. HOATOTOBKI / CHEIMATEIOCT
18.04.01 «Xumuueckas TeXHOI0rHE»




HOEJIN OCBOEHHUA JTUCIUIIJIMHbI

Ilenb oCBOEHUS JUCLMIUIMHBL: U3yYEHHE OCHOBHBIX CIELUAIbHBIX, a TAKKe (U3MUECKHX U MeXa-
HUYECKHUX CBOMCTB HAHOMATEPHAIOB M HAHOCHCTEM, a TAKXKE TEXHOJOTHH UX nomydeHus. O0ydeHue cry-
JICHTOB Hay4YHBIM OCHOBaM BbIOOpa HaHOMaTepualsla JJis PEUICHUs CHEeLMaTbHbIX MH)KEHEPHBIX HAaHO-
TEXHOJIOTMIl B XMMHYECKOW TEXHOJIOTMM, KOTOpBIE ONPEAEISAIOT IMOCIEAYIOUIYIO CIELHAIN3aLUI0
BBIITYCKHUKA U (OPMUPYIOT cofepkaHue y4eOHOro IUIaHa MOATrOTOBKM MarucTpa Mo HalpaBJICHUIO
18.04.01 "Xumuyeckast TexHOJOTHA", TPOPHITIO « XMUMHUYECKasi TEXHOJIOTHSI TIepepabOTKH IIacTu4e-

CKHUX MACC U KOMITO3UIIMOHHBIX MATCPHUAJIOB».

3agaun:

- O3HAaKOMJIEHUE CTYIEHTOB C COBPEMEHHBIM METOJAaMHU IOJIy4Y€HHs HaHOMAaTepHaJOB U
HAaHOCHCTEM, UX 00paboTKH, 00ydeHue HaydHbIM OCHOBAM BHIOOpA MaTepuala ¢ y4eToM €ro cocra-
Ba, CTPYKTYpPbI, METO/A MOIY4YECHUS U JOCTUTAIOILUXCS IPU ITOM IKCIUTYaTAl[MOHHBIX U TEXHO-
JIOTMYECKUX CBOWCTB, HEOOXOJUMBIX /Il XMMHUYECKUX IIPOLYKTOB;

- BbIpaOOTKa YMEHMsI ITOCTAaBUTh THUIIOBBIE 33/a4M U Pa3pabOTaTh AITOPUTM CO3/1aHUS

HAaHOMATCPHUAJIOB U HAHOCUCTEM IPOUCCC CO3JaHUA 15631 (81515 1 () (S): 1) 0} Ha3Ha4YCHUA,

- O6y‘1€HI/Ie MCTOJOJIOTHMH CO3JaHNA HAHOCUCTEM M HAHOMATCPpUAJIOB U IIPUMCHCHUSA UX B

XAMHUYECKOU TEXHOJIOTUMU.

2. MECTO JUCIUIIJIMHBI B CTPYKTYPE OIIOII

Juctunnuna «Hanomarepuasnbl B XUMUUECKOU TEXHOJIOTHMY OTHOCUTCS K 0a30BOM 4aCTH.

3. INIAHUPYEMBIE PE3YJIbTATbBI OBYYEHMUS IO JUCHUIIJINHE

HJIaHI/IpyeMBIG PE3YIbTATHI 06y‘~I€HI/I$I o AUCHUINIMHEC, COOTHCCCHHLBIC C IJIAHUPYCMBIMU PC3YyJIbTa-

tamu ocBoeHuss OITOIT (koMneTeHIUAMH U MHIUKATOPaMU JOCTHKEHUS KOMITCTCHITH )

dopmupyeMbie KOMIIe- [TraHupyeMble pe3yabTaThl 00YUCHHS MO AUCITUILIUHE, B COOT- HaunmenoBanue
TEHIMH BETCTBHHU C HHIAMKATOPOM JOCTIIKCHHS KOMIIETCHIINU OLICHOYHOI'0
(kon, comepKaHue KOM- WHauKaTop TOCTHKEHUS KOM- | Pe3ynbTarel 00ydeHHs 1Mo cpencTsa
TICTCHITHH ) METEHIUH JTUACUUTIINHE
(K00, codepoicanue UHOUKA-
mopa

[K-3- CmocobeH mpume-
HITh METOJBI U CPENCTBA
NPOBENICHUsI  HCCIIe0Ba-
HUA W Pa3pabOTOK KOM-
NO3ULIMOHHBIX ~ MaTepua-
JIOB, B T.4. MOJHMEPHBIX
HAHOCTPYKTYPHUPOBaHHBIX
KOMITO3MILIMOHHBIX ~MaTe-
pHaoB

[1K-3.1. 3naer XapaKTEePUCTHKH
000pyIOBaHMs, NPUHLHIIBI €I
paboThl, NpaBWia HKCILTyaTa-
OMA U METPOJOTHYECKON IO
BEpKe, METOJIbI

I1K-3.2. YMmeeT pa3pabaThIBaTH
U BBIOMPATh METOMBI HCCIIEI0A
BaHUs, CHHTE3a U nepepaboTki
MOJIMMEPHBIX M KOMITO3HIIMOH-
HBIX MaTepuaoB

[1K-3.3. Baageer MeTomaMH
NPOBENICHUST DKCHEPHMEHTAIb
HBIX HCCIICIOBAHUHA M pa3zpado-
TOK COBPEMEHHBIX HAHOCTPYK
TYPUPOBAHHBIX KOMITO3HUIIHOH-
HBIX MaTepuajoB

3Haer METOIUKH HCCIIe-
JOBaHHUSI HAHOCUCTEM H
HaHOMaTePHAJIOB

Ymeer MIPOBOAWTH aHAJIN3
CTPYKTYPbI HOBBIX MaTC-
puajioB

Buiageer CIOCOOHOCTBIO
OpraHM3aIy MPOBEICHUS
aHanm3a CTPYKTypy HO-
BBIX MaTepHaJioB, aJlar-
THUPOBATh METOIMKH UC-
CJIe/IOBaHMsI CBOMCTB Ma-
TEpPHaJIOB K MOTpPeOHO-
CTAM IIPOU3BOJICTBA U

TecToBEIe BOIIPO-
ChbI

KOHTPOJIb 3TalloB paspa-
OOTKH KOMITO3MIITHOHHBIX
MaTEpUAJIOB C 3aJaHHBIMU

TMMOJIMMEPHBIX M KOMITO3UIIUOHA
HbIX MAaT€pHAJIOB, CUCTEMY aHa-

JIMTUYCCKOT'O KOHTPOJIA 3TAIlOB

pUasoB A XUMHUYECKOU
HHIYCTPUH

YMeeT KOHTPONIHMPOBATH CO-

pa3pabaThiBaTh HOBEBIE

METOJIUKU
[IK-4 - CnocoGen ocyme- | [TK-4.1. 3Haer ¢u3nko{ 3Haer (¢u3MKO-XMMHUYEecKHe | TecToBBIe BOMPO-
CTBIATh AHAINTHYECKUH | XMMHYECKHE XapaKTePHUCTHKH XapaKTePUCTHUKH HaHOMATe- | CHI




dopmupyembie komme- | [lmaHupyeMbie pe3yabTaThl O0YUCHUS IO JUCIUILIMHE, B COOT- | HanMeHoBaHue
TEHIUU BETCTBUH C HHIUKATOPOM JOCTHIKCHUS] KOMITETEHIHH OLIEHOYHOTO
(kox, coaepxkaHue KOM- WHaukatop TOCTHXEHUsI KOM- | Pe3ynbTarsl 00yueHHs 10 cpencTea
MIETEHIINH ) METEHIINU JCIUIIINHE
(K00, codepoicanue UHOUKa-
mopa
CBOUCTBaMH, B T.4. KOM- | pa3pa0OTKH MAaTE€pPHAJOB, CHC{ OJtojieHHE TpeOOBaHU U

MO3UIMOHHBIX TOJIUMEpP-
HBIX  HaHOCTPYKTYpHUPO-
BaHHBIX MaTEPHAIOB

TEMbI aKKpEIUTAIHH 71ab0paTo
pHii B MPOMBIIUICHHOCTH, TpPeH
0OBaHHUA CUCTEMBI MEHEIKMEH
Ta Ka4ecTBa, DKOJIOIHYECKOIQ
MEHEDKMEHTA U CHCTEMBI M€
HE/DKMEHTa TPOU3BOJICTBEHHO
0e30IaCHOCTH U 3I0POBbBSI
[IK-4.2. YMeeT KOHTPOJIHPO-
BaTh COOJIIOJICHUE TpPeOOBaHU
U HOPM, YCTaHOBJICHHBIX H
CTaHAapTaX M TEXHHUYECKHX
YCIIOBUSIX, TIPH pa3pabOTKe 10
KYMEHTOB
[1K-4.3. Baageer MeTomaMH
KOHTPOJIISI COCTOSIHUSI 000pY/I0-
BaHMs IS TIOJTYYCHHUSI M HCIIBIA
TAQHUH TMOJMUMEPHBIX U KOMIIOA

SUIMOHHBIX MaTCPHUAJIOB

HOpM, YCTaHOBJICHHBIX B
CTaHIApTaX M TEXHHYECKUX
YCIOBHAX TIPH TIONyYSHHUH
HaHOMAaTepHaJoB

Baageer merogamu KOHTpPO-
JIS1 COCTOSTHUSI 000PYIOBaHHS
JUTS TIONYYCHUS ¥ HCITBITAaHIH
HaHOMAaTepHaJoB

4. OFBEM U CTPYKTYPA JUCHUIIJIMHBI

Tpyn0eMKOCTh TUCIUTLTIHBI COCTABIISIET 2 3a4ETHBIX STUHHMIIBI, /2 Jaca.

TemaTuueckuii NJIaH 17181 04HOM GopMbI 00yUeHHUs

KonrtaxtHas paboTa 00y- Dopmbl
YalOUIMXCs TEKYIIEro KoH-
C MearoruueckKuM paboTHU- TPOJISl yCTIEBaeMO-
KOM CTH,
2 § dbopma mpomexy-
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Q o = Q = g < o)
X | g = = S| =
o % 3} a, QO <
T o} 1S} SO
I: = = [ <
= < S
E o = =
% o X
< O )
o < =
= = ©
1 Paznen 1. BBenenne B HAHOTEXHO- | 2 1-2 4 2 2 2
goruio. Ilpouecchl, oGopyroBanue
U XapaKTepHCTHKA HAHOTEXHHOJIO-
rui
Tema 1. BBenenue B HAHOTEXHOJO-
THIO
2 Tema 2. XapakrepucTtuka HaHOCT- | 2 3 2 2 2
PYKTYPHPOBAHHBIX MATEPUAJIOB.
3 Tema 3. OOopymoBaHHE HAHOTEXHO- | 2 4 2 2 2
JIoruit
4 Tema 4. [Iporieccsl HAHOTEXHOIOTHHA 2 5 2 2 2 2 PeliTHHT-KOHTPOIH
No 1
5 Tema 5. Hanokaranms 2 6-8 6 2 2 2
6 Paznen 2. Hanomarepuanst 2 9- 2 2 2 N
PeiTHHr-KOHTPOITh
Tema 6. YrnepomHble HAHOCTPYKTY- 12 No 2
puI B




KonraktHas paboTa 00y- DopMbl
YaFOIUXCS TEKYIIEro KOH-
C TIEeJarOTUYCCKUM pabOTHHU- TPOJIS yCIIEBAEMO-
KOM CTH,
gq § (popma npomesxy-
w = 3 = M
& E = é S 2 TOYHOU
Ne HaunmeHnoBanue TeM u/umu pasze- 3 3 8 S § .| E g aTTecTaluu
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7 Tema 7. Opranuyeckue COeAUHEHUS 2 13- 6 2 2 2
1 TIOJTUMEPHI 15
8 Tema 8. bronornyeckne MaTepuasl 2 16- 4 2 2 2
17
9 Tema 9. HaHopoOOTHI 2 18 2 2 2 PefiTuHT-KOHTPOIH
Ne 3
Bcero 3a 2 cemectp: 36 18 18 3adeT ¢ OLEHKOMI
Hannune B qucnumumae KIT/KP - -
Uroro o pucruruinae 36 18 18 3adeT ¢ OLEHKOMI

Conep:kanue JeKIIMOHHBIX 3aHSITHI 10 JUCIHUILINHE

Paznen 1. BBenenne B HaHoTexHoJ10ruI0. [Iponecchl, 000py10BaHue U XapaKTePUCTHKA HAHO-
TEeXHHOJIOTHH

Tema 1. BBegeHnue B HAHOTEXHOJIOT IO

Coaep:xanue Tembl: VicTopus pa3BuTHs HaHOTeXHOJOruil B Mupe u P®. PasButue tex-
HUKJ MaHUIYJISLUM Ha aTOMapHOM YPOBHE U ME€XaHHM3Ma €ro ocyiuectsieHusd. I[IporHossl pas-
BUTHUSI HAHOTEXHOJIOTUH. OCOOEHHOCTH MOBE/IEHNS HAHOCTPYKTYPHBIX Marepuanos. TepMuHoio-
rus B HaHouHAycTpuu. Komnanuu, 3aHMMaroniye Npou3BoCTBOM HAHOMATEPHUAIIOB.

Tema 2. XapakTepuCTHKAa HAHOCTPYKTYPHPOBAHHBIX MaTepPHAJIOB.

Conep:xanue Tembl: OO11ast XapaKTepUCTHKA HAHOCTPYKTYp. Mozenu crpoeHus 1 GpopMu-
poBaHus HaHo4acTUll. KoMOuHanus CTpyKTYpHBIX 3J€MEHTOB HaHOYACTHII.

Tema 3. O0opyaoBaHne HAHOTEXHOJIOT M

Coaepixanue TeMbl: DJIEKTPOHHAs MUKpocKkonusl. CKaHUPYIOLIas 30H10Basi MUKPOCKOIIHSI.
ATOMHO-CKaHUPYIOIIUI MUKPOCKOIL.

Tema 4. [Ipoueccsl HAHOTEXHOJIOT Ui

Conep:xanue TeMbl: MeToz camocO6opku. Jlutorpadus.

Tema 5. Hanokarauu3

Conep:xxkanue Tembl: OOmue cBefeHus o karamuze. OOmue CBONHCTBA KaTaau3aTOPOB.
Knaccudukanus karanuTuueckux peakuuil. [IpuHIMIBI CTPYKTYpHOTO U SHEPreTHYECKOI0 COOTBET-
cTBus. Katannus Ha HaHOUYACTHIIAX U LIEOTUTAX.

Paznea 2. HanomaTtepuaJnbl

Tema 6. YriiepogHbie HAHOCTPYKTYPbI

Coaep:xkanue TeMbl:  YTJIEepOJHbIE MOJIEKYJBl. YTIEpOaHbIe KiacTepbl (pysuiepeHsl, (yi-
JIEPUTHI, YTIAEPOTHBIE IYKOBHIIBI, (DyJUIepHIbl, SHI0(]YIIepeHsbl). YTaepoiHble HAaHOTPYOKH.
['paden.

Tema 7. Oprannyeckue cOeIHHEHUS U NMOJIMMEPbI

Coaep:xanue Tembl: [IpoBopasiue nonumepsl. biok-cononumepst . CynpaMonieKyisipHbIe
CTPYKTYpHI. [lennpuTtHbie MoaeKyibl. CylpaMoaeKyJIsspHble JEHAPUMEPSDI. JleHApUTHbIE MULIEIIBI.

Tema 8. Buosornyeckne marepuaJibl

Conep:xanue TeMbl: buonorundeckue crpoutenbHbie 010ku. [loaunenTuaHas HaHOLETb U




OeKoBbIC HAHOUACTULIBL. bruosornuyeckne HaHoMaTepuabl

Tema 9. Hanopo0oThbI

Copep:xanue TeMbl: HaHOpoOOTHI M 00JaCTh UX IPUMEHEHUA. Y CTPOMCTBO HAHOPOOOTA.
HaBuranus nanopo6ora. Duepronuranue. Ilepenmwkenne. buoMmnmernueckine HaHOPOOOTOB U Kce-
HOOOThI. HeoctaTku npuMeHeHuss HAHOpPOOOTOB.

Conep:kaHue NPaAKTUYECKUX 3aHATHI M0 TUCHUILIIHHE
Paznen 1. Beenenne B HaHoTexHoJ10ruI0. [Iponeccnl, 000py10BaHue U XapaKTePUCTHKA HAHO-
TeXHUOJIOTH I

Tema 1. BBegeHne B HAHOTEXHOJIOTHIO

Conep:xanue Tembl: VMctopust pa3Butusi HaHOTeXHOJOrui B Mupe u PO. PaszButue tex-
HUKHM MAaHUNYJISLUKA HAa aTOMapHOM YpPOBHE U MEXaHHM3Ma €ro ocyuecTtBieHusa. [Ipornossi pas-
BUTHUSI HAHOTEXHOJOTUM. OCOOCHHOCTH MOBEICHUSI HAHOCTPYKTYPHBIX MaTepuaaoB. TepMUHOIO-
rus B HaHOoMHAycTpuu. KoMnanuu, 3aHMMaromye npou3BoCTBOM HAHOMATEPHUAJIOB.

Tema 2. XapakTepuCTHKA HAHOCTPYKTYPHMPOBAHHBIX MAaTEPHAJIOB.

Coaep:xanue Tembl: OOm1as XapakTepUCTUKAa HAHOCTPYKTYp. Mogenu ctpoenus u hopMu-
poBaHus HaHo4acTull. KoMOuHanus CTpyKTYpHBIX 3JE€MEHTOB HAHOYACTHII.

Tema 3. O0opynoBaHNe HAHOTEXHOJIOT Uit

Coaepixanue TeMbl: DJIEKTPOHHAsE MUKpocKonusl. CKaHUPYIOLIasi 30H10Basi MUKPOCKOIIHSI.
ATOMHO-CKaHUP YOI MUKPOCKOII.

Tema 4. [Ipoueccsl HAHOTEXHOJIOTHIA

Copnep:xanue Tembl: Meton camocOopku. JIutorpadusi.

Tema 5. Hanokarauu3

Coaep:xkanue Tembl: OOmme cBefeHus o karanuse. OOIIMe CBONCTBA KaTalaM3aTOPOB.
Knaccugukarus kaTanuTudeckux peakuuii. [IprHIUIBI CTPYKTYPHOTO U SHEPT€TUIECKOTO COOTBET-
ctBus. KaTanu3 Ha HaHOYACTULIAX U LEOJIUTAX.

Paznen 2. HanomatepuaJjibl

Tema 6. YriiepoaHble HAHOCTPYKTYPBI

Coaep:xkaHue TeMbl: YTIEPOIHBIC MOJICKYIBL. YTIEpPOIHBIC KiIacTephl (PpyuiepeHsl, (yi-
JICPUTHI, YTIAEPOAHbIE TYKOBUIIBI, QyIIEPUABI, SHA0(YIIepEeHbI). YTIIepOoIHbIE HAHOTPYOKH.
I'paden.

Tema 7. Oprannmyeckune COeAHHEHUS H MOJIMMEPbI

Coaepxxanue Tembl: [IpoBopsiue nonumepsl. biok-cononumeps! . CynpaMosieKyisipHbIe
CTPYKTYpHI. [lenaputasie Monekyibl. CynpaMoaeKyiIsipHble JeHAPUMEPHI. JleHIpUTHbIE MUIIEILIbI.

Tema 8. Buosoruyeckne marepuaJbl

Coaep:xkanue Tembl: buonornueckue crpoutensHbie 6oku. [lonmunenTtuanas HaHOLETb U
OenKoBble HAHOYACTUIIBL. bronornueckre HaHOMaTepHabl

Tema 9. Hanopo0oThbI

Copepxanue Tembl: HaHOpoOOTHI M 00J1aCTh UX MPUMEHEHHUS. Y CTPOICTBO HAHOPOOOTA.
HaBuranus Hanopo6ota. Duepronurtanue. [lepenBukenue. buomnmernyeckue HAaHOPOOOTOB U Kce-
HOOOTHI. HeocTatku npumMeHeHNs: HAHOPOOOTOB.

5. OEHOYHBIE CPEJCTBA JJ151 TEKYIEI'O KOHTPOJISI YCIIEBAEMOCTH,
MPOMEKYTOYHOI ATTECTALIMU TI0 UTOT'AM OCBOEHUSI JUCLIATIIMHBI
1 YYEBHO-METO/NYECKOE OBECHEYEHUE CAMOCTOSITEJIBHO PABOTHI
CTYJIEHTOB

5.1. Tekyumuii KOHTPOJIb yCIIEBAEMOCTH

PeiiTuHr-koHTpoOIHb 1
1. Ucropus pa3BUTHsI HaHOTEXHOJIOTUH B MUDE.



Pa3BuTHe TEXHUKU MaHUMYJALMU HA aTOMapHOM YPOBHE U MEXaHU3Ma €T0 OCYIIECTBJICHUS.
[IpoucxoxxaeHue TepMuHa "HaHOTEXHOJIOTUU".

Hctopus pa3Butus HaHOTeXHOJO0TUM B PD

[Tporuo3sl pa3BUTH HAHOTEXHOJIOTUU B OJIMKaiIIel epCneKTUBe.
Oco0eHHOCTH TOBEJCHUSI HAHOCTPYKTYPHBIX MAaTepUasoB.
Pa3mMepHOCTD 4acTHUIl, OTHOCSIIUXCS K KJIACCy «HAHOM.
CpaBHuUTENBbHBIE pa3Mepbl HEKOTOPBIX 0OBEKTOB.

ITonarue tepmunoB: Hanomarepuansl. Hanonayka. Hanouactuna. Hanokomnosutsl. Hano-
texHuka. Hanounnycrpus. [Iponykuuss HAHOMHAYCTPUH.

10. Komnanuu, 3aHUMAIOIIE TPOU3BOICTBOM HAHOMATEPHAJIOB.

11. Obmas xapakKTepruCcTUKa HAHOCTPYKTYP.

12. Mogenu ctpoeHus U GOPMHUPOBAHUS HAHOYACTHIL.

13. KomOuHaIms CTpyKTYPHBIX 2JIEMEHTOB HAaHOYACTHII.

14. OcobeHHOCTH KOHCTPYKIMH JIEKTPOHHBIX MUKPOCKOTIOB

15. UcTopus pa3BUTHS 3JIEKTPOHHON MUKPOCKOIHH

16. PaznoBugnoctu C3M.

17. Ilpunuun padoter C3M.

18. Ilpun1s! padoTsr ACM.

19. IIpouecc camoc6opku. [locnoiinas cOopka HAHOCTPYKTYD.

20. CamoopraHM30BaHHBIC CUCTEMEI.

21. Ilonstue nmurorpadumu.

22. OCHOBHBIC ATAIbl CO3/IaHUS MUKPOCXEM.

23. Bugael mutorpadum.

©CoONSORA~WN

PeiiTHHI-KOHTPOJIDb 2

1. [lepeuncaure obire CBONCTBA KaTalu3aToOpOB.

2. N300pa3ute MpOCTEHITYI0 YHEPreTUUYECKYI0 KPHBYIO T'€T€pPOT€HHOW KAaTAIUTHYECKOH peak-
. CKOJIBKO MAaKCUMYMOB U MUHUMYMOB OHA COACPKUT?

3. OObscHUTE CYTh IPUHIIUIIOB CTPYKTYPHOT'O U SHEPT€TUYECKOI'O COOTBETCTBUSI.

4. Kakue cBolicTBa HaHOYACTHIL [TO3BOJISIFOT UM UIPATh POJIb KaTalIu3aToOpoB?

S. [Iepeuncinte U3BECTHBIE TUIIBI HAHOKATAJIN3aTOPOB.

6. Kpome okuncnenust CO, HaHOUACTHUIIBI 30JI0Ta YCKOPSIOT U APYTU€ PEeaKkIMK: THAPOXIOPHUPO-

BAaHUC allCTHJICHA, CUHTE3 MICPOKCHIAa BOAOPOAa, PA3JIOKCHUE 030HA, Pa3IOKCHHUEC CCPHUCTOrO rasa,
BOCCTAHOBJICHUC OKCHUJIO0B a30Ta IMPOIICHOM. Hanuiute YpaBHCHUA IICPCUUCIICHHBIX peaKHHﬁ.

7. OOBsicHUTE, K KaKUM BPEIHBIM MOCIEICTBUSAM MOXET NMPUBECTH MOBBIIICHHOE COJIEpIKaHUE
cepbl B aBTOMOOMIIBHOM OCH3HUHE.

8. Tunel cTpoenus cTpykTypsl yriaeposa. [Ipupona yrinepoaHoii cBs3u.

9. Tuns! spn-rudpuauzanuu. Kyban. CooHoo.

10.  Kiacreps! yriiepona.

11. @ymnepeH. Ero oTkpeiTe, cBOKWCTBA.

12. @yiepeHsl ¢ YUCIOM aTOMOB, OOJIBIINM MM MEHbIINM 60.

13.  ®ymnepwur.

14. DOHI0DyIIIEPEHBI.

15.  Ilpumenenue QymniaepeHOB U GyIEPEHCOIEPKAIIUX CMECEH.
16.  Heyrneponusie mapooOpa3Hble MOJIEKYJIBL.

17. [TonsiTHE yriaepoJHbIX HAHOTPYOOK. MIX OTKpBITHE, CTPYKTYPA, «KPBILIKH.
18. MHorocnoitHble YTiaepoiHble HAHOTPYOKH.

19. Matepuaibl, HCTIOJIb3yeMbIe JJIsI HAHOTPYOOK.

20. MexaHudeckre CBOHCTBa HAHOTPYOOK.

21.  DJeKTpuYecKue W AIEKTPOHHBIC CBOWCTBA HAHOTPYOOK.

22. Kammsspasie cBoiicTBa HAHOTPYOOK.



23. MarauTHble CBOWCTBAa HAHOTPYOOK.
24, I'padpen. OTkpoiTHE, CBOICTBA.
25. [Ipumenenue rpadena.

15.

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

27

O 01NN WN —

10
11
12
13

PeliTHHT-KOHTPOJB 3
[TonsiTue oprannyeckux MetamuioB. [IpumMepsr.
[Tuppon u THOdEH.
Hanononuanumnus.
buiok-conosnmmeps!. [Ipumepsr.
3Be31000pa3HBIN MOMMED, «BoJlocaTas HaHOChepay, monuMepHas metka. [Tonstue. Bun. [1pu-
MEHEHHE.
Cynpamonekynspuble cTpykTypsl. [lonstue. KBagparnsie cynpaMonekyasipHble CTPYKTYPBI.
Mopnenu cynpaMoneKkyaspHbIX CTPYKTYD.
[TonsiTrie NEHAPUTOB UM KAaCKaAHBIX MOJeKy. [IpumMepsr.
Cxema nmomaroBoii caMoCOOpKH TOJIMAaMUHOBBIX JICHAPHUTOB.
JIMBEpreHTHBIN pOCT, TUBEPTreHTHBIN CUHTE3.
JIeHApUTHBIE KaTaIu3aTOPBI.
Cynpamonekysspablie neHaputhl. [Ipumepsl camocOopku.
Jenapumepusie munesuisl. [lonsaTue, npumepsl.
Cxema Monudukau MOBEPXHOCTH arperaramMu OJOK-COMOJIMMEpa Ha OCHOBE IMOJIMIAKTUIA
(PLA)/mommstanenrnukons (PEG).
KakoBa pazmepHOCTh BUPYCOB, OakTepuii, 6enkoB? PasmepHOCTh Ipyrux OHONOTHYECKUX 00B-
€KTOB.
XuMHYecKasi CTPYKTypa aMHUHOKHCIIOTHI.
O6pa3oBaHre TPUNENTUIHON LIETIH.
YpOBHU CTPYKTYpHI OeliKa.
benku, KoitareH, 3J1acTuH
Munensl U Be3UKYIbI.
Hanopo6oTs! 1 001acTh X IPUMEHEHHUS.
YcrpoiicTBo HaHOpPOOOTA.
Hapuranus nanopo6ora.
DOHepromnuTaHue HaHOpoOoTa
[TepenBuxeHne HaHOpoOOTa
bruomumMeTrnueckue HaHOPOOOTHI U KCEHOOOTHI.
. HenocraTku npuMeHeHus HAHOPOOOTOB.

5.2. HpOMe)KyTO‘-IHaH aTrTrecTanmyd 1o uToraM OCBOCHUA JUCHUIIJIHHBI

BOl'[pOCI)I AJIA MOATOTOBKH K 3a49€TYy € OIIEHKOM

. UcTopus pa3BUTHS HAHOTEXHOJIOTUN B MUpe U PO.

. PazBuTne TeXHUKU MaHUMYJIALUU HA aTOMapHOM YPOBHE U MEXaHU3Ma €Tr0 OCYLIECTBIIEHHUS.
. IIporHO361 pa3BuUTHsI HAHOTEXHOJIOTHUH.

. OcoO6eHHOCTH MOBEIEHUSI HAHOCTPYKTYPHBIX MaTEpHUAaJIOB.

. TepmuHOJIOTHSI B HAHOMHIYCTPHH.

. Komnanuu, 3anumaromiye nponu3BoiCTBOM HaHOMAaTEPHAJIOB.

. Ob1rast XxapakTepuCTHKa HAHOCTPYKTYP.

. Monenu crpoenus u GpopMUPOBaHUS HAHOYACTHII.

. KomOuHamms cTpyKTypHBIX 3JIEMEHTOB HAaHOYACTHIIL.

. DJIEKTPOHHAsE MUKPOCKOIIHSL.

. CxaHupyomiasi 30H10Basi MUKPOCKOIIHSI.
. ATOMHO-CKaHUP YOI MUKPOCKOTI.

. MeTon caMmocOOpKH.



14. Jlutorpadusi.

15. OOuue cBeneHUs O KaTanuse.

16. OOmme cBOMCTBa KaTaIM3aTOPOB.

17. Knaccugukanus KaTaTUTHIECKUX PEeaKLnii.

18. IIpuHIMIBI CTPYKTYPHOTO U SHEPTETUUECKOIO COOTBETCTBHSL.

19. Karanu3 Ha HaHOYACTUIAX U LIEOJIUTAX.

20. YriepoaHbIe MOJICKYJIBI.

21. VYrneponusie kiactepsl (QymepeHsl, QyuIepuThl, YIIACPOIHbIE JTYKOBUIBI, (YIUICPUABI, YHI0-
bynnepeHsl).

22. YriepoJHble HAHOTPYOKH.

23. I'paden

24. [IpoBodiye MoJIUMepPbl

25. bnok-conoiumepsl

26. CynpaMoJIeKyIsIpHbIE CTPYKTYPbI

27. leHnpUTHBIE MOJIEKYJIbI

28. CynpaMoyieKyIsipHbIE JEHIPUMEPHI

29. JleHaApuTHBIE MUIIEIUTBI

30. buonornuyeckuie CTpOUTEIbHBIC OJIOKH.

31. TlonmunenTuaHas HAHOUEHH U OCITKOBBIC HAHOYACTHIIHI

32. buonornueckue HaHOMaTEPUATIBI

33. HanopoOoTsI 1 00J1aCTh WX IPHUMEHEHHS.

34. YcrpoiicTBo HaHOpPOOOTA.

35. Hasuranus HaHOpoOOTA.

36. DHepromuTaHue HAHOPOOOTOB

37. TlepensmxeHnue HAHOPOOOTOB.

38. buommmeTn4ecKkrne HaHOPOOOTHI U KCEHOOOTHI.

39. Henocratku nmpuMeHeHHs HAHOPOOOTOB.

5.3. CamocTosiTeIbHASL padoTa 00y4YaloIIerocs.

CamocrosTenbHas paboTa CTYAECHTOB BKIIOYAaeT B ceOs MOATOTOBKY K PEHTHHI-KOHTPOJIIO,
MPAKTUYECKUM 3aHATHUSIM, pa3paboTKy pedeparoB, HOArOTOBKY K caue 3ayeTa.

Bugapsl camocTosTebHOM paboThl CTYJEHTOB: U3yUY€HHE MaTepuana JUCHUILIMHBI 0 y4eOHU-
KaM, MOHOTpa(usiM, yueOHbIM OCOOUSIM, TIOATOTOBKA K MPAKTUYECKUM 3aHATHSAM, MOJArOTOBKA TEK-
CTa U Mpe3eHTalluu KypcoBOil pabOThI 10 MaTEHTHBIM, JIUTEPATYPHBIM U HHTEPHET-UCTOYHHUKAM.

Tembl pedepaTos
Hanomarepuainsl B MeIUIIIHE
Hanomarepuaiibl B cTpouTenbCTBE
Hanomarepuaisl B arponpoMBIIIIICHHOM KOMIUIEKCE
Poccuiickue u 3apy0OexHble KOpHOpalyu, MPOu3BOJUMbIE HAHOMATEPHAIIBI
TpyOuatsie u cheprueckue HaHOMaTePUAIIBI
Hanomarepuansi B Gnosioruu
KoHcTpyKIIMOHHBIE HAHOMATEPHAIIbI
Hanomarepuansl co crenuaibHbIMH (PU3UYECKUMH CBOMCTBAMHU (MAarHUTHI, MOJYTIPOBOJHUKH,
TPaH3UCTOPHI)
9. HanopoO6oTsr
10. Hanokepamuka
11. Hanomarepuainsl B 3JIEKTPOHUKE

NN E

[To TemaTuke pedepaToB BO3MOXKHO OMyOJUKOBAHHUE CTATeH B HAYYHBIX U3JTAHUSIX.



@DoH/I  OIEHOYHBIX  MaTEPHAIIOB

(GOM)

TSt

MPOBEJICHUS]  aTTECTallMl  YpOBHS

c(OPMHPOBAHHOCTH KOMIETCHUUH OOy4YalOMMXCsl MO AUCHUIUIUHE O(OpMIIseTcs OTAETbHBIM

JOKYMCHTOM.

6. VYEBHO-METOJINYECKOE 1 THOOPMALIMOHHOE OBECITEYEHUE
T CHATITAHBI

6.1. KuuroodecnmeuyeHHOCThH

HanmeHoBaHME IUTEpaTypHl: aBTOP, HA3BAHHUE, BHUI H3/1a-
HUS, H3aTEIbCTBO

T'onx us-
aHus

KHUT'OOBECITIEHEHHOCTb

Hammawe B snexTporHoM karanore O5C

OcHoBHas JuTEpaTypa

1. Tumodeesa, M. H. HaroTexHoNmormu. XuMudaeckue, Qpu-
3UYECKHe, ONOJIOTUIECKUE U IKOJIOTHYECKUE ACTICKTHI :
monorpadus / M. H. Tumodeesa, B. H. [1aruenko, B. B.
Jlapuuakus 1 1p. - HoBocubupcek : HI'TVY, 2019. - 283 c.
(Cepus "Monorpaduu HI'TY") - ISBN 978-5-7782-3863-
3. - Tekcr : anexrponnsiii // OBC "KoncynbTaHT cTyneHTa"

2019

https://www.studentlibrary.ru/book/ISBN978
5778238633.html

2.Comnniies, 1O. I1. HaHOTEXHOJIOIMH U CIEIHaIbHbIE MaTe-
puaisl : yaeoHoe mocobue st By3oB / Conames HO. I1.
Ipsxun E. U. , Bonorxaanna C. A. , [letkoBa A. I1. - 2-¢
u3l. , crepeotuil. - Cankr-Ilerep6ypr : XUMU3 AT,
2017.-336 c. - ISBN 978-5-93808-296-0. - Tekcr : a1ek-
tpouHbli / OBC "KoHcyspraHT crynenra”

2017

https://www.studentlibrary.ru/book/ISBN978
5938082960.html

3.1Banos, H. b. HanoTexHOI0rH1 MaTepHAaIoOB U I0-
KpbITUH : yueOHoe mocooue / MranoB H. B. , [Toka-
moxuH H. A. - Kazans : KHUTY, 2019. - 236 ¢. -
ISBN 978-5-7882-2538-8. - TekcT : 37€KTpOHHBIH //
9BC "KoHcynpTaHT cTyaeHTa"

2019

https://www.studentlibrary.ru/book/ISB
N9785788225388.html

JlonoJIHNTe/IbHAS JIUTEpaTypa

1.Ky3nenos, H. T. OcHOBBI HAHOTEXHOJIOTHH : y4eO-
auk / H. T. Ky3neno, B. M. Hosoropies, B. A.
Kabpes, B. 1. Mapronun - Mocksa : JlabopaTopust
3HaHu#, 2017. - 400 c. (YueOHHUK AJIs BBICIIEH KO-
ne1) - ISBN 978-5-00101-476-8. - Tekcr : 3meKTpoH-
Hoiii // OBC "Koncynbrast cryaeHra’

2017

https://www.studentlibrary.ru/book/ISB
N9785001014768.html

2. JI3umzurypu, 3. JI. [Iponeccel monydeHus: HaHOYA-
CTHIL u HaHoOMarepua-
noB. HanorexHonoruu : HaHoTexHoJoruu /  J13un3u-
rypu, 3. JI. - Mocksa : MUCuC, 2012. - 71 c. - ISBN
978-5-87623-605-0. - Tekcr : anekTponHbid // DBC
"KoncynbTant cryaenra”

2012

https://www.studentlibrary.ru/book/ISB
N9785876236050.html

3.XaptmanH, Y. O4apoBaHre HAaHOTEXHOJIOTHH / Y.
XapTtmanH - Mockga : JlJaboparopus 3nanuii, 2017. -
176 c. (Hanorexunomoruwu) - ISBN 978-5-00101-477-
5. - Tekcr : anextponHb# / OBC "KoHCYAbTaHT CTY-
nedra"

2017

https://www.studentlibrary.ru/book/ISB
N9785001014775.html

7.2. llepuoauveckue u3IaHus

- KypHaln «BectHuk Poccuiickoll akageMnun Hayk»;

- JXXypHal «Hano- u MHUKPOCUCTCMHAA TCXHUKA»,

- xypHan «HaHoMmaTepuabl 1 HAHOTEXHOIOTUM-HaHOMHAY CTpUsD?;
- )kypHan «Hayka u Texnonoruu Poccuun-STRF.ru@

- JKypHall «Poccuiickue HAHOTCXHOJIOTUHN»,



https://www.studentlibrary.ru/book/ISBN9785778238633.html
https://www.studentlibrary.ru/book/ISBN9785778238633.html
https://www.studentlibrary.ru/book/ISBN9785938082960.html
https://www.studentlibrary.ru/book/ISBN9785938082960.html
https://www.studentlibrary.ru/book/ISBN9785788225388.html
https://www.studentlibrary.ru/book/ISBN9785788225388.html
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- KypHan «Poccuiickuii 3MEKTPOHHBI HAaHOXYpPHAN (HAHOTEXHOJOIMU M MX MPUMEHEHUE)Y;
- KypHan « Hanorexnuxkay.
- )kypHan «Hano JlalimxecT»;

7.3. UnTepHeT-pecypchl

- CaliThl BEIYIIUX HAYYHBIX KYPHAIOB TI0O HAHOTEXHOJIOTHH;

- JJIEKTpOHHBIC OMOIMOTEUHBbIE cucTeMbl OmOnmoreku Bnl'Y (GecrmaTHeid mocTym uepes
AIIEKTPOHHYIO OnbIuoreky Bal'y).

8. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYEHUE JUCHUIIJIMHbI

Jlnst peanu3anuy JaHHON AUCIUIUIMHBI UMEIOTCS CIIeUAIbHbBIC TIOMEIECHHS IJIs1 IPOBEICHUS
3aHSATHH JICKIIMOHHOTO THUIA, 3aHSATHH IMPAKTUYECKOTO THUIA, TPYNIOBBIX M WHAWBUIYAIbHBIX
KOHCYJIbTAIMi, TEKYIIEr0 KOHTPOJS M MPOMEXKYTOYHOM aTTECTalluM, a TaKKe MMOMELICHHS JUIs
caMocTosTeNIbHOU paboThl. [IpakTudeckue padboTel mpoBosaTcs B aya. 3030, kopr. 1.

[TepeueHp HCHOIB3YEMOTO JIMIICH3MOHHOTO Tporpammuoro obecredenus: Windows 7 Mi-

crosoft Open License 62857078; MS Office 2010 Microsoft Open License 65902316.
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