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1. IEJIb OCBOEHUS JUCHUITJIMHBI

Lleq1b10 OCBOCHHS AMCUUILIHHBI «BBeieHHe B HAHOTEXHOJIOTHION ABIAETCs pHoOpeTeHne
CTYJICHTAMH 3HAHHH B TEPMHUHOJIOTHH, MaTepHAIOBEJICHHH U NPAKTHYECKHX NMPHMEHEHHH HaHO-
MaTEepPUAIOB, TO3BOJSIIOLIMX OPHUEHTHPOBATLCA B OCHOBHBIX TPHJIOKEHHUSAX HAHOTEXHOJIO-
ruit/nanoHayku. 3amaua y4yeOHOro Kypca — O3HAKOMJIEHHE C OCHOBHBIMHM KiaccHpHKaLMsIMU
HAHOCTPYKTYPHPOBAHHBIX MaTepHalOB M NpHHUMNAMH paboThl JAHarHocTuyeckoro obopynoa-
HHAL.

PasnooOpasue siBeHuil Hab1101aeMBIX B HAHOCTPYKTYPHPOBAHHBLIX MaTepuayioB Tpedyer
OT MCcjieoBaTeNs 3HAHWH, KaK CTPYKTYpPbl HCCIIEAYEMbIX MAaTepHalIOB, TaK M METOJOB JHarHo-
CTHKH, (PU3HYECKHX OCHOB MX pealu3auuy U o0nacTH npuMeHUMOCTH. B paMkax aaHHoro kKypca
oOyyaromunecs Mojy4yar 3HaHHs U HABBIKH, MO3BOJIAIOIINE UM B JlasibHeleM 2 peKTHBHO cripaB-
JIATBCA C 3aJla4aMH U3YUEHHs CBOMCTB M XapakTepH3allMi HAHOCTPYKTYPHPOBAHHBIX 00BEKTOB.

2. MECTO JHCUHUIIJIMHBI B CTPYKTYPE OIIOIT BO

Jucuumumna “Beenenne B HAHOTEXHOJMOIHIO” OTHOCHTCA K 0a30BOH 4acTH OCHOBHOI
npogeccnonalbHoi oOpasoBaresbHoi nporpaMmel. [IporpaMma npegnasHaveHa Juist OArOTOBKH
OaxanaspoB 10 HanpasiaeHHIO0 «HanoTexHoJIOrMM 1 MUKpOcHcTeMHas TexHHuKa». Kype "Bpeaenue
B HAHOTEXHOJIOTHIO" uhTaeTes BO 2 cemecTpe U OasupyeTcs Ha paHee NMoJyYEHHBIX 3HAHHAX CTY-
JICHTOB, NPHOOpeTeHHBbIX B Kypcax obweit ¢pusukn. On HanpasjieH Ha 03HAKOMJIEHHE Pa3sMEpPHBIX
pdexToB u cBOHCTB HAHOOOBLEKTOB, METOOB UX [OJIYYCHHS, IPHOOPETEHHIO HABLIKOB paboThl ¢
YCTAHOBKAMH 110 TOJIYYEHHIO M JIMArHOCTHKH HAHOMATEpHAJIOB, Ha oOluee pacliMpeHne KoMmie-
TEHIIHHU CTY/IEHTOB B 00J1aCTH HAHOTEXHOJIOTHI.

3HaHud, NOJyYEHHBIE B pPAMKaX M3YUEHHs JAHHON AMCLMIUIMHBI, MOTYT ObITb NPHMEHEHBI
JUISL HAITMCAHUS BBITYCKHOM KBAIM(PMKALIMOHHOH paboThbl.

3. KOMIIETEHUHHU OBYYAIOUEIOCs, POPMUPYEMBIE B PE3YJIbTATE

OCBOEHHUSA JUCHUTIIJIMHBI (MO/1YJI)

B npouecce ocBoeHHs JJaHHOH JIMCUMITIMHBL CTYJICHT (OPMHPYET U JICMOHCTPUPYET clie-
JYIOLIHE pe3yJIbTaThl 00pa3oBaHus:

3uaTh: OCHOBHBIC BHJbI M CBOHCTBA HAHOOOBLEKTOB, HAHOMAaTepuasloB, NPUOOPOB H
YCTPOHCTB Ha MX OCHOBE, THIIOBBIC TEXHOJIOTHYECKHE MPOLIECCHl X TOJYYEHHs, AIEMEHTAPHYIO
Ga3sy, a Taxke Tunosoe obopyaosanue (OI1K-1,2).

YMerb: NPUMEHATh COBPEMEHHBIE METO/1bl HCCIIE/I0BAHMS JUIsi CHHTE3a M aHATM3a MaTepH-
AJIOB M KOMIIOHEHTOB HaHO- U MHKpocHcTeMHON TexHuKH (OITK-1);

MPUMEHATE CIPABOUHBIA annapar 1o Beibopy TpefyeMbIX MaTepHAIOB, KOMIIOHEHTOB Ha-
HO- 1 MHKPOCHCTEMHOH TEXHHKH, ITPOLECCOB HAHOTEXHOJIOTHH M METOI0B HAHOAHATHOCTHKH IS
peteHust KOHKpeTHbIX 3ana4 (OI1K-1,2).

Baagern: criocoOHOCTBIO NMPOBOAMTL HAIAAKY, HACTPOHKY, IOCTUPOBKY H ONBITHYIO IPO-
BEPKY Jla3epHbIX IPHOOPOB U cHcTeM B J1a00paTopHBIX yeuoBusX U Ha oObekTax (OITK-1,2).

B pesynprare usyueHus AHCUMIUIMHBL QOPMHPYIOTCS clieaytomue olie npodeccHoHab-
Hbl€ KOMITETEHIIHH:

CIIOCOOHOCTBIO MPEJICTAB/IAThL a/ICKBATHYIO COBPEMEHHOMY YPOBHIO 3HAHMi HAYYHYIO Kap-
THHY MHPa Ha OCHOBE 3HAHUS OCHOBHBIX IOJIOMKEHHUI, 3aKOHOB M METOJIOB €CTECTBEHHBIX HAYK H
matematuku (OITK-1);

CMOCOOHOCTBIO BBIAB/IATH €CTECTBEHHOHAYUHYIO CYHIHOCTE 1Ppo0JieM, BO3HHKAIOLIHX B XO-
Jie TpOpeCCHOHANBHOM IeSTeIbHOCTH, NPHBJIEKATH JUIA HX PELICHHS COOTBETCTBYIOMIMM PU3HKO-
maremaruyeckui annapar (OIK-2).
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4. CTPYKTYPA U COAEP)KAHUE JUCUHUITJIMHBI (MOAYJIST)

OO01as Tpy10eMKOCTb JHCUMIUIMHBI COCTABAET 2 3a4ETHBIX €IMHHULL, 72 YacoB.

Buawl yuebnoit paboTel, BKIIOUAA CAMOCTOATENBHYIO O6bem
g PAGUTY TyacHIS yacGHoR DOopMBI TEKYLLETO KOH-
E" H TPYAOEMKOCTH (B Hacax) paGoThl, "P CKYLUEro ;
E. g o o - ¢ npuMeHe- TpoJia yCnesacMocTH
[ Pasnen (Tema) I - = 2 3 ) (no wedeaam cemecmpay),
o o = = & HHEM HHTEP-
n/n JHCLUHIUTHHBI ] = 3 B g E c = 3 & (hopma npomMeRyYTOUHOM
5 2 2E PE|l BE| © 2 [ AKTHBHBIX
© g 2 = == &2 a8 & =x aTTecTaUHH
Y = g E E: 8 E' gl “ S e ToRaS (no cemecmpam)
= | 8| &7 | ¢ z = | (8 uacax/ pan
= = "4 %)
1 | Knaccudurauus -
HAHOMATEPHAJIOB,
N g 2l 12 [ 2 |« « [ 2] « |4 2/50
Pazmephbiii ap-
dekr.

2 | Hcropusa  passuTus - PeliTunr-
HAHOHAYKH W HaHo- | 2| 3-4 4 | - - - - 2 KOHTpoJL Nel
TEXHOJOIMH

3 | Texvonoruu nony- - PeliTunr-
YEHHS  HaHOMaTe- o

21513 | 6 | =] « [ 8 | = |14 7/50 | XoHTponbNe2
puanos. HanoGeso-
NacHOCTh.
4 | Mertoabl  aMArHo- -
CTHKW W cBoictsa | 2|14-17| 4 | - - 8 - 14 6/50
HAHOMATEPHANIOB.

5 | IlpumeHenus HaHo- PelTHHr-
cTpykTyp B mpous- | 2| 18 2 - = 2 KOHTpOJIbNe3
BOJICTBE H HayKe.

Beero 2| 18 18 | - - 18 | - 36 | - 15/41 3auer

COJAEPKAHHUE JINCUUITTIIMHbI
Jlekuun
Paspen 1. Knacendukanus Hanomarepuanos. Pasmepubiii addexr.
Jlekuus 1. Knaccudukauus HaHooObEKTOB H MX XapaKTepHble 0COOEHHOCTH: KpUCTAJUIHYeCcKas,
reoMeTpHYecKas, MeKTPOHHAs CTPYKTYphl. PazMepHbie  3aBUCHMOCTH  (PH3MKO-XHMHYECKHX
CBOHCTB MarepuasioB B KJIACCHYECKOM M KBAHTOBOM IPUOJIMAKEHUSAX.

Pasnen 2. Mctopus pa3sBUTHS HAHOHAYKH M HAHOTEXHOJIOTHH.
Jlekuus 1. JlpeBHue UMBHIM3ALMK W HaHOTeXHONOTHMH. Puuapn ®eiiuman u nanomup. Cospe-
MEHHOE COCTOSHHE HaHOHayKH  npucyxaenne Hobenesckux npemuit no pusnke

Paspen 3. Texnonorun nonyuenus Hanomarepuasio. Hanobe3onacHocTs.
Jleknus 1. @opMupoBaHie MaTepUAIOB M0 MEXAHU3MY «CHU3Y-BBEPX)» H «CBEPXY-BHU3Y,

Jlekuns 2. MeTo/1bl MEXaHHYECKOro U PM3HUYECKOro JAUCIIEPrupoBaHHs

Jlexuus 3. MeTosibl XMMHUYECKOTO JUCHeprupoBanus. buojornyeckue MeTo Il MOJIyYeHHsl MaTe-
pHaAJIOB

Jlexuus 4. UckycerBennoe nanodopmooOGpazoBaHue: NYYKOBbIE M 30HOBBIE METO/bI JHTOrpa-
(pun. OcobennocTu TexHuku OGezonacHocTH npu pabore ¢ HaHOOOBEKTAMH

Pa3zjen 4. MeToabl IMarHOCTHKH M CBOHCTBA HAHOMATEPHAIIOB,
Jlexumsa 1. Meto/ibl onpejieieHust AUCIIEPCHOCTH HAHOMATEPHATIOB M ONPEACICHUA 2JIEMEHTHOIO
cocraBsa
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Jlekums 2. MeTto/ibl anain3a (pa3oBOro cocTaBa v MCC/ICA0BAHMS MIOBEPXHOCTH MATepHAIIOB
Pa3zjpen S. [ [puMeHeHHs HAHOCTPYKTYP B NPOU3BOJACTBE U HayKe.
Jlekuus 1. [IppMeHeHHs HAHOMATEPHAJIOB B IIPOMBILLUIEHHBIX TEXHOJIOTHAX, B MeJIHLIHHE, B pobo-
TOTEXHHKE, B CTPOMTE/BHBIX TEXHONOIHAX; Maremarnyeckoe MOJICIMPOBAHHE B HAHOTEXHOJIOIH-
AX.

JlabopaTopubie paboTsbl
1. [TonyyeHnne TOHKHX IUIEHOK METOAOM JsazepHolt abnsumnu. CpaBHUTE/IBHBIH aHAIN3 KOJILLEBbIX
30H B arMocdepe Bo3/lyxa U B Bakyyme
2. [Ipunuun paboTel aTOMHO-CHIIOBOTO MHUKpOCKoIa. JlHarHocTHKa 3epeH TOHKOH MeHKH

3. [Tosyuenne HAHOYACTHIL METO/IOM Jla3epHOil abJIAIMH B KHIKOCTD

4. MeTo1 IMHAMMYECKOrO paccesHus CBeTa JUlsd aHajM3a JMCIEPCHOro COCTaBa KOJUIOMIHOIO
pacTBopa

5. M3yuenue BAMsHMA NMOAAPH3ALNK J1A3€PHOTO JIyya HA J1a3epHYI0 MOJM(UKALUIO TTOBEPXHOCTH
TOHKHX IIJICHOK

6. Onpenenenne OJAHKHETO/IaILHErO MOPAAKA HAHOCTPYKTYPUPOBAHHUSA [TOBEPXHOCTH IO pe3yib-
TaTaMm pacTpoBOH IEKTPOHHON MHKPOCKOIIHH

7. CraructHueckas oOpaboTKa pe3yibTaToB IKCIIEPHMEHTOB

5. OBPA3OBATEJIBHBIE TEXHOJIOT'MH

AKTHBHBIC H HHTEPAKTHBHBIE opmbl 00yueHus

C nenbio GopMHpOBaHHUs M Pa3BUTUS NPOPECCHOHAILHBIX HABBIKOB CTYICHTOB B Y4eOHOM
IpOIECce HCIOJIL3YIOTCH AKTHBHBIE W MHTEPAKTHBHbIE (DOPMbI MMPOBEJICHHUS 3aHATHH (KOMIIbIO-
TEPHBIX CUMYJIALMH, pa300p KOHKPETHBIX CUTYALHii) B cCOUETaHHH C BHeay IUHTOPHOIH paboToi.

CamocrosiTe/ibHAs paboTa CTYICHTOB

CamoctosTenbHas (BHeay iuTOpHas) paboTa CTYGHTOB BKJIIOYAET 3aKperjieHHe TeopeTHYe-
CKOI'o MaTepuasia IpH 1oAr0TOBKE K BBINOJHEHHIO HHMBHIyaIbHOH JloMamHei paGotel. OcHoBa
CaMOCTOSATEILHON paboThl - M3yUeHHE JIMTEPATYPhI 110 PEKOMEHI0BAHHBIM HCTOYHHKAM H METO-
JMUYECKHM YKa3aHHAM JUIS CAMOCTOATEIbHOM paboThl, pelenne BbIAAHHBIX MpernojiaBaresem
MPaKTHKH 3a]auy.

MyJabTHMeaAHiiHbIEe TeXHOI0rHH 00yYeHns

Hekoropele M3 JNEKIHMOHHBIX M NMPAKTHYECKUX 3aHATHIT NPOBOJASATCS B BHJE Npe3eHTallHi B
MYJIbTHME/IMHHOM ayauTopuH (Hanpumep, ayl. 420-3) ¢ HCMOJIb30BAHHEM KOMIIBIOTEPHOTO IPO-
CKTOpAa.

JIeKUHH NPHIIAEHHBIX CHIeHATHCTOB

[Inanupyercs nposeieHHe JIEKIMH NPUIIIALLICHHBIX CIEIIHAJIUCTOB.

6. OLIEHOYHBIE CPEJICTBA JIUISI TEKYHIEI'O KOHTPOJISI YCIIEBAEMO-
CTH, IPOMEKYTOYHOMU ATTECTALIMH 11O UTOI'AM OCBOEHHUSI JIUC-
HMITJIMHbI U YYEBHO-METO/IMYECKOE OBECIIEYEHUE CAMOCTOSI-
TEJBHON PABOTBI CTYJIEHTOB

a) Bonpocel peiirnnr-kouTpos:

K peitmunz-xonmponio 1

I, JlaiiTe onpe/enenue NMOHATHAM HAHOYACTHILA, HAHOTPYOKa, rpadeH;
Jaiite onpenenenue pasmepuomy addekry;

OTHecHTe HAHOMOPOIIKK 1O Pa3MEPHOCTH K HYXKHOH rpyrine:

(U5 I 38 |

O/IHOMEPHBIE;
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®  JIByMEpHBIE;
®  TpeXMEepHbIE;
®  MHOrOMepHbIE,
M JINCTIEPCHOCTH K HYXKHOH rpymne:
®  HYJIbMEpHbIE,
®  OJHOMEpHBIE;
®  JIByMEpHbIE;
®  TpexMepHbIE.
K petimunz-konmposo 2
L. IIpuBeauTe npuMep AUCIEPCHBIX CPejl, B KOTOPBIX JUcIIepcHas (aza HaXoAuTCs B
JKHJIKOM COCTOSIHHMH, a Cpejia — B ra30BOM;
2. B yem 3akmouaercst npuHIMI GOPMUPOBAHUS HAHOMATEPHAJIOB 110 MEXAHH3MY
«cBepXy-BHHU3». KakuMH MeTOJaMH MOKHO 9TO OCYIIECTBUTH?
K peiimunz-konmponrw 3
8 HMcnonp3oBanue HAHOMATEPHAJIOB B JIPEBHUX LIMBUIM3ALMAX: KAKHE MATEPHAIIBI U
JUISL KAKUX IPHMEHEHHH;
2 HazoBure MeTO/bI ONpeeaeHus UCIIEPCHOCTH H METO/1a ONPEeIe/ICHUS CTPYKTY-
pbl HAHOMATEPHAJIOB;
3. Texnuka Oe3onacHOCTH npu paboTe ¢ HAHOMATEPHATIAMH.

0) BONPOCHI K 3a4€Ty M0 ANCHHIIHHE:

. Knaccudukaims JucrnepeHbIX CHCTEM MO arperaTHOMY COCTOSAHHIO;
2. Kuaccugukanus AMcnepeHbIX CHCTEM 110 pa3MepaM;

MeTo/1bl MEXaHHYECKOTO JMCIIePrUpOBaHHS;

MeTo/1bl (PU3HYECKOIO JAUCIIEPTUPOBAHUA,

MeTo/bl XMMHYECKOr0 IMCIEPrHpOBaHus;

[IpuHLMN GOPMHPOBAHUA MATEPHAIIOB «CHH3Y-BBEPX ),

CTpykTypa HaHOpa3MEepPHBIX MATEPHAIIOB;

Pasmepublit o dext;

(%]
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9.  MHccenenoBanue 21€MEHTHOrO COCTaBa HAHOMATEPHAJIOB;

10. Hccnenosanue (pazoBoro coctaBa HAHOMaTEPHAIOB;

11. MeTtoasl H3ydeHUs TOBEPXHOCTH;

12. [lpuMeHeHHs HAHOMATEPHAIOB B IIPOMBILIJICHHBIX TEXHOJIOIHSX
13. TlpuMeHeHHs: HAaHOMATEPHAIIOB B MEJIMLIMHE;

14. IlpyMeHeHHss HAHOMATEPHAJIOB B HAYKE;

15. TlpumeHenust HaHOMATEPUAJIOB B POOOTOTEXHHUKE;,

16. TlpuMeHEeHNst HAHOMATEPHAIOB B CTPOHTEJILHBIX TEXHOJIOTHSX
17. Maremaruueckoe MOJICJIHPOBAHHE B HAHOTEXHOJIOTHSX.

B) BONIPOCHI /LISt KOHTPOJISI CAMOCTOSATE ILHOI padoTbl:
. Knaccudukauus HaHOOOBEKTOB;
2. OnTHyecKHe XapakTepPUCTHKH HAHOCPE/L;

3. MyHKUHOHANbHBIC H KOHCTPYKIIHOHHBIC HAHOMATEPHAJIBI;

4. MexaHu3MBbl pocTa IUICHOK M3 napa;

5. OcolGeHHOCTH METOA0B KOHCOJINAAIIMH HAHOMATEPHAIOB,

6. Jlasepuas nanomMoaM(pUKalHs TIOBEPXHOCTH;

7. Metojbl 30H/10BOI TEXHOJIOTHH Ul CO3/IaHHs HAHOMATEPHAJIOB;
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8. Merobl H3y4yeHHUs CBOICTB HAHOMATEPHUATIOB;
9. JlazepHas abusiHs TBEPALIX MAaTEPHAIIOB.,

) TeMbl pedepaTos:
Puuapa ®@efinman ¥ HaHOMUD,
HoGenerckas npemus no ¢pusnke 3a 2010 A. K. 'eiima u K. C. HoBocénosa;
JlpeBHue IHUBHIM3ALMN U HAHOTEXHOJIOIHH;
Paspaborka PoGepra @ysuia (Robert Full) u3 bepkiu;
danTacTHYeCKHE NPUMEHEHHs: HAHOKPYKKA, HAHOJH(T, HAHOMHIIIOJIH;
6. JIHK- u PHK-nanorexHonoruu;
7. IlpoMbliUIeHHBIH CHHTE3 MOJIEKYI JIeKapeTB U apMakoIorHyeckux rpenapaTros yer-
KO onpe/esieHHOH Gpopmbl (GHO-TIeIITH/IBI);

L

8. [lpumeHeHHE HAHOTEXHOJIOTHH B KOMIILIOTEPHOH TEXHHUKE: LEHTpalIbHbIE MPOLECCO-
pbI;

9. IlpumeHeHMe HAHOTEXHOJIOIHI B KOMNBLIOTEPHOH TexHHKe: kécrkue aucku (GMR-
apdexTa);

10. I'nOkue ToHkHe 3KpaHpl (rHOKHE KOHTAKThl HA HAHOYTTIEPOJE);

1. TlpumeHenne HAHOTEXHOJOIHI B TEXHUKE Ul Mepe/iadd OrpoMHBIX 00BEMOB HH(pOP-
MALHH;

12. KBaHTOBbIE KOMIMbIOTEPBl, HAHOTEXHOJIOTHH M HAHOIUIa3MOHHKA;

13. Hanorexnosioruu 1 pobOTOTEXHHKA;

14. HanopoOoThl perinkaTopbl ¥ UX CO3/1aHHE;

15, ATOMHO-CHJIOBass MMKPOCKOITHS,

16. MarHuTHO-CHIIOBasi MUKPOCKOITHS;

17. Cxkanupyrouias 31eKTpoHHas MUKPOCKOIHS;

18. Muxpockonus OJHKHErO 11014,

19. llpocBeunBaromas MeKTPOHHAA MHKPOCKOIIHSL:

20. ManoyrnoBoe paccessHie 1 IHHAMHYECKOe paccesiHie CBeTa;

21. AHanu3 TpaeKTOpHiH HaHOYACTHIL, JHHAMHYECKOE CBETOpACCesHHE, CeJIMMEeHTALIHOH-
HbII aHAIM3, YJILTPA3BYKOBLIE METO/IbI;

3]

. Pentrenoaudpakumonibie METOBI;
JIEKTPOHHAS CIIEKTPOCKOINHUS;

4. KonebarenbHasi MUKPOCKOIHS;

25. OKe-CrneKTpOCKOIHS;
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26. Heiitponnas audpakromerpusi;

27. MaruuTtHas HelTpoHorpadus;

28. BoszneiicTBre HaHOOOBLEKTOB HA JKUBBIE OPraHU3MBI;

29. ToxkcH4HOCTH HAHOMATEPHATIOB,

30. MOHMTOPHHI BO3/1€HCTBHS HAHOMATEPHUAJIOB HA KHUBYIO H HEIKHBYIO IPHPOJLY;

31. Pesynbrarhl HAy4HOIO NMpoeKTa 7 paMOUYHOI eBPONEHCKON porpaMMBbl 1o HaHoOe3-
OMACHOCTH.

7. YYEBHO-METOJIUYECKOE H HHO®OPMAIIMOHHOE OBECIHEYEHHUE
JAUCLHHITIIMHBI
a) OCHOBHAs JIMTEpaTypa:

I. Apakensn C.M. Bpeaenune B pemToHaHo(OTOHMKY: (PyHIaMeHTalIbHbIE OCHOBBI U Jia-
3€PHBIC METO/IbI YIIPABJIAEMOIO MOJYYEHHS W JIMArHOCTHKH HAHOCTPYKTYPHPOBAHHBIX MaTepHa-
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n0B : yuebnoe nocobue mo HanpasieHHsM noarotosku Gakanaspuara 200400 (200200) "Omnro-
texuuka", 200500 "Jlazepnas Texuuka u naszepuple Texsonoruu", 200700 (200600) "®oronuka u
ontouH(opmaruka" u cneunansHocTaM 200200 "Ontorexuuka” u 200201 "JlasepHas TexHHKa W
nazepuble TexHonorun" / C. M. Apakenss [u ap.] ; noa obut. pex. C. M. Apakensna .— Mocksa :
Jloroe, 2015 .— 743 c. : nn., tabn. + 1 anexkTpon. ont. auck (CD-ROM) (211 M6) .— bubnuorp.
B KoHle u. — C. M. Apakensn, A. O. Kyuepuk, B. I'. [Ipokowes, B. I'. Pay, A. I'. Ceprees - npe-
noaasarenu Bal'V .— ISBN 978-5-98704-812-2. bubaunoreka Bal'yY

2. Hesosnmn B.K. KBanTtoBasi ¢u3zuka u HaHoTexHONOruu [DnektpoHHslii pecype]/ Heso-
nuH B.K.— DnexTpoH. Tekcrosele ganHble.— M.: Texnocdepa, 2013.— 128 c.

3. Crapoctun B.B. Marepuanbsl U MeTOAbl HAHOTEXHOJOTHH [DnekTpoHHBIH pecype]:
yuebHoe nocobue/ Crapoctun B.B.— Dnextpon. tekcrosble nanubie.— M.: BUHOM. JlaGopa-
TOpHs 3HaHuii, 2015.— 432 c.

0) sononHUTeNbLHAS JIHTEpaTypa:

I. Apakensn C.M. MHUKPOCTPYKTYpPbI, HAHOCTPYKTYPbl H F'HAPOJAHHAMHYECKHE HEYCTOMH-
YHUBOCTH, MHJLYLIMPOBAHHbIC JIa3¢PHBIM U3JYy4EHHEM HA MOBEPXHOCTH TBEPAbIX TeJ : MOHOrpadus
/ C. M. Apakensn 1 ap.] ; Braaumupekuil rocypaperseHubit yuusepeurer (Bal'yY) .— Brnanu-
mMup : Brnaagumupcekuii rocynapersenubiit ynusepeurer (Bal'y), 2010 .— 144 c. : un., tabn. —
Mmeerces anexrponnas Bepeus .— bubimorp.: ¢. 133-144.— Cpo0oanblil 10CTYN B 21€KTPOHHBIX
unTaIbHLIX 3a1ax Oubnuorexku .— Adobe Acrobat Reader .— ISBN 978-5-9984-0094-0 .— bu6-
nuoteka Bal'y

2. bapeibun, A. A. @U3NKO-XUMHS HAHOYACTUILL, HAHOMATEPUAJIOB U HAHOCTPYKTYP
[Dnextpounsrii pecype]| : Yueb. nocobue / A. A. bapeibun, B. A. baxtuna, B. M. Tomumun, H. I1.
Tomununa. — Kpacuospek : COVY, 2011. - 236 ¢. - ISBN 978-5-7638-2396-7.

3. T'opoxos B. A. Marepunainsl 1 ux Textosnorud. B 2 u. Y. 1.: YuyeOuuk / B.A. ['opoxos,
H.B. bensikos, A.I'. Cxuprnanse; Ilox pen. B.A. I'opoxosa. - M.: HUL] HH®PA-M; MH.: Hos.
3nanue, 2014, - 589 c¢.: un.; 60x90 1/16. - (BO: bakanaspuar). (1) ISBN 978-5-16-009531-8, 500
K3,

4. 'opoxos B. A. Marepuanbl ¥ ux textonoruu. B 2 u. Y. 2.: Yuebuuk / B.A. I'opoxos u
ap: Ilox pen. B.A. T'opoxosa. - M.: HUL] MH®PA-M; Mu.: Hos. 3nanue, 2014. - 533 c.: un.;
60x90 1/16. - (Beiciuee oOpasoBanue: bakanaspuar). (nepenner) ISBN 978-5-16-009532-5, 500
IK3.

B) [Iporpammuoe obecneuenune u MHTepHeT-pecypeh:

http://www.ntmdt.ru/

8. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYHEHHE JIUCHHUITJIMHBI

JIeKIIMOHHbIE Ay IMTOPHH, OCHALIEHHBIE JOCKOH /I MeJ1a.

AYIMTOpPHS JUISl TIPOBEJCHHS JIEKLIMOHHLIX 3aHATHH, OCHALEHA COBPEMEHHBIM MPOEKTO-
poM 1 HOyTOYKOM, HayuHble JaGopatopuu (104-3, 419-3, 107a-3, 107-3), rae pasmeiwenst ACM
Smena B u 3on108as nHanonaboparopust Ntegra Aura, MHJIHCEKYHAHAs H (eMTOCeKYHIHas Jlazep-
HBIC YCTAHOBKH, paCTPOBBIH eKTPOoHHbIH MUKpockon Quanta 200 3D.



PaGouast nmporpamMma JIMCUMIUIMHBL COCTAB/IEHA B COOTBETCTBHU ¢ Tpebosanuamu PI'OC

BO no nanpasnenuio 28.03.01 «HanoTeXHOJOTMH 1 MUKPOCHCTEMHAS TEXHHKa»

Pabouyio nporpammy cocrasui jgoul. kad. GullM C.B. Kyrposckas i}*‘;’/
&

Peuensent(pl): /%— /y/t’.r;-’(,.r‘r///‘ Tk Cpiey. ECRCLonerr r Tttt CI Gl

-
(Pamunna H.O) (noanues) b7 -/ ////_ ’- £e

[/

[Iporpamma pacemorpena u o100pena Ha 3aceaanuu kadeapel PullM

[potokon Ne 77 or« OF » 2% 201 Srona.

Pabouas [mporpaMMa paccCMOTpeHa H 01106[)@]13. Ha 3aCC/IaHHH y‘lﬁG}IO-MeTOIIH'-lCCKOFI KOMHC-

Sageayowmid kadeapoit dullM C.M. ApaxkensH

cun HanpasyieHus 28.03.01 «HaHOTeXHOIOrHH U MHKPOCHCTEMHAS TEXHHKAY,

[potokon Ne 77 ot «  OF » e 2014 rona.

3aseayroumii kagenpoit GullM ” C.M. Apakensiu

4

JIUCT NEPEYTBEPKIEHWSI
PABOYEH NNPOI'PAMMBI JINCLUTIIJIMHBI

Pabouast nporpamma onoOpena Ha yueOHbIH rof
[TpoTokon 3acenanus kagpeapb Ne oT roja

3aBeayromui kadeapoi

PaGouas nporpamma oj100peHa Ha y4yeOHBIH roja

[TpoTokon 3acenanus kadeapnsr No oT roja

3aBejyroluii kadeapoit

Pabouas nporpamma ogo0pena Ha y4eOHbIH roj

[Iporokon 3acenanus kapeapnt No oT rojaa

3aseayrowuit kadeapoii
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