn

HCCIIE/I0BANNSA HAHOYACTHI] M HAHOKOMIIOSUTOB | ) -3 paboThI: MaCC-CHeKTpOMe“TpI/ISI - METOJ1 ONpeIeNICHUs

Y IIPUMEHSATH UX JJIS pelIeHUs IOCTaBICHHOM (U3UKO-XMMUYECKIX CBOWCTB HAHOMATEPUAJIOB.

3ajauu OmnpeneneHue cocTaBa BakyyMa B aHAJIMTUYECKON Kamepe

paboTaTh C COBPEMEHHBIM Pedepar/OTuer o BBINOIHEHHOMY UCCIEI0BAaHUIO

HAaHOTEXHOJOTUYECKIM 000pYJOBaHUEM XMMHYECKOI0 COCTaBa 00pa3j0B HAHOYACTHI] U

N-3nk-2 HaHOMAaTEHaJIOB C TOMOIIBIO PEHTI€HOBCKON

($OTONIEKTPOHHOM crieKTpockonuu. PacueTHoe 3a1aHue.
ITonroroBka pedepara

IIPOBOJIUTH UCCIIEOBAHUS U KOHTPOJIUPOBATh Konnoksuym/3amura ucciaenoBaTenbckoi 1abopaTopHOn

IIPOLIECCHI TEIIOMACCONIEPEHOCA B paboThl: Macc-CeKTpOMETpHsl - METOJL ONIPEIEIICHUS

HaHOPa3MEpHBIX CUCTEMax MpH (Ha30BbIX U (U3UKO-XMMUYECKUX CBOMCTB HAHOMAaTEPUAIIOB.

XUMHAYECKHX TPEBPAIICHUSIX OmnpeneneHne cocTaBa BakyyMa B aHaIMTUYECKON Kamepe

W-1k-3 Pedepat/OTueT 1o BHINOIHEHHOMY HUCCIIE0BAHUIO

XUMHYECKOI'0 COCTaBa 00pa3j0B HAHOYACTHI] U
HAaHOMAaTEHaJIOB C MOMOIIBIO PEHTT€HOBCKON
(bOTORNIEKTPOHHOM crieKTpockonuu. PacueTHoe 3a1aHue.
ITonroroBka pedepara

HAXOJUTh MOAXO/bI K PEHICHUIO VT-Lics KonnokBuym/3anmra uccnenoBaTenbckoi 1a00paTopHoit

(byHIlaMCHTaJIBHBIX W NPUKJIAAHBIX 3a1a4

pa6OTLII MaCC-CHCKTpOMCTpI/I}I - MCTOJ ONIPCACIICHUS
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(U3UKO-XMMHUH HAHOYACTUI] C IPUMEHEHHEM
COBPEMEHHBIX METO/IOB UCCIEAOBaHUS U
aHaJlM3a COBPEMEHHOI Hay4YHOH JINTEPaTyphl

(U3UKO-XMMHYECKUX CBOMCTB HAHOMATEPUAJIOB.
OmnpeneneHue cocTaBa BakyyMa B aHaIUTUYECKON Kamepe

Pedepat/OTuer 110 BHIIOIHEHHOMY HUCCIIE0BAHUIO
XMMHUECKOT0 cocTaBa 00pa3lioB HAHOYACTHUI] U
HaHOMAaTEHaJIOB C TIOMOIIBIO PEHTI€HOBCKON
($OoTO3EeKTPOHHOI crieKkTpockonuu. PacueTHoe 3ananue.
ITonroroBka pedepara
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
8 cemecTtp

Dopma peanuzaiuu: 3aniuTa 3a1aHus
1. OT4er no uccienoBaTeNIbecKo 1abopaTopHoi padote: [lonydeHre TOHKUX MIEHOK METOA0OM
MarHeTpOHHOTO paclblieHus. Brinonnenue pacueTHoro 3aganus. KomioksuyM no Meroiam
UCCJIEI0BAHUS CTPYKTYPHBIX, JJIEKTPOHHBIX U MATHUTHBIX CBOWCTB HAHOOOBEKTOB U
noBepxHocTy (KomtokBuym)

Dopma peanmsanuu: [Iposepka 3ananus
1. 3ammra rccaeI0BaTebCKOM JIAO0OpaTOPHOU paboThl: Macc-CIIeKTPOMETPHUS - METO]T
orpeeNeHUsT PU3UKO-XMMUYECKUX CBOMCTB HaHOMaTepraioB. OnpeielieHue CoCTaBa BaKyyma
B aHanuTH4Yeckor kamepe (Kosoksuym)
2. OT4YeT MO0 BBINOJHEHHOMY HUCCIICIOBAHUIO XMMUYECKOT0 COCTaBa 00pa3IloB HAHOYACTHIL U
HAHOMATEUAJIOB C IIOMOIIIBIO PEHTTCHOBCKOM (DOTOAICKTPOHHOM crieKTpocKkonuu. PacyeTHoe
3ananue. [logroroBka pedepara (Pedepar)

®dopma peanmszanuu: Y cTHas Gpopma
1. [TonroroBka pedepara Mo TeEME BAaKyyMHBIX HACOCOB M BAKYyMMETPOB. TecTHpOBaHUE 11O
TeMe: DJIeKTPOHHAs MUKPOCKOMUs (MPOCBEUMBaroIas u ckanupytoiias). Ocod0eHHocTH
MIPUTOTOBJICHUS 00pa3oB i uccienoBanus. (Pedepar)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 IIpoMe:XyTO4YHasI ATTECTALUSA 110 AUCUHUIIMHE

3auem c ouyenxoti (Cemecmp Ne§)
HToroBasi onieHKa MO Kypcy BBICTaBJISIETCSI HA OCHOBE OLIEHKM 3a MPOMEXYTOUHYIO aTTECTaIUIo.
Bo3moyxeHn cnyuaif, korja B CHy 3HAYUTEIbHO OTJIMYAIOLIEHCs TEKyllell OLIEHKH MOXKET ObITh
MPUMEHEH MOBBIIAIOIINNA WIIH MOHMKAIOIMNN KOAPPUIUEHT

B numnioMm BBICTaBISE€TCS OILIEHKA 3a 8 CEMCCTP.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO JUCHUILIMHE MPUBEIEHBI B (DOH/IE OLICHOYHBIX
matepuanos OITOII.

5. YYHEBHO-METOANYECKOE OBECIHEYHEHUE JUCLHUIIJINHbI

5.1 ITeyaTHbIE U YJIEKTPOHHbIE H3IAHNUS

1. Amutpues, A. C. ®u3uKO-XUMHSI HAHOCTPYKTYP : yueOHoe nmocobue no kypcam "OU3uko-Xxumus
HAHOYACTHI] U HaHOMaTepHuasioB", "TernnoBble nporeccs B HAHOCTPYKTypax", " Xumus
HaHOCTPYKTYp. YacTh 2" no HampaBiieHuIo" S iepHas sHepreTrka 1 Teriodusmnka’ mo npopuio
"HanoTtexHosoruu u Hanomarepuansl 1yt sHepretuku” / A. C. Imutpues, U. A. Muxaiinosa, Ha.
ucciaen. yu-t "MOUN" . — M. : U3a-Bo MOU, 2013 . — 240 c. - ISBN 978-5-7046-1356-5 .
http://elib.mpei.ru/elib/view.php?id=5631,

2. barpaxkos, A. A. VccnenoBanue GU3NKO-XMMHUUECKUX CBOMCTB HAHOCTPYKTYPHUPOBAHHBIX
matepuaioB. Hacts 1 : yuebHOe mocobue no kypcy "Pu3nko-XuMusi HAaHOYACTHUI U
HaHOMaTepHasioB" Mo HampasieHuto "SnepHas sHepreTuka u remnodusuka” / A. A. barpakos, U.

14



A. Muxaiinosa, Hau. uccnen. yu-tr "MOU" . — M. : U3a-8o MDU, 2016 . — 76 c. - ISBN 978-5-
7046-1743-3 .

http://elib.mpei.ru/elib/view.php?id=8175;

3. barpakos, A. A. UccnenoBanue GU3MKO-XUMHUYECKUX CBOMCTB HAHOCTPYKTYPUPOBAHHBIX
marepuaioB. Yacts 2 : yuebHoe mocodue no Kypcy "Pu3nko-XuMusi HAaHOYACTHUIL U
HaHOMaTepHaJIoB" 1o HampaBiieHuto " nepHas sHepreTuka u Ternodusuka” / A. A. barpakos, U.
A. Muxaiinosa, Hau. uccnen. yu-tr "MOUN" . — M. : U3a-8o MDU, 2017 . — 80 c. - ISBN 978-5-
7046-1807-2 .

http://elib.mpei.ru/elib/view.php?id=9501,;

4. Crapoctus, B. B. Marepuainsl 1 MeTOIbI HAHOTEXHOJIOTHH : YieOHoe ocobue / B. B. Ctapoctun
; O6m. pen. JI. H. TTarpukees . — M. : BUHOM. Jlaboparopus 3uanuii, 2008 . — 431 c. —
(Hanorexnonorumn) . - ISBN 978-5-947747-27-0 .,

5. Cyszpnanes, U. I1. HanotexHosnorusa. ®U3nK0-XUMHUs1 HAHOKJIACTEPOB, HAHOCTPYKTYP U
nanomatepuasioB / U. I1. Cy3nanes . — 2-¢ u3n., ucnp . — M. : Dnuropuan YPCC, 2009 . — 592 c. —
(Cuneprernka: ot mponuioro k oyaymemy) . - ISBN 978-5-397-00217-2 .;

6. Hayunble OCHOBBI HAHOTEXHOJIOTHIA U HOBBIE IIPUOOPHI : yueOHUK-MOHOTpadus : mep. ¢ aHri. /
Pen. P. Kencamn, A. Xammm, M. I'eoreran . — lonronpynusiii : Maremnexr, 2011 . — 528 c. - ISBN
978-5-91559-048-8 .;

7. Auapuesckuii, P. A. OCHOBBI HAHOCTPYKTYPHOI'O MaTepuagoBeieHus. Bo3aMoXXHOCTH U
npobuemsl / P. A. Aunpuesckuii . — M. : BUHOM. Jlaboparopus 3nanuii, 2012 . — 252 c. —
(Hanorexnomnorun) . - ISBN 978-5-9963-0622-0 .;

8. Imutpues A. C.- "Beaenue B Hanoremnopusuky", (2-e uza.), M3garensctBo: "JlabopaTopus
3Hanuit", Mocksa, 2020 - (793 ¢.)

https://e.lanbook.com/book/135485.

5.2 JIuueH31M0HHOE U CBOOO/IHO PacpOCTPaHsieMoe NPOrpaMMHoOe odecreyeHme:
1. Office / Poccuiickuii makeT 0(UCHBIX IPOTpamMMm;
2. Windows / OniepanionHasl cuctema cemeicTna Linux.

5.3 UuTepHeT-pecypcsl, BKJIIOYas nNpodeccuoHATbHbIE 0a3bl JaHHBIX U HH(POPMAIIMOHHO-
CIIPaBOYHbIC CHCTEMBI:

1. 9BC Jlaub - https://e.lanbook.com/

. Hayunasi 3siekTponnas 6udsmoreka - https://elibrary.ru/

. baza nannbix Web of Science - http://webofscience.com/

. Baza nannbix Scopus - http://www.scopus.com

. HammmonanbHas 2iekTpoHHas 6udiamoreka - https://rusneb.ru/

. DaexkTponHasi 6udimoreka MIU (36 MIM) - http://elib.mpei.ru/login.php

. ITopTan oTKpwITHIX JaHHBIX Poccuiickoii ®exepanuu - https://data.gov.ru

8. ba3za oTKpBITHIX JaHHBIX MUHHCTEPCTBA TPYAA U COUMAIBHOI 3a1UTHI PD -
https://rosmintrud.ru/opendata

9. ba3a OTKpPBITHIX JaHHBIX NPO(ecCHOHAIBHBIX CTAHAAPTOB MUHHMCTEPCTBA TPYAA U
conuaabHoi 3aumthl P® - http://profstandart.rosmintrud.ru/obshchiy-informatsionnyy-
blok/natsionalnyy-reestr-professionalnykh-standartov/

10. ba3a OTKpBITHIX JaHHBIX MHUHHCTEPCTBA IKOHOMHYECKOTro pa3Butus P® -
http://www.economy.gov.ru

11. Ba3a oTKpbITHIX AaHHBIX PocuamonuTopunra - http://www.fedsfm.ru/opendata

12. DnexTpoHHast oTkpbITas 6a3a naHHbIX '"'Polpred.com O630p CMH" -
https://www.polpred.com

13. HanmmoHabHbBIi mopTaJ oHJaiiH 00ydyenns «OTKpbITOE 06pa3oBanue» - https://openedu.ru
14. OpuunanbHblii caiT e1epajibHOr0 areHTCTBA M0 TEXHHYECKOMY PeryJMpoBaHHIO H
MetpoJioruu - http://protect.gost.ru/

~NOoO Ok, WN
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15. OTkpeITas yauBepcuterckas nHpopmannonnas cucrema «POCCHUS -

https://uisrussia.msu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHEYEHUE JUCHUIIJIMHBI

Tun nomemnieHust Homep aynuropun, OcHamenue
HAaMMEHOBAaHUEC
VY4eOHbIC ayAUTOPUH IS M-409/2, CTOJI TIPEMNoaaBaTelIsi, CTOJ, TOCKa
MIPOBEICHUS JICKITMOHHBIX Aynuropus kad. MEJIOBasi, MYJIbTUMEIUINHBINA TPOEKTOP
3aHATHI ¥ TEKYIIETO KOHTPOJIS "HT"
K-120, MamuHHbIi cepBep, KOHAULUOHED
3an UBI]
Y4eOHble ayIUTOPUH IS M-409/2, CTOJI MIPETIo/IaBaTelisl, CTOJI, T0CKa
MIPOBEJICHUS MPAKTUYECKUX Aynuropus kad. MeJIOBasi, MyJIbTUMEIUUHBIN POEKTOP
3aasatuii, KP u KII "HT"
K-120, MamuHHbIA cepBep, KOHAUIMOHEP
3an MBI]
Y4eOHble ayIUTOPUHN AJIs M-409/2, CTOJI MPETOo aBaTelIsl, CTOJM, TOCKa
IIPOBEICHUS IIPOMEKYTOUYHON Aymutopus kad. MEJI0Basi, MyJbTUMEIUWHBINA IPOEKTOP
aTTecTalluu "HT"
K-120, MamuHHBIMA cepBep, KOHAUIUOHED
3an MBI]
ITomemenus nis M-411/1, CTOJ, CTYJI, JOCKa MEJIOBasl,
CaMOCTOSITENTLHOM pabOThI KowMmmbloTepHslii | MyIbTUMEIUHHBIN TPOEKTOP, KOMIBIOTEP
KJ1acc IIEPCOHAJIBHBIN
[Tomemenus ans M-423/1, CTYJ1, CTOJI TUCbMEHHBIN
KOHCYJbTUPOBAHUS Aynuropus kad.
"HT"

[TomemeHus st XpaHEHUs
o0opy0BaHus U y4eOHOTO
WHBEHTap

M-407/1, KnagoBas

CTCJUIAXK JIS1 XpaHCHUA UHBCHTAPA,
CTCJIIAXK IJIA XPAaHCHUS KHUT', MTHBCHTAPb
CHCI.[HaJ'IPI3Hp0BaHHBII>i
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

DOU3HUKO-XUMUS HaHOYaCTHUIl 1 HAHOMATCPHUAJIOB

(Ha3BaHME AUCIMILIMHBI)

8 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1

KM-2

KM-4

[ToaroroBka pedepara o Teme BakyyMHBIX HACOCOB M BAKYYMMETPOB. TecTUpOBaHUE 1O TEME:
DJEeKTpOHHAs MHUKPOCKOIHS (ITPOCBEUMBAloias U ckauupytomias). OcobeHHocTu
MPUTOTOBJICHUS 00pa3noB s uccienoBanus. (Pedepar)

Otuer no uccienoBaTeNbckoi 1abopaTopHoit padote: [lonydeHre TOHKUX MJICHOK METOI0M
MarHeTPOHHOTO pacibuieHus. BhImonHenue pacueTHoro 3aanus. KommokBuyM 1mo Meronam
HCCJICIOBAHMSI CTPYKTYPHBIX, SJICKTPOHHBIX ¥ MATHUTHBIX CBOHCTB HAHOOOBEKTOB U
noBepxHocTu (Komnoksuym)

OTueT 1o BBHINIOJIHEHHOMY HCCIIEJOBAHUIO XUMHUYECKOTO COCTaBa 00pa3lloB HAHOYACTHIL
HAaHOMATEUAJIOB C TOMOIIIBI0 PEHTICHOBCKOM (DOTORICKTPOHHOH crieKTpockonuu. PacyeTHoe
3ananue. [logroroBka pedepara (Pedepar)

3amura uccaea0BaTeNIbCKOM J1abopaTopHOi paboThl: Macc-ClIEeKTpOMETPHUS - METOJ]
orpeneeHus: PU3NKO-XMMUISCKUX CBOMCTB HaHOMaTepuasioB. Onpe/iesieHie cocTaBa BaKyyma B
aHaniutuyeckoil kamepe (Kosioksuym)

Bujx npome:xyTo4HOI aTTecTanmu — 3a4eT C OLIEHKOM.

Nunexc KM- | KM- | KM- | KM-
Howep Paznen nucuuminHb KM: L 2 3 4
paznena Henensa 4 8 12 16
KM:
1 OcCHOBHBIE TIOHATHUS O HAHOYACTHIIAX, HAHOMATepHalaxX U UX
CBOMCTBAX
11 Yro Takoe HaHOHAyKa/HayKa O HAHOCTPYKTYype +
1.2 OcobeHHOCTH (PU3NYECKUX U XMMUYECKUX CBOMCTB +
5 Mertobl nostyyeHust ¥ CTaOMIIN3alui HAHOYACTHUI U
HaHOCTPYKTYD
2.1 TexHOIOrHUEeCKUl MOAX0]] «CBEPXY-BHHU3» +
2.2 TexXHOIOrnu «CHU3y BBEPX» +
2.3 Mertoap! onpeienieH st yCTOHUYMBOCTH AUCTIEPCHBIX CUCTEM + +
3 PU3NKO-XMHUYECKHE CBOMCTBA HAHOCTPYKTYP U
HaHOMAaTepHaJoB
31 OyHmaMeHTaIbHAasK CBSA3b: XUMHUYECKUI COCTaB—aTOMHAs +
' CTPYKTYPa—MHKPOCTPYKTYpa— MaKpO-CBOWCTBA
32 Onrrueckre cBOMCTBA HAHOYACTUIl U HAHOCTPYKTYD: +
' HaHO(OTOHMKA
3.3 TermioBble cBOIICTBA HAHOYACTHI] + +
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3.4 MarsuTHbIE CBOMCTBA U UX NIPUPOJA +
35 MeTo/b1 MccieIoOBaHUS CTPYKTYPHBIX, 3JIEKTPOHHBIX U +
' MAarHUTHBIX CBOMCTB HAHOOOBEKTOB M MOBEPXHOCTH
4 Poct, Mopdonorus u apxurekTypa HaHOYACTHI] U
HAHOCTPYKTYP
41 OO61re MexaHu3Mbl TOMOTEHHOM U TeTepOreHHON +
' HYKJICALIUU
4.2 Moaenu pocta 00bEMHBIX CTPYKTYP (KPHCTAILJIOB) +
43 CamocOopka HyJIb-MEPHBIX CTPYKTYpP B YIIOPSIOUEHHbIE +
' MaCCHBBI
4.4 YriiepoaHble HAHOCTPYKTYPBI +
5 OU3NKO-XUMHUS Pa3pyILICHHUs] HAHOCTPYKTYP
5.1 Oco0eHHOCTH yCTOMYMBOCTH HAHOAUCIIEPCHBIX CUCTEM + +
6 CymecTByIONIHE U MEPCIIEKTUBHBIC HATIPABJICHUS
MPUMEHEHUS HAHOCTPYKTYP U HAHOMAaTepHAaJIOB
6.1 [IpumMeHeHre moaynpoOBOIANINX HAHOCTPYKTYP +
6.2 BnusiHre HAaHOTEXHOJOTHI HA TPAJAUIIMOHHYIO DJIEKTPOHUKY +
Bec KM, %: | 20 20 30 30
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